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Abst ract

Wththeincrenent of grid connected sdar PVsystens that need net netering, the i nportance of
power or energy nonitoring has becone increasingly critical. Power can flowin each directions,

fromthe consuner side a PV panel tothe grid(reverse) or fromthe gridtothe consuner side PV
panel (for ward). Accurate billingisinpossible if thereis no neasurenent of the power flowfrom
bath sources ( gid source, PV source ) and unused surplus power is not store a the nonent.

Because of this, a hidrectional energy neter is required that can neasure the power in bath
direction (forvard as well as reverse). The goal of this study isto design ami cro contraler-based
bidrectional energy neter. This prgect cortribution consists of a nacro-cortrdler, current
sensor unit, voltage sensors unit, bulbs acting as loads, and a display unit. Voltage, current RVB
val ues are calcuated and dsplayed onthe LCD The calibrationis then perfor ned inthe newy
created program The power isthen conputed and shown after that.
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Chapter # 1

| ntroduction

Nowadays for grid-tied PV systens, accuracy of power nonitoringisacrucial need from
the energy sector. Wien consuner has an off-grid system power nay be measured wth
ease. Hbwever, wth a grid connected sdar PV system power wll be supplied fromthe
grid towards systemduring period of nmini mal radiation Power that comes fromagridis
refer to as “for ward power” ar “incomng power” while power is produced by the solar
panels and returned tothe gridis referred to as “reverse power” or “outgoing power”. A
bi-drectional power neter nust be used to neasure the positive and negative power.
Here a hi-direction power neter is designed using AT MEGA 328P mcro-cortrdler. A
thisti e, contralingthe power that islost inthe syste mneeds proper voltage and current
measurenent. The net bill cannot be deter mned if the power comng fromthe grid and
entering the grid cannat be nonitored and saved A bi-drectional energy meter has been
designed for this purpose. This neter also enables the deter mination of power flow

directi on

11 Net netering andits pheno nena

Net energy mnetering is a service that alows custoners to use bath their own on-site
power producing system and grid energy during peak ON hours. It returns any excess
power it generates tothe electric grid during off-peak ti mes. The net energy neter is used
for net netering (also known as a bidirectional energy neter). Qne neter that can detect
current flowng in bath directions is al that is needed for net netering Contrary tothe

feed-intariff, this needs the use of two neters in order to operate.

Every country and conpany has a unique paicy. Typically, the export energy units are
deducted fromthe i nport energy units when calculating a monthly hill or a kll after a
certain period of ti ne. And to create the net tariff, the resuting units are multiplied by
unit rates. Net neteringis dfferent fromfeed-intariffs because it requires only one neter



for neasurenent, which is a hi-drectional energy neter. The ertire process of net

metering systemis dsplayedin Ag 11
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Fg1l1Schenatic Representations of Net Mtering [1]

12 Hstory of net netering

Inthe 1980s, it was introduced inthe Unhited Sates, where users are authorized to use
power generated by their own producing systemns, such as sdar and wnd, as vell as
connect tothe grid The first net netering law was irtroduced in 1983 Every consu mrer
was per mtted to generate power under this law The additional energy woul d either be
paid to the user or credited per kilowatt-hour for the next nonth Qustorers were
per mttedto sell dectridty a retail prices starting in 2000. In 2016, 43 states adopted the
service of net netering The slowdown inthe i mplenentation of net netering in Europe
was caused by a lack of knowedge about services and tariffs. Net netering was only
provided by the "Geat Bitain Hectricity Business.". Today, nunerous countries
throughout the world including the Lhited Kngdom GCanada, the Philippi nes (accepted
in 2008), and recently Pakistan have adopted net metering [2].

1 3 Net neteringin Pakistan

The National Hectric Power Regulatory Authority (NEPRA) authorized the net netering
laws and standards in 2015 It staes that anybody can create power from renewable

sources like sdar and wnd and sell it to conmpanies that dstribute energy. By



i mplenenting this regulation consuners are rewarded for produci ng their own electriaty;

andtheir dectriaty hills are reduced as aresult.

As per NEPRA regulations, consuners are only allowed to use hidrectional neters.
When a consuner uses electridty fromthe grid (they are generating less energy and their
consunption is high), as well as when they are supplying power to the grid (they are
producing nore energy and their consunptionis low), this neter wll neasure energy in
baot h sit uati ons.

Ending of each month the consuner receive charged for net energy wed Al net
metering systens are connected to the grid which they wll use to distribute surplus
supply and credit inaccordance wth established standar ds.

1 4 Gontroversies regard ng net neteri ng system

These debates invol ve those countries whose economes rely on the sale of power a a
pr ofit.

e The demand for a nain or central power plant can be decreased by installing a
private power plant on site Governnent power plants generated electricity and
provi ded consuners wth energy. They nade a good profit. Net netering reduces
governnent profit by bringi ng i ndependence fromthe central power plart.

e Power conpanies wll share in the advantages of electricity production (as
custoners of a uility). As was nentioned inthe previous poirt, less noney is
made fromproduci ng electricity. Actually, uilities and consuners share the profit.
Reduced power production profits have ani npact on a countrys econony. Thisis

the nainargunent against net netering

15 Hstory and devel opnent of ki-drectional energy neter

The idea hi-drectional meter was developing in united state. When micro- wnd turbi nes
and sdar panels have been installed and are irterconnected to the pri nary grid station
These renewabl e energy sources were established by local groups of users who desiredto
be able to uilize their energy at various ti nes and be aware of the anount of energy they



exportedtothe nain grid. The first net neteringlawin America was passed in Nlnnescota
in 1983 The difference bet ween energy i nports and exports is neasured in net netering
They also let themcreate up to 40 KW and they receive paynent inthe for mof per-
kil owatt credits for the future billing cycle [3].

This innovation was adopted by many dher countries. In 1981 Aizona, in 1982
Massachusetts adopt this technol ogy. Uilitiesinthe United Sates were asked to offer net
metering on request in 2005 Because of the issue wth val ue-added tax, net netering
adoptionin Europe is noving extrenely slowy.

1 6 Change intrend of measuri ng syste mand nodern opport unities

Since the beginning of the twenty-first century, new techniques have been used to
i nprove the functionality and efficiency of neasuring instrunents. Mbvdern electronic
technol ogy has changed the way that neters are neasured Frst, nechanically driven
meters vere replaced wth dgta neters, and now snart neters have taken their pace.
These days, due to the expansion of the power system and the nodernization of
measuring techniques, consuners are also contributing to the generation of power by
utilizing their own power generation nethods, such as independent power resources, to
be enabled to address the electricity problem In addition a the off peak interval they
export o sell power tothe grid while a on peak irterval they i nport or purchase power
fromthe grid Thus, by observing this nodern approach, a neter that can neasure bath
forward and reverse power flow on a single conducting line is needed, hence, a

bidrectional neter was createdto accomnodate this novel technal ogy.

1 7 Bxsting technol ogies and i nnovation

The net netering idea, which was adopted in early 1980s in Anerica gave rise to hi-
directional neter technology. Net neteringis only a nethod for identifying dfferences.
Additionally a bi-directional energy neter is created using that's techni ques invention and
it has capacity to neasure bath net anount of energy as well as i nport and export of

energy units over ti ne.



18 B-drectional erergy neter

A device used to nonitor the flow of electridty in both drections is known as a hi-
directional energy neter. It is frequently enployed in situations when power is bath
drawn fromand supplied back intothe giid Ahbi-drectional energy neter can precisely
fdlowthe flow of power in bath drections, unlike conventional energy meters that can
only neasure the flowof dectridtyin one drection (fromthe gridtothe user).

A bi-drectional energy meter is essertial inthe context of renewable energy systens,
such as sdar cells or wnd turbines. The excess power produced by these systens can be
fed back irnto the grid when it is produced in excess of what is needed locally. The
consumer can ohtain credits or conpensation for the extra energy they supplytothe grid

thanks tothe bi-directional energy neter's precise measurenent and recording of the data

In contrast, the neter precisely neasures the eectricity drawn fromthe grid when the
quartity of on-site energy consu nption exceeds the anount being generated This enabl es
proper hilling for the energy spent. A hi-drectional energy netre supports fair and
accurate invoicing for electricity usage by gving athorough neasurement of energy flow

inbath drections. This encourages effective manage ment of energy resources.

The intialization of “B-directional energy neter” for the net netering
consuner/custoner records the flow of energy in bath the forward and backward
direction The anount of energy is used from main grid and the anmount of energy
supplied by our systemto nmain grid wll be neasured.
A bi-drectional neter atributes include:

e Adevicethat record forward and reverse power flow

e Alowcustonerstotake an activerde.

e ltirtroduce multipe new products, narkets and services

e It predict the syste minstabilityina self -healing approach

This neter has the capacityto neasure energy flowng in bath drections, which it does
autonmatically, Wwth the help of this neter, consumers nay actively participate in

el ectricity generation and load bal anci ng



19 Features of k-drectional energy neter

191 Reliallity

The bidrectional neter measures the current and votage values before displaying the
power and tatal energy units on the LCD screen in accordance wth the programm ng
This wll nake the transmi ssion of electricity nore reliable. Athough the ol d neters also
have the ability to neasure the flow of power and display the resut accurately, al of
themare single-drection and installed on the live wre. The hi-drectional neasure ment
does nat only neasure the power transfer but also gves the drection that ether the

power isinported or exported o the results are accurate and reliabl e,
192 Predction regarding the nature of load

These neters provide real ti ne infor nation regardng loads. (nhe can easily predict the

nature of load fromthis infor mati on and take appropriate response.
193 Design of retwork andits flex hility

The neter behaves well far all network design, whatever the design being used It
deter mnes the anount of current flowng and the drection of power flowand shows the
results al ong that line indicating whether power is flowng forward or backward

1 94 Reduction of dlls

A bidrectional neter enables consunmners to particpate activelyinenergy production The

bill is reduced by exporting self-generated energy tothe grid

Mont Hy bill =(energy imported —energy exported) * retal rae .................. Eq (11

The next stepisto change load needs and consunption by obtai ning i nformati on about

consunptionfromthe neter. A aresut, bath energy and noney can be saved

195 Mirket enabling

The nmain grid and the consuner's channel for i nporting and exporting dectricity in

accordance wth load are provided by the bidrectional neter. Consuners now want to



activel y partid pate inload nanage nment and work to prevent power failures by generating
their own electridty using renewabl e energy sources..

Therefore, the bidrectional netre has considerable narketing value for establishing
polides and deter mning retail per unit pricing It nakes it possible for the user to start a
hel pful business. The costuner which need to channelize their power source wth nain

grid have use hidrectional neter.

1 9 6 Enhance efficiency

Many contributions are made to reduce the energy shortage and boost the effecti veness of
the power nonitaring system The tiny renewable customer energy sources should be
connected tothe main grid wthout reduci ng syste mefficiency; the neasurement device
should be efficdent enough that only mini mal losses occur. Qur netre has a very high

effidency and a very lowirternal power |css.

110 Problemstate nent

In case of consumer having own energy source (Such as P\) along wth Giid WAP DA
then howreverse energy is neasure flownginothe Gid

The worldis currently nmoving toward renewabl e energy sources. Boththe consuner and
the electric conpany wll supply the power that is used by the consuner. The consumner
uses bath energy fromthe grid and energy generated by itself during on-peak hours. In a
simlar way, consuner denand is low and energy production is high during off-peak
hours. A a result, energy, o reverse power, will be delivered tothe grid So howis
excess energy or reverse power calcuaed? For this, anet neter or a bi-directional energy

meter isrequired

111 Statenent of project

The prgect is about to design an energy neter that neasures energy in both for ward and
reverse drection i.e, when consuners supply their surplus energy to the grid or an
el ectric uility during off-peak hours.



112 A ns &objective
The pri mary objective of this prgect is to design single phase bi-directional energy

meter for neasuring reverse power flowexportedintothe grid

The ai mof this prgect isto neasure the t wo way electrical paraneters. Followng are:

I nported, exported and net energy
| nported, exported and net power
Current of bath sources

\oltages of bath sources

113 Methodol ogy

The mainsteps for designing bi-cdirectional energy neter are

Hrst of dl WAPDA source and consuner source are linked toget her and synchr oni ze

automatically.

Patertial transfor ner is used as a voltage sensor for neasuring input votages of bath

sources ( WAP DA consurer).

Patertia transfor ners reduce the voltages of bath sources tothe desired val ue, and
the output of the patertia transfor ners or voltage sensors is then supplied to the
bridge rectifier which converts AC voltages into DC voltages.

After filtering the output of bridge rectifier is supplied to mcro-controller, which
subsequently neasures and displays the voltage data of bath sources onthe LCD

The ACS 712 Hill effect sensor is used as a current sensor for neasuring load
current in positive as well as negative direction.

The output of the current sensor is fed to micro-contrdler then cortrdler neasure
and display current dataon LCD

At on peak hour , consunmer load is highthan its generation sointhis case, consuner
source need sone power fromutility gridtofufill load require nent so current is flow
fromutility grid to consuner, the ACS712 current sensor detects this positive flow of

current and give out put to mcro-contradler.



Then mcro-contraler use the data of current, voltage and display for ward power on
LCD

S nmlarly a off-peak hour consumer load is low than its generation soin this case
surplus power is fed back to uility grid hence current is flowfromconsumer source
to uility grid the ACS712 current sensor detect the negative flow of current and give
out put to mcro-cortrdler.

Then nicro-contrdler use the data of current , voltage and display reverse power on
LCD

Fnally mcro-contrdler dspay al data on LCD wth respect to delays added in

source code.

114 Hock dagram
B ock diagramof designed hi-drection energy neter isshowninFgl1l2

DC backup LCD Function
power Button
Voltage sensor f E Voltage sensor

Micro-controller pE—oo oo

- o
current current
SENSOT SENSOr
Source 1 S?”I‘-'f 2
Finite Source ¥ 1 WAPDA
Load 1 Load 2

FHgl-2 Bock Dagramof Devel oped Energy Mter



1 14 1Expl anation

The contrd unit has been developed using a micro-contrdler based board Snce the
system wll be driven by software. Athough a separate mcro-controller is used to
devel op this system( ATME GA 328P) . The system nay be designed by using variety of
current sensor; here a hi-directional Hill Bfect current sensor (ACS712) has been used
This sensor can handl e currents rangi ng bet ween -30 Anps to 30 Anp.

Even though the micro-contraler (AT MEGA 328P) can sense voltage, 220 valts are too
high so 220 vdts cannot drectly fed to the micro-contrdler. Hence, a voltage sensor
circuit uses a step down transfor ner (potential transfor ner) as a voltage sensor.
O splay unit consist of 16x4 LCD which display the outputs of nicro-controller.
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Chapter # 2
Literature Rview

2 Literature Review

21 Rlevant Wrk

A mcro-contrdler, a current sensor, bul bs operating under load, and a display constitue
this paper's work \bltage and current rns values are calcuated and displayed on the
display. The calibrationis then perfor ned wthinthe created soft wvare. The power is then
conputed and shown after that. The drection of the power is then deter mined based on
the drection of the power (positive or negative), which is aso dependent on the phase
difference bet ween the voltage and currert.

The efficiency of the proposed neter greatly depends on the sources of the power flow
The net hill cannat be deter mned if the power incomng fromthe grid and leaving the
generating device cannat be nonitored and saved Alowcost neter has been created for

this purpose, uilizingiters that arereadily availableinthe area [4].

“Mlikarjun G Hude mani “proposed project is aimed at devel oping a particular type of
bi-directional energy meter that tracks net use, exports, and nonetary exchange. It uses a
roof-top system Solar panels are nade wth an MPPT contrdler to provide continuous
power production Rooftop sdar PV systens ae becomng nore practical and
inexpensi ve nowadays, so correct netering is required for bath the usage of any excess
power generated and its export to the grid An enbedded neter that can manage the
energy infor mation and transactions of a honme user may result fromthe suggested mcro
contrdler-based hidrectional energy netering technology. The proposed work nay be
done using current dgtal neters wththe appropriate extra circuitry and measure nents.
Additional communications, such as GS M based sd uions, can provide improved speed

and securityinthe fuure [5].
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Due to the har nful inpacts the har nonics nay have on connected loads, especially
sensitive equipnent, an LCL filter is frequently desired as an addition to grid-connected
PV systens. Due to poor dynamc responses and related costs, it is someti nes nore
difficut to achieve workable filters for very large systens since the val ue of inductance
requiredis proportional to the capacity of the system Ina grid-connected setup, the LCL
filter contributes tolowering the swtching frequency har nmonics bet ween the grid and the
inverter. Wien the si mulated househol d | oad needed exceeded the power provided by the
inverter and vice versa the planned courter-based hi-directional netering efficiently
supplied electriaty fromthe grid creating an overall snart system wth net netering and
billing capacity [6].

To fufill the purpose of using power in a economcal way, renewable energy source
(RES) might be fdlowed by net netering Energy produced using RES one nay fufill
the electrical needs of a household during the interval when they have the ahility to
produce energy. Hectridtyfromthe grid nmay be utilized during the re naining ti re when
RES cannat be used Qustorers who feed the extra energy produce by RES returning to
the gridrecei ve paynent fromutility Inaddition tolowering power costs, this procedure
also saves electricitythat nay be used by anat her user in need

The ter m "synchronization" refers to the process of reducing the variaion in voltage,
phase dfferences, and frequency dfferences bet ween the grid supply and the RES

generaor.

Here are a fewgrid synchr oni zati on techni ques:

Zer o crossi ng detection

Ka man filter

Discrete Fourier Transform
Nonlinear least square
Adaptive Notch Hlter
Atifiad Intelligence

Delayed Sgnal Gancellation

12



B Phase Locked Loop
B Frequency Locked Loop [7]

When the supply vdtage is 230V at upto 50A direct readings by a mcro-cortrdler are
challenging This necessitates that line voltage and current be indirectly measured a a
level sutable for a micro-contrdler and that these readings be re-scaled to yield the
orignal value. Snce atransducer has been enpl oyed to create a voltage proportionate to
the load current, neasuring current in this situation is essertialy conparable to
measuring voltage. Ater that, the real votage and current data nay be calcul ated [8].

A snart energy neter with better t wo- way connectivity wthout data loss and security
fromelectricity theft tactics Regulations governing net netering nay hel p power denand
curves become nore consistert and assist uilities in better nanaging their peak
electricity use. By encouraging generation near the point of consunption net netering
reduces the burden on transfer net works and prevents long-distance losses in electricity

trans mission and distri buti on

The systems graphical user irterface is user-friendly and nakes it sinple for users to
conprehend net energy use. The pri nary drawbacks of snart neter nowavailable on the
mar ket have been nostly sdved thanks tothe usage of online services and SV services.
As aresut, data nmay be sinply accessible online. The ahility of 4 gBee to connect to
other 4 gBee devices and build a circuit nmay be leveraged to reduce price of the neter
fewer GSM nodules wll be needed [9].

This study preserts a snart energy neter for EVs that functions as a smart grid
application The neter neasures and shows the battery voltage, current, and power when
the EV is connected to the grid In addition it shows if the battery is charging or
discharging and whether car is receiving power fromthe grid (&V) or the gid is

receiving it fromthe car (M2G.

Through a 4 gBee wreless connection the datais shown on an LCDshield in addition to
a distant conputer. To test the effectiveness of the suggested nethod, a workable
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pratatype uilizing an Arduino and 4 gBee wreless communication is put into place
Smart neters, bidrectional connectivity, and renmote nonitoring may all be used to
conpute the energy used to charge and discharge EV batteries. Bdrectional snart neter
that neasure bath energy deliveredtothe grid and energy used to charge vehicles shoul d
be installed The electric grids current and voltage wavefor m phase angle dfference
allows for the deter mnation of the directionin which energy is used [10].

In order to lessen the goal of nanaging on nonrenewable energy sources, this artide
stresses the usage of dean renewable energy sources like the sun The study aso
includes a suggested concept for using a net neter toirntegrate PV arrays with the supply
grid Followng residertial use, the extra energy generated by the sdar panels is fedino
the electric network via the sdar panels erected on the roofs of retail structure. A a
result, thereis asignificant decrease inthe net energy uses of power system

After the PV nodule, a boost converter is used to increase the voltage level to the
necessary level. A cascaded Hbridge inverter is then used to decrease sinusoidal
instability in the inverter's ouput. A a resut, the quality of energy also enhances,
meeting a key custoner requirenent. The level of MU can be raised to further enhance
the power quality [11].

Inthis study, the power and energy generated by PV systens are cdlected online inreal
ti ne using a web-based net energy nonitoring system The gathered information is nade
available on a website that is al ways accessible and may be further eval uated opti mzed,
and nade nore effective. The power and energy generated by PVsystens are gatheredin

real ti ne and online using the web-based net energy nonitoring system

The PZEMOO04T sensors used by the net energy metre syste mhave read voltage, currert,
power, and energy created a the inverter ouput termnal and load ter mnal. These
numnbers can be used to calculate the net energy export to or i mport from uilities. The
measurenent data may be instantly recorded on the dient conputer thanks to the
systems data logger capability. Wien conpared tothe Hoki 3286-20 clanp neter, the
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PZEM Q04T results show a fair degree of accuracy wth an average power dfference of
0.29%][ 12].

The trenendous growth in energy requirenent is sinply naintained wth themas they
are conpatide wth renewable energy sources including sdar, wnd, tidal, and
geather nal energy are readily available in abundance. Wen electricity is added to the
systemoutside of peak time, Net netering an nodern netering or charging nethod, can
runthe neter backwards, alowngthe consurmer to sell units.

Inthis study, several Bus22 instances onthe feeder for A TY-3 using sdar net- netering
mechanisns are undertaken, and essential anal yses, including as study of cscillation and
load circul ating anal ysis, are also done onthe ETAP soft ware. The Bus22 is chosen based
on MEPCOs net- netering status. A seenin Qut of Contrd, nany loads are linked to an
N Mnet wor k transfor ner [13].

In conparison to conventional energy systens, smart neter technologies and ot her
extensi ve applications supported by SEM provi de i npressive benefits.

Further nore, it is getting easier to predict how REBN wll advance. A biodegradable
foundation wll let power neter to becone smarter and considerably nore flexibe in
whi ch additional functionalityisintegrated by addi ng new nodul es, and the franework is
constructed as an open franework Additionally, anaher aternative is to install a SEM
unit in aher appliances to carry out the snart netering function The fundamental route
of developnent for DH and NG networks as well as power grids is "snarter™ or "nore
inelligent" REBNs [14].

Inthis study, asnart bidrectional neter powered by the Internet of Things (10T) that can
operate in prepaid and postpaid nodes that islinkedto or islanding on asnart grid wth
inegrated renewable energy is described. This artide explains why errars found using
positional data wthout using the Qobal Positioning System ( GPS). This snart gadget
cuts off power and sends the appropriate datatothe server when a user uses nore energy
thanis available. The nain micro-contrdler for this investigation was an AT mega328pu,

and the ESP8266- 12E was used for datatrans mssion and recepti on fromthe server [15].
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An inverter is required to disconnect the grid when the frequency changes sink P\5
connected tothe gridrequire a constart frequency to function In order toreturnthe grid
toits nor mal frequency, real dectricity needs to be transferred there as soon as feasibe.
When active power and load de mand are equal at given ti nes, the frequency is constart.

Up urtil energy supply and denmand are equal, al active and reactive power defidencies
must be nade up for [16].
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Chapter # 3
Co nponents Description

3. nponents DCescri ption
This project “Designing of bi-directional energy meter for neasuring reverse power

flow’ consist of the four har dware unit:
1 Power supply unit

2 Contrd unit

3. Dsplay unit
4

Load unit

3 1 Power suppy unit:

The circut wll get electricty fromthis unit. A PSU power supply, power pack or
power converter is a device o systemthat provides electrical energy to a power
monitoring system For our prgect, we require 5V and 12VDx, thus we use arectifier and
regul aor.

Power supply unit consist of fdlowng conponents

e Sep down transfor ner

e Bridge rectifier

e (Capacitor

e Resistors

\Wltage regulator LM/8051C

3 11 Sep down transfor ner

A transfor ner that adj usts the vdtage a the primary and secondary wndings from hi gh
to lowis known as a step-down transfor ner. In terns of coll wndings, a step-down
transfor ner's nain wnding has nore turns than the secondary wnding A conventional

step-down transfor ner is shownin Ag 3 1.
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Step Down Transformer

- -

P— Ve
Ve SEE Np Ns o 8
| ! :
Primary N N — y Secondary
Winding Winding
VP > VS Np > Ns

Fg21 Sep Down Transfor ner [17]

3. 12 Bridge rectifier
In order to effidently convert aternating current (AQ to drect curent (DO, bridge
rectifiers, a type of ful-wave rectifier, use four o nore dodes in a bridge circuit

configuration Abridge rectifier's basic architecture is shownin Hg 32

§ Load

0 -
ov

Hg 32 Bridge Rectifier Greut [18]

3 13 Qapacitor

A device called a capacitar has the capacity to store energy inthe form of an electric
charge. Athough a capacitor's energy staorage capacityis around 10 000 times lower than
a batterys for agvensize, itis nevertheless hel pful for many dfferent drcuit designs.

In order to keep the DC val ue constart, the out put filter capacitor of a DC power supply
must reduce power ripple. Due totheir DC val ue, these capacitors are really retaining a

significant anount of energy that is never uilized
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The best eectrdytic capacitars for PSUs arethose rated a 105 degrees Celsius since they
have a longer lifespan than those rated a 85 degrees Celsius. & course, the capacitor's
maker is inportarnt; Japanese- made capacitars are al ways the best option Dfferent

synbols of capacitors are shownin Hg 33

o s
'l I 7_

Fixed Capacitor Polarized Capacitor Variable Capacitor

FHg 33 Synbols of Gapacitors [19]

3. 14 Resistor

The most comnonly used electronic conponent is aresistar. Its main responsibilities are
li mting electrical current flow when necessary and ensuring that the proper vdtage is
applied to a conponent. In ohns, resistance is neasured However, as one ohm
represents a relatively low resistance, resistance is typically nmeasured in kilo or nega
ohns (1000 or 1,000 000). Atypical synbol and resistor is showninFHg 34

Sy ool

Hg 34 Resistor [20]
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3 15 \Wltage reguator LM8051C

It belongs to the LIMPF8XX series and has received favorable feedback 5 VDC is its
output, while 6 VDC to 12 VDC is its input. The regulator functions si mlarly to a
voltage dvider or potertioneter, continuously show ng the dfference between the input
and the output voltage that has been contraled When the LIM/805 s input votages are
higher than 12 VDG excessive heat is produced that might har mthe regulator, or when
they are lower than 5 VDG insufficient votages appear at the input. \bltage regulator is

showninFHg35
-
LM7805
Input 1 2 3 Output
FHg 357805 Wltage Regu ator [21]
32 Qontrd unt

Contrdling unit consist of

e AT MEGA 328P Micro-contraler

e Hall effect current sensor ( ACS712)

e Potential transfor ner as a voltage sensor
e (rcuit Beaker

e Hlters

® \ariableresistor

321 A nega 328P micro-controller

A single-chip mcro-contrdler belonging tothe mega AVR famly, the ATmega328 was
devel oped by A el (later Mcrochi p Technol ogy acquired A nel in 2016). It has an 8-hit
RI SC processing core wtha nodified Harvard architecture. A nega328 micro-contrdler

isshowninHg36
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1 Specificatiors:

The 8hit AVR based micro-contrdler from At nel includes a serial programmable
USART, a byte-oriented 2- wre seria irnterface, an SPl serial port, a 6-channel 10-bit AD
converter (8 channels in TQFP and QFN ML_F packages), irternal oscillaor ti ner, 1 KB
EEPROM 2 KB SRAM 23 general-purpose 1/ O lines, 32 general-purpose working
regsters, 3 flexibe ti ner/counters wth conpare nodes The deviceés operating voltage
range is 18 to 55 volts. The systems performance is dose to 1 MPY MH HAn
configuration of ATMEGA32P micro-contrdler isshowninFHg37

Hg 36 A nega 328P Mcro- Gontrdler [22]

{RESET) PC6 [1_|

(RXD) PDO [2 ]

(TXD) PD1 [3_]

(INTO) PD2 [4|

(INT1) PD3 [5 |

(XCKIT0) PD4 [6 |

vce [7 ]

GND [8]
(XTAL1/TOSC1) PB6 [9 |
(XTAL2/TOSC2) PB7 [iD
(T1) PD5 [i1]

(AINO) PD6 fiZ]

(AIN1) PD7 i3]

(ICP1) PBO fi4]

ATMEGA 328P

28 PC5 (ADCS/SCL)
|27 PC4 (ADC4/SDA)
26 PC3 (ADC3)
(25 PC2(ADC2)
24 PC1(ADC1)
23 PCO (ADCO)
22 GND

21 AREF

20 AvcC

19 PB5 (SCK)

18 PB4 (MISO)
(17 PB3 (MOSI/OC2)
16 PB2 (SS/OC1B)

[15PB1 (OC1A)

FHg 37 ATMEGA 328P Hn Gonfiguration [23]
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2 Features:

Basic features of A nega328P micro-contrdlerisshownin Table 31

Table 31 Features of AT MEGA 328P Nicro Contraller

CPUtype 8-hit AVR
Maxi mum CPU speed 20 MHz
Perfor mance 20 MPS a 20 MH
Hash e nory 32KB
SRAM 2KB
EEPROM 1KB
Package pin court 28 or 32
Capacitive touch sensing channel 16
Maxi muml/o pins 23
External irterrupts 2
USB interface No

3 Advantages of wing AT MEGA 328P nicro-controller

m As conparisonto 32 and 64 hit processor, which are nore dfficult to use, 8 and 16
bit processar are si npler.

m Containing 32 kilobytes of onboard self-programmable flash nenory and 23
programmable I/ Olines, it nay be used instantly wthout the addition of any o her
conputer conponerts..

m  Due tothe drect connection of adl 31 registerstothe arithnetic logic unit (ALU)., it

is code-efficient and 10 times faster than convertional d SC mcro-cortrdlers.
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m  The enhanced R SCinstruction set for AVRIis opti mized

322 HHll effect current sensor (ACS 712)

Hall Hfect Sensors are a form of transducer that may convert nagnetic input ino
electrical signals for further processing by an electronic drcuit. Gommonly, current
sensors enpl oy the Hall Effect to convert currert inputs irnto voltage out puts.

Hectrons froman electric current flowthrough a magnetic field pdate inthe Hill HEfect.
The fieldthen "pushes™ the electrons to one side of the plate, creating a voltage difference
bet ween the t wo sides. The voltage dfference fromthe platés side controls the sensor's
out put..

The ACS712is acurrent sensor that can work onboth ACand DC This sensor generates
an anal ogue voltage output proportionate tothe measured current when driven by a 5V
source. Anunber of carefully calibrated hall sensors are janed by copper cables to for m
this system Hn configuration of ACS712 current sensor isshownin Fg 38

5
8
1 e
1P+ m V.
Hips vioUT—o ™" L ¢,
I 0.1 uF
Ip ACST12 o
i =
3ip- FLTERF— z
4 F
= 1r
| EiF‘ — nF

FHg 38 ACS 712 An Qonfigurations [24]

This sensor has a 5V \ec power supply, a Mc x0.5 =25 output vatage, and a OAI nput
currert. There are three different varieties based on the readable current range: 5A 20A
and 30A These have output sensitivity values of 185mM A 100mV A and 66 m\ A
respectively. Snce the output of this current sensor is analogue, we can read it using
either a vdt neter to neasure the output voltage directly or an Aduino or aher nmicro-
contrdler having an analogue read pin or an anal ogue to digtal converter (ADC) pin

ACS712 current sensor module is showninFHg 3.9
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FHg39 ACS 712 Current Sensor Mbdul e [25]

3.2 3 Potentid transfor ner

The definition of a patential transfor ner is an instrunent transfor ner converts voltages
fromone value to anather value. This transfor mer li nits the voltages so that it is safe
val ue that can be easily measure by a volt neter, watt neter, watt-hour meters, or ot her
common low voltage instrumnent.
Potertial transfor ners are basically step-down transfor ners that are enpl oyed to reduce
voltages to a specified or safe level. For the purpose of neasuring the phase voltages in
our proect, ve uilized a patertial transfor ner. Atypical Patentia transfor ner is shown
inFHg310
Feat ures:

e Primary voltages: 220V AC

e Secondary vdtages: 12V AC

FHg 310 Potentid Transfor mer 220 Vto 12V [26]
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324 QGrcut Breaker

An electrical safety device known as a drcut breaker is a swtch that auwonatically
blocks the flow of current in an overloaded electrical drcuit, ground faults, o short
circuits. Fratective relays detect a problem causing circuit breakers to "trip* and cut off
current flow GQrcut lbreakers are often nat danaged, therefore they may be reset as
opposed to being replaced, in cortrast to the fuses that were for nerly utilized Grcuit
breakers are uilizedin both hone and comnercial settings.

Inthis prgect we use M niature Greuit Beaker ( MCB). The delayed ther mal tripping
mechanis mfor overl oad pratection and the magnetic tripping mechanis mfor short drcut
protection are bath features of MCBs. Miniature circut breaker shownin FAg 3 11

1*1®]]e . 3

Sl

FHg311 Mnature Grecuit Breaker [27]

-
“«

3.25 Hlter

Hlters are used to create a sroath dc out put after dc rectification wth alternating current
power. A filters, capacitars are used Inthis projedt, smooth dc voltage was generated
using capacitors of 100 uF and 25 \/ which were then delivered tothe m cro-contrdler

and ot her crcuts.
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3.26 \ariaHde resistor

Variable resistars are defined as resistars whose electric resistance val ue may be altered
A variable resistar is essertially an Hectro- Mechanical transducer since it works by
moving a contact (wWper) across a resistive elenment. It operates as a variable resistance
and is known as a rheostat when just two ter mnals are presert. 3 nmlarly when three
ter mnals are used then it is known as patentiometer. Inthis prgect it is used to cortrd
the contrast of LCD \ariable resistor shownin Hg 312

FHg 312 Variabe Resistor [28]

3.3 Dsday unt

DO splay unit consist of an 16 x 4 LCD which is used to dsplay the outputs of nicro-
contrdler. The liqud crysta dsplay, o LCD relies on the liqud crystas light
modul ation capabilities. It is offered infla panel displays, video displays, and electronic
visibe dsplays.

331 16x4LCD

The dot matrix liquid crystal dsplay nmodule isa 16 x 4 character LCD nodule that is
specifically designed to show letters, nunbers, synbols, ec A16 x 4 LCD display is
capable of showng 4 lines of tex wth 16 characters per linee. A16 x 4 Lcd nodule
showninFHg313
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Features and Specificatiors:

= Display for mat 16 x 4 character

= Qutline d nension 87.0( W x 60 (h) x125(t) nm
= Mewng drection 600

= Backight cdor green

= Power supply 35/ 5V

= Supply current nmax 1800 micro anpere

Fg313 16 x4 LCD[29]

3.4 Load Unit

Load unit consist of series of incandescent light bul bs. Typical incandescent light bul bs
areshowninFg314

\;/ ‘g g

H g 3 14 Incandescent Light Bu bs [30]
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CHAPTER # 4

Project layout and Soft ware
S mul ation
4. Project layout and soft ware si mul ation

Soft ware si milation is done on Prateus soft ware and in which virtual connection is used

to darify conponents connects.

4.1 LCDinterfacing wth micro contraler
Interfacing of LCD wthmicro-contrdlerisshowninFHg4land Hg42

m 16 x4 LCDis usedto dsplay data

m  Pin\&s, R Ware ground toget her..

m  Pin RSisconnectedto microcontrdler & pins 12

m PinEod LCDis connectedto mcro contrdler a pins 13

m The data pin D4, D06 D6 D7 of LCD is connected to micro cortrdler pins
14, 15,16, 17.

LCD1 Ut
LMO41L 2 rovmiorchTis PROICICLKORCIT) (2 75
2 AOITXORONTI PRIOGIARCIT! (12— €
L poommopciris PROSSIOCIERCNT (=1 04 e
1 POSINTIOC2BRCINTIS - PESMOSUOCARCITS [+15—{ 05 |
L POATOCKPCNT PEAMOCNT: (15— 0g
2 POSTHIOCIBRCNT2 PESISCKRCINTS {=1—(5 07 Wi B
e POGANOOOIAPCINTZ2 PERTOSCIATALFCITS (-1 | b
2] pOTANPONT2S  PRTTOSCHXTALZPCINTT - )
2 (% | CRYSTHy
2 e PCOADCORCITS |22 o7
AVCC PCHADCFCINTS (22— CT2
T PCZIDCZRCINTIO F=s—F ¢T3 veg - Z20F
71 4006 PCGADCIROINTH! (-2 gt
20 e PCAADCASDAPCINTH? {25
PCSIADGSISCLIPOINTI3 == i3, R1 i
PCGRESETPCINTHA

ATMEGA328P

Hg41LCD Interfacing

Hg4 2 Ncro Gontraler Gonnections
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4.2 Interfacing of Ac voltage sensors wth micro-controller
4.2 1 Voltage sensor 1.

Interfacing of \oltage Sensor 1 wth Nicro Controller isshownin Hg4 3

m  Astep down (patentia transfor ner) is used as a voltage sensor. It step down 250 V
tol2 Vv

m  FHrst of al phase 1 (P1) and neutral (NL) of source 1/ source 2 is connected to
pri mary side of patentia transfor ner 1

m  Secondary vdtages of potertial transfor ner 1 are given to bridge rectifier for the
conversion of acto dc.

m  Nowcapacitoris usedtosnoaththe output dc voltages of bridge rectifier.

m  After that bridge rectifier output is connectedto voltage divider crcuit.

m  This voltage divider drcuit converts 12 vdcinopure 5v dc.

m Thenthis5vdcisfedtomcrocontrdler a pin 26.

) AC VOLTAGE SENSOR_pf
I_D - BR2

—ICJ

|—|>N1 TRAN-2P25 BRIDGE | 10uf

Hg 43 Interfacing of Wltage Sensor 1 wth Mcro Contraler

4.2 2 \Voltage sensor 2

Interfacing of \oltage Sensor 3 wth Mcro Controller isshowninFHg44
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m  Astep down (patentia transfor ner) is used as a voltage sensor. It steps down 250 V
tol2 V

m Phase 2( P2) and neutral ( N2) of source 1/ source 2is connectedto pri nary side
of patertial transfor mer 2

m  Secondary votages of potertial transfor ner 2 are given to lbridge rectifier for the
conversion of acto dc.

m  Nowcapacitoris usedtosnoaththe output dc vatages of bridge rectifier.

m  After that bridge rectifier output is connectedto voltage divider drcuit.

m  This voltage dvider drcuit converts 12 vdcinopure 5v dc.

m Thenthis5vdcisfedtomcrocontrdler a pin 27.

i AC VOLTAGE SENSOR_p2
,_D i BR1

I—[} N2 TRAN-2P25

Hg44Interfacing of Wltage Sensor 2 wth Mcro Contraler
4.2 3 Voltage sensor 3:
Interfacing of \oltage Sensor 3 wth Mcro Controller isshowninFHg45

m  Astep down (patentia transfor ner) is used as a voltage sensor. It step down 250 V
to12 V

m  Phase 3 (P3) and neutral (N3) of source 1/ source 2is connected to pri mary side of
poterntial transfor ner 3

m  Secondary voltages of potertia transfor ner 3 are gven to bridge rectifier for the
conversion of acto dc.

m  Nowcapacitoris uisedtosnoaththe output dc valtages of bridge rectifier.

m After that bridge rectifier output is connectedto voltage divider drcuit.
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m  This voltage dvider drcuit converts 12 vdcinopure 5v dc.
m Thenthis5vdcisfedtomcrocontrdler a pin 28.

AC VOLTAGE SENSOR_p3

BR3

I—[> N3 TRAN-2P25

Hg 45 Interfacing of voltage Sensor 3 wth Nicro Contraler

4.3 Interfacing of current sensor wth Mcro Gontraler
4.3 1 Current sensor 1:

Interfacing of current sensor 1 wth mcro cortrdler is shownin Hg 46

m  ACS712 hall effect current sensor is used

m  Phase 1(P1) of source ¥/ source 2is connectedto | P+ter mnal of currert sensor 1

m  Ac anpere neter is usedinseries wth phase 1 and IP+ter mnal of current sensor 1

m  Now one termnal of lcad is connected tothe IP- ter mnal of current sensor 1 and
second ter mnal of loadis connectedto neutral N2 of source 1/ source 2

m  Now \tcis provided a ter minal 8 of current sensor 1

m  FHnaly VOUT termnal or 7pin- termnal of current sensor 1is connected to nicro
contrdler pin 23

U4 J
P+ voe =2

WVIOUT
FILTER
1P- GHD

ACSTI12ZELCTR-05EB-T

f ]

Hg46 Qurrent Sensor 1
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4.32 Current sensor 2:

Interfacing of current sensor 2 wth mcro contrdler isshownin Hg4 7.

ACS712 hall effect current sensor is used

Phase 2 (P2) of source I/ source 2is connectedto I P+ter mnal of current sensor 2.
Now one ter mnal of locad is connected to the IP- ter mnal of current sensor 2 and
second ter mnal of loadis connectedto neutral N2 of source 1/ source 2

Now \tcis provided at ter mnal 8 of current sensor 2

Fnally M OUT termnal or 7pin- ter mnal of current sensor 2 is connected to micro
contraler pin 24

2 |
p2—22 1 pr yeo |2

11 VIOUT ————>= ct2
aF FILTER
P GMD

ACST12ELCTR-05B-T __|
L2 +

12V

M2

FHg47 Qurrent sensors 2

4.3 3 Current sensor 3:

Interfacing of currert sensor 3 wth micro cortrdler isshowninFAg48

ACS712 hall effect current sensor is used

Phase 3 (P3) of source 1/ source 2is connectedto | P+ter mnal of current sensor 3.
Now one ter minal of lcad is connected tothe IP- ter mnal of current sensor 3 and
second ter mnal of load is connectedto neutral N3 of source 1/ source 2

Now \tcis provided at ter mnal 8 of current sensor 3

Fnally M OUT termnal or 7pin- ter mnal of current sensor 3is connected to mcro
contrdler pin 25
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3 T
Pz [—12 | p. VCC

8
VIOUT '; [ ct3
FILTER
21 1. GHD |—2
ACST12ELCTROSB-T _ |
L3 4
312V

M3

FHg 48 Qurrent sensors 3

4.4 Overdl drcut si nulation
CASE # 1: Whensource 1ison

Wien source 1is onthen overall drcut si milationisshowninFAg49

SOURCE1

SOURCE2

= =
Gt o1 B

PRAZE] 52 PHAZER 52 PRAZED 53
w v w

[a 1] lc
LT 44 32
Pa Pl Pc
886 76 128

v 93 3k maadsms

FHg49 Overal Grecuts When Source 1is on
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CASE # 22 When source 2is on

When source 2is onthen overall drcuit si mulationis showninFg4 10

SOURCE1 SOURCE2

ONRNEE = CRRED =R 250

%ﬂ“w %ﬂir %um- G P
AC VOLTAGE SENSOR_p1 -

FHg 410 Qreral Grcuts When Source 2is on

LCDA1 LCD1
LMO41L il

vec| 88H 2Z, szuzzs35

--:_l

1

e o &8 85

FHg41l Qutput Wien Source lison Hg412 Qutput When Source 2is on
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CHAPTER #5
Design and | npl e mentation

5. Designandi nplenentation
Conplete prgect consist of fdlow ng unit:

PCB desi gni ng

\oltage sensor or Patertial transfor ners and their connections
Bridge rectifier arcut

ACS 712 CQurrent sensors and their connections

M cro-contrdler irterfacing wth LCD

Current transfor ner interfacing

Synchroni zation nodul e

o N o 0o~ w DN P

Loads unit connections

51 PCB Designing
The conplete PCBlayout of maincircutisshowninFg51

[l
= #
I e B
=1l vy 1
. & 1
o

B

N

E
H
H

Hg51PCB Layout of Main Grecut
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Step Down Transformer Bridge Rectifier

Atm ega 328P Voltage Re gl sdator
T T Micro-Controller e

v

v v

ACS-712 Current Sensor 16 x4 LCD

FHg52 Hardware PCB of Min Grecut

5.2 Voltage sensor or Potentid transfor ners and thei r connections:

Patential transfor ner is shownin Ag53.

" SUPPER WORLD
"IN PUT 230VAC 5O0H=z
| our PuT SVA

FHg 53 Potentid Transfor ner
521 Explanation

A 220\ 4.5V step-down transfor ner is uilized in this prgect. This transfor mer reduces
theinput 220Vto 45 V Inorder toconvert 45 ac votsino pure dc, a bridge rectifier is
attached tothe step-down transfor mer's out put.
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5.3 Bridge rectifier crcuit:

Bridge rectifier drcuit isshowninFHg54

FHg54 Bridge Rectifier Greut
531 Explanation:

Bridge rectifiers are used to convert 45 VACinto 45 VDC In a bridge rectifier drcuit, a
100- microfarad capacitor is used for s oot hing purposes, which eli minates ripples inthe
out put of the bridge rectifier. Inthis circuit, a variable resistor is also used to naintainthe
out put of the bridge rectifier & 45 Vdc.

54 ACS 712 Qurrent sensor and its connection:

ACS 712 Qurrent sensor isshownin Hgh5

FHg55 ACS 712 Current Sersor
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541 Explanation:

The ACS-712 hall effect current sensor valtsis utilized inthis prgject. Both positive and
negative currents are neasured by this current sensor. This current sensor's DC offset is
5V The phase is linked to the I P+ter mnal inthis sensor drcuit. Che conmon load unit
ter mnal is linked tothe IPter mnal, while the second load unit ter mnal is connected to

the neutral. An 23 of the micro-contrdler is linked to the Vout output of the ACS712
current sensor.

55 Mcro-contrdlerinerfacing wth LCD
Interfacing of A mega 328P Mcro-contrdlerisshownin Hg56

SR LI «JHD 1} ve

-
=
-
»-
=
E.
-
L
-
-.
-
»-
o1
.
re.
.

Hg56 A nega 328P Mcro- Gontraler Inte
551 Explanation:

e 16 x4 LCDis usedtodsplay data

e Pin \&s, R Ware ground toget her..

e PRin RSisconnectedto mcrocontrdler & pins 12

e PRinEodf LCDis connectedto mcro contrdler & pins 13

e The data pn D4, Db D6 D7 of LCD is connected to micro cortrdler pins
14, 15 16, 17.

38



56 Current transfor ner i nterfaci ng:

Interfacing of currert transfor ner is showninHg &7

Hg57 Qurrent Transfor ner Interfaci ng

561 Explanation:

Inthis prgect, wound currert transfor ners are used to neasure the input current of both
the WAPDA source and the finite source. A phase is si nply passed through a current

transfor ner's halowspace, andthe current flowng through the phase isthen neasured

5.7. Synchroni zation nodul e:

Synchroni zation noduleisshownin Fg58

gV e
[S3e 2/ e
>

BT 4 DU I
ganJ

%)
%)

H g 58 Synchronization Mdue

57 1 Explanation
In synchronization nodule zero-cross detection nethod and phase locked loop nethod is
usedto synchronize WAP DA source and firite source.
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5.8 Loads unit connections:

581 Explanation

Inthis prgect we use incandescent light bulbs asaload Tatal sixincandescent bulb are
used and give cunulative load 580 W V¢ can vary this load by tuning on or off
swtches. These loads are connected wth current sensor and sources. Load unit is shown
inAg59

FHg59 Load unit

59 Conmmlete Hardware:
591 Explanation

Conpl ete hardware consists of main neter drcut, synchronization circuit, current
transfor mers, Grcut breaker, loads unit and swtches.

FHrst of all WAPDA source and consumer source are linked together and synchronize
automaticallyin synchroni zation circut. Patertia transfor ner is used as a voltage sensor
for nmeasuring input voltages of bath sources ( WAPDA consumer). Patertial
transfor ners reduce the voltages of bath sources tothe desired val ue, and the output of
the patertial transfor ners or voltage sensors isthen suppliedtothe bridge rectifier which
converts AC voltages into DC voltages. Ater filtering the output of bridge rectifier is
supplied to micro-controller, which subsequently measures and displays the voltage data
of bath sources onthe LCD The ACS 712 Hill effect sensor is used as a currernt sensor
for measuring load current in positive as well as negative drection. The output of the
current sensor is fedtomi cro-contrdler then controler neasure and display current data
on LCD
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At on peak hour , consumer load is high than its generation so inthis case, consumner
source need sone power from utility grid to fufill load requirement so current is flow
from utility grid to consurmer, the ACS712 current sensor detects this positive flow of
current and give output to mcro-contrdler. Then mcro-contrdler use the data of
current , vatage and display forward power on LCD

S mlarly & off-peak hour consuner loadislowthan its generation sointhis case surplus
power is fed back to utility grid hence current is flowfromconsumner source to uility
grid the ACS712 current sensor detect the negative flow of current and give output to
m cro-contrdler. Then micro-contrdler use the data of currert , voltage and display
reverse power on LCD R nally micro-contrdler display all data on LCD with respect to
delays added insource code. Conplete hardware shownin Hg5 10

Load Unit

Current
Transformer 1

Finite Source

1jeag unxud

=

Main Meter Synctwonizirg WAPDA source > (Current Transformer 2
circuit

FHg510 Gnplete Hardware
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Chapter # 06

Resuts and Dscussion

6. Resuts and Dscussion

6.1 Resuts:

By the grace of Alah Am ghty, we successfully designed a bi-directional energy neter

that neasures forward and reverse power. The table 6 1 and output picture of hardware

serve as proof of this.

S1: Hnite source

S2: WAPDA source

TABLE 6.1 Qutput at Different | oads

Load I nport

power

580 W 171 W

520 W 120 W
480 W | 78 W

400 W, 2 W

Export
power

ow

ow

ow

ow

Power
flow

S2to S1

S2to Sl

S2to Sl

S2to S1
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Load I nport

power
360 W, 0W
30wW, 0WwW
260 W| O W
200 W, O W

Export
power

28 W

79 W

117 W

172 W

Power
flow

Slto S2

Slto &2

Slto S2

Slto &2



6.2 Dscussion:
Forward Power Masure nent :

Case #1:. When 580 W Load is Gnnected

When we connect 580 W1 oad then neter show 171 Wi nport power , which neans that
the finite source getting 171 Wpower from WAP DA to fufill load requirenent. Qut put

is showninHg6 1l

Hg 61 Qutput When 580 WLoadis Gonnected
Case # 2. When 520 W Load is Gnnected

When we connect 520 W load is connected in this case finite source i mport 120 W
powver from WAPDA In ths case load uilize 400 Wpower fromfinite source and
remaining 120 Wpower isi nported from WAPDA Qutput shownin FHg6.2

Hg62 Qutput Wen 520 WLoadis Gonnected
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Case #3: When 480 W Load is Gnnected

When 480 W/load is connected then finte source need 78 W power inport from
WAP DA to fufill load requirenent. Inthis case load uilize 402 Wpower fromfinite
source and 78 Wpower from WAPDA Qutput isshownin Hg63

IMP_E:—-6.98

IMP_P:78.37
ExXP_E:8.0600
ExXF_F:B.806

FHg63 Qutput Wen 480 WLoadis Gonnected

Reverse Power Masure nent :

Case # 4. When 300 Wl oadis Gnnected

When 300 WIload is connected then neter show 79 Wexport power which neans that
finte source fed back surplus 79 Wpower to WAPDA. Qutput isshownin g 64

Hg64 Qutput Wien 300 WLoadis Gonnected
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Case #5: When 260 W Load is Gnnected

When we connect 260 Wl oad, inthis case finite source fufill load requirenent and g ve

260 W power to load hence surplus 117 W power is exported to WAPDA which is
reverse power. Qutput isshown Hg 65

FHg65 Qutput Wen 260 WLoadis Gonnected

Case # 6. When 200 Wl oadis Gnnected
When 200 W load is connected then finite source capable of handling the load

requirenent and hence finite source provide 200 Wpower for load so surplus 172 W
power is exportedto WAPDA Qutput isshownin Fg66

IMP_E:—8.49

IMP_F:8.80
EXP_E:7.69
EXP_P:172.80

Hg66 Quput Wien 200 WLoadis Gonnected
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Chapter # 07
Environmental and Societa Aspects

This chapter is al about the environnental and societal aspects that nay be occurred in
our prgect and wll affect society.

7.1 BEvironnental Aspects:

Environmental aspects are those elenents of an organization or organization's actities,
product or services that could have a significant effect onthe envronnent. Qur prgect
plays a vta rde for handling problens in environnent because of its effective energy
measurenent.. In our project, an energy neasurement includes the environnental aspects
of energy efficiency, record energy usage, nonitor power generation estimate the cost of
energy and inproved safety. Sone major aspects of this project that affects the
environnent positively are dscussed bel owin detail.

7.1 1 Qean and Safe:
This prgect is environmental friendy, neat and clean because there is no produced
polluion during working. This prgect is very safe because al the circuit irside the

insulation hard plastic body sothere is no shock hazard produce during working ti ne.

7.1 2 Qost/ Enhance effidency:

Many contributions are made to reduce the energy shortage and boost the effecti veness of
the power nonitaring system The tiny renewable custoner energy sources should be
connected tothe main grid wthout reducing syste mefficdency, the neasurenent device
should be efficdent enough that only mini nal losses occur. Qur neter has a very high

efficdency and a very lowirternal power |css..

7.13 Environnenta susta nahility:

Qur reliance on sdar energy for the generation of electric energy is a najor factor inthe

enhance ment of sustainable resource usage. Gow ng atertion and study are being done
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onthe long-ter mviability of hidirectional energy neter vs traditional static energy neter
in poor nations.

7.2 Societad Aspects:

Societal aspects are the effects of a business or organizatiors actiwties, products, or
services on society. These can include economc inpacts, socia inpacts, and
environnental inpacts. Ay bi-drectional energy neter delivers a nunber of
environnental benefits. It mainy record energy usage, nonitor power generation,

esti mate the cost of energy and i nproved safety:.

7.2 1 Enhance Safety

Grcuit breakers and isolation circuits in this project have reduced the frequency of
mshaps, inuies, and dangers to operators o workers while causing mni mal
inconveniences. It can offer features like monitoring energency response, and
preventionthat are rarely seenin nanual skills.

7.2 2 Reduction of hills

A bidrectional neter enables consuners to particpate activel yin energy production The

bill is reduced by exporting self-generated energy tothe grid

Mont Hy bill =(energy imported —energy exported) *retal rae................. Eq (71

7.2 3 Change in Education:

The drastically atered criteria have required a radical transfor mation in education The
fdlowng are the essential instructions for operating an autonatic system

B Educate the popul ation and future generati ons

B Devel op know edge and skills.

B ethods and educational phil osophy

7.2 4 Changingin Labor:
The main discussion of the inpending transfor mation has been on how human
labour wll alter in an automated world In fact, 50% of all tasks that indivi duals

are presently paid to acconplish can already be automated thanks to existing
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technol ogy. For individuals who can utilize them they also fundamentally alter
present business structures and producer-custoner relationships and generate new

job prospects. It denctes arequirement for knowl edgeabl e and professional labour.

7.2 5 Enhanci ng Busi ness:

Making inprovenents and putting new software into use to run the automated
systemand communication system nmay also help athers gain useful insight into your
conpany. By sharing updates on our progress, we can acknowedge our
transfor mation and uilize this method to wn over new clients and earn the trust of

our current ones.

7.3 Mipp ng of FYDP wth SDGs:

The Sustainable Developnent goals (SDGs) are a set of 17 interconnected d obal
objectives that together provide a "Hlueprint to achieve a better and nore sustainable
fuure for dl™. They are irtegral and indivisible in order to balance the three pillars of
sustainable developnent—economc, social, and environnental. The mappings of the
SDGs toour final prgect (FYDP) are shownin Table 7.1
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“Designi ng of hi-directional energy neter for me as uri ng reverse power flow”

GOAL 0%
GOAL 02
GOAL 03:
GOAL 04
GOAL 05
GOAL 06:
GOAL 07
GOAL 08:
GOAL 09:
GOAL 10:
GOAL 11
GOAL 12
GOAL 13
GOAL 14
GOAL 15:
GOAL 16:
GOAL 17:

Table 7.1: Mippi ng of FYDP wth SDG

Project Title

No Poverty

Zero Hunger

Good Healthand VélI-Being

Quality Education

Gnder Equality

Qean Wdter and Sanitation
Afordable and dean Energy

Cecert Work and Econonic Gowh
Industry, Innovation and I nfrastruct ure
Reduced Inequality

Sustai nable Qties and Co mmunities
Responsi bl e Consunption and Production
Qi nate Action

Life Bl owWater

Life on Land

Peace and Justice Srong Instititions

Partnershipto Achieve the Goal
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Chapter#08

Concl usion and Future Suggestions

8 ncl wsion and Fut ure Suggestions

8 1 nclusion

This prgect “Designing of hi-drectional energy meter for neasuring reverse power
flow’ is very efficient ,low cost, reliable and attractive for consumers. This designed hi
directional energy neter measure and record the two tariff energy i nported and exported
by/tothe small energy producer. A the end of each hilling period consumer have ataal
record that how much power is consuned by itself and how much power is deliver to
WAP DA This prgect fulfill the Net Mtering mechanismin order to reduce electridaty

bills, encourages the consurmner totake part inenergy regul ation reduce hills.

This prgect not only activates consuners to participate in energy nanagement but also a
secure contrd systemto set and swtch load according to their need and choice. A a
scope for fuure, additional communi cations like GS M based i npl e nentations can ensure
hi gher perfor nance and security.

8 2 Future Suggestions
> Power Quality Mpnagement System Load shedding contrd system and Load
manage ment system In order to do load shedding, load sharing bet ween different
sources and load nanagement autonatically.

Masuring reverse power flowthrough wreless syste msuch as SCADA
B -directional Gommunication bet ween consuner, uility and Energy Mter
Notify Power Factor change instantly, whichis good for studyi ng nature of Load
Security syste msuch as Theft detection systemto be installed

“Ti ne of use” based energy manage nent system

vV V.V V V V

Power factor | nprove nent

50



References

[1]" Net- Mtering and its Phenonena " Available: Htps://ae-sdar.cont. (Accessed:
DEC11, 2022).

[2]Kanellos, M "Net Metering Hstay & Logic - Part 1 QeanTechnica™
QeanTechnica, Sep 6, 2015 Available: https://cl eantechnica. cont 2015 09 06/ net -
metering-history-logic-part-Vanp/. (Accessed CECL2 2022).

[3]"Net Mtering"” Whkipedia Available: htps://enm wkipedia org wki/ Net_netering
(Accessed DEC 14, 2022).

[4]Tasni mIkra Rehman, Anika Fariha, Ml Habibur Rehman, “Design and Devel op nent
Of B drectional Power neter using macro controller”, Indonesian journal of

electrical engi neering and conputer science, 2020, vd 17, ND 3 pp 1594- 1600.

[6]Malikarjun G Hidemani, = VMshwanath  Soppimath ~ “Mocro-contrdler  based
B directional Energy Metering for Donestic User”, Journal of electronic design
engineering 2017, volume 3issue 1

[6]Mukhtar bidem opeloyery Prof. Io. R ngjat tuncay, “A dynamc on grid solar power
system using bi drectional counter neter”, International Journal of research and

innovationinapplied science (IJR AS), 2021, vaune M issue MII.

[7]Swapna, Bhuyan “Gid connected rencwable energy source and net netering”,

Journal of electrical and el ectronics engineering (AJ EEE), 2017, vdum1issue 1

[8]Mbfeed Turky, Rashid “Design and i nplenentation of snart electrical power neter
systent, Iraq Journal electrical and electronics engineering, 2014, va:10no: 1

[9]Kavita Narayan Mile, Prof. BT Deshnukh ‘“Design of Smart Energy Mter for
Smart Gid wth Net Mtering & Theft Detection”, irternational Journal for Research
in Engineering Application & Minage nent (IJREAMN), 2018 Mol 3issue 12

51



[10]JA M Fahny Mihnond, M A Sayed Tarekk A Mdbouly, “Hdirectional energy
meter for a gid interfaced electric wvehicle charger”, Furopean Journal of
Engi neering and Technology, 2017, \ol. 5 No. 1

[11]Tjariit Journal, H manshi Skar war, “Net netering based bi-directional power flow
system and power quality inprovenent using multilevel inverter”, irternational
journal of advance research ideas and innovations intechnol ogy , 2018 volune 5
Issue 2

[12]Syafii Syaffi, Lovely Son Irvan Zkri, “Wb baised net energy neter for gid
connected pv systeni, TE MJournal, 2020, Volume 9, Issue L

[13]Hassan Zahid Farhana Uner , Zeeshan Rashid “Gitical Analysis and Application
of net netering”, International Journal of Photoenergy, 2020, Volune 1.

[14]Muhammad Wman Hider , Faisal Mintaz, Hseeb Hassan Khan, “Snart Energy
Meters in Renewable- Energy- Based Power Networks”, Journal of US Pakistan
Center of Advanced studies in Energy (USPCAS-E), National Uhiversity of Science
and Technol ogy ( NUST), Islamabad 44000, 2022

[156]Sayan paramanik Indranil Kushary , “Smart neterconfigurationfor better energy

consunptionwth faut detection”, Journal on power syste mengineering 2019, Vol
7, nol

[16]X Tan Q L and H Wang “Advances and trends of energy storage technol ogy in
mcro-grid”, International Journal of Hectricall Power & Energy Systens, \ol. 44
Issue 1, 2013 pp 179-191

[17]"Sep Down  Transformer and Its Working™ Linquip  Available
htt ps:// www i nqui p. conYd og/ step-down-transforme. [ Accessed DEC 19 2022].

[18]"Full Wve Rectifier Theory." Hectronics Tutorials, Availade
htt ps:// wwww el ectroni cs-tut orials. ve/ diode/diode 6. htmb. [ Accessed DEC 21,
2022].

52



[19]"QGapacitor  and Its  Synbol.” Hectronics and You,. Availabe
htt ps:// wwww el ectroni csandyou. co nd what -is-capacit or-t ypes-for mul a-synbal. it nh.
[ Accessed DEC 22, 2022].

[20]"I rtroduction to Resistor™ : Hectrurues, availabl e
htt ps:// www el ectror ul es.co ndi ntroducti on-to-resistars/ [ Accessed: DEC 25 2022].

[21] Myjupk” 78051 C Voltage regulator”. Availabl e:
htt ps:// www najj u pk/ product/ 12v-t o- 5v-1 nv805- voltage-regul at or-i ¢- 5v- 1a/
[ Accessed: DEC 27, 2022].

[22] Mcrochip. (nd). “ATnega328”, Available: htps:// www mcrochipconmien-
us/ product/ ATmega328 [Accessed DEC 28 2022].

[23] Wkipedia, ATnega328 In WK pedi a Availabl e:
htt ps://en wki pedia org/wi ki/ ATnega328 [ Accessed DEC 30, 2022].

[24] Hectronics Hiub,” Interfacing ACS712 Current Sensor wth Arduino”, Available:
htt ps:// www el ectroni cshub. or /i nterfaci ng-acs 712-current-sensor- wt h-
ardui nd[ Accessed DEC 31, 2022].

[25] Seeed Studio”ACS712 Current Sensor Features: How it Wrks Aduino
Gui de”, Availabl e: bt ps://www seeedst udi o comi bl og/ 2020/ 02/ 15 acs 712-currert-
sensor-feat ures-howit- wor ks-ardui no-gui de/ [ Accessed: jan 2 2023].

[26] Rawix (nd). "Potertid  Transformer 220V to 12V, Availade
htt ps:// www rawi x co i product/ patential -transfor ner- 220v-t o- 12v-
637251519398942798. [Accessed jan 4 2023].

[27] WL 1stop. (nd). "ABB S$203 3P MCB  Breaker.", Availabl e
htt ps:// Wi 1st op. co ndabb-s-203- 3p- nth-breaker. [Accessed Feb 5 2023].

[28] Hprocus. (nd). "Types of \ariable Resistars - Its Wrking and Applications”,
Availab e htt ps:// www el procus. co mit ypes- of-vari abl e-resi st ors-its- wor ki ng-anc-
applications. [ Accessed march 6 2023].

53


https://www.electrorules.com/introduction-to-resistors/
https://www.microchip.com/en-us/product/ATmega328
https://www.microchip.com/en-us/product/ATmega328
https://en.wikipedia.org/wiki/ATmega328
https://www.electronicshub.org/interfacing-acs712-current-sensor-with-arduino/
https://www.electronicshub.org/interfacing-acs712-current-sensor-with-arduino/
https://www.seeedstudio.com/blog/2020/02/15/acs712-current-sensor-features-how-it-works-arduino-guide/
https://www.seeedstudio.com/blog/2020/02/15/acs712-current-sensor-features-how-it-works-arduino-guide/

[29] Ruurlec. (nd). "LCD16X4BL - 16x4 Blue LCD Dsplay." ,Availabe:
htt ps:// www futurlec.comd LED LCD16 X4 BL sht. .[ Accessed: april 6 2023].

[30] Shutterstock  (nd). “Incandescent  Light Bulb Inmages.”, Availadble:
htt ps:// www shutterst ock. comisearchVincandescent-light-bulb. [ Accessed april 16
2023].

54



55



