
 

Desi gni ng Of Bi- di recti onal Energy Met er 

For Measuring Reverse Power Fl ow 

 

 

 

 

 

 

Sessi on:   2019 – 2023 

 

Supervised By: Engr. Naveed Anwar 

 

Group Me mbers: 

 

                   Wal eed Akbar                     UW- 19- EE- BSc- 020 

                   Tayyab Na waz                    UW- 19- EE- BSc- 023 

Muha mmad Us man (Leader)         UW- 19- EE- BSc-027 

                   Muha mmad Ha mza                    UW- 19- EE- BSc- 030 

 

 

 

De part ment of Electri cal Engi neering 

Wa h Engi neeri ng College 

Uni versity of Wah 

Wa h Cantt, Paki stan



 
 

 ii 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 iii 

 

 

Undertaki ng 

It is decl ared t hat t he work entitled “Desi gni ng of bi-di recti onal energy met er for measuri ng 

reverse power fl ow’’ present ed i n t his report is an ori gi nal piece of our own wor k, except where 

ot her wi se acknowl edged in text and references. Thi s wor k has not been submitted i n any for m 

for anot her degree or dipl oma at any uni versit y or ot her i nstit ution for tertiary educati on and 

shall not be submitted by us i n fut ure for obtai ni ng any degree from t his or any ot her Uni versit y 

or Instit ution.  
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Abstract 

Wi t h t he incre ment of grid connect ed sol ar PV systems t hat need net met ering, t he i mport ance of 

power or energy monit oring has become i ncreasi ngl y critical. Power can flow i n each directi ons, 

from t he consumer si de a PV panel t o t he gri d(reverse) or from t he gri d t o the consu mer si de PV 

panel(for war d). Accurat e billi ng is i mpossi bl e if t here is no measure ment of the power fl ow from 

bot h sources ( gri d source , PV source ) and unused surpl us power is not st ore at the mo ment. 

Because of t his, a bi directi onal energy met er is required t hat can measure t he power i n bot h 

directi on (for war d as wel l as reverse). The goal of this study is to desi gn a mi cro controller-based 

bi directi onal energy meter. This proj ect contributi on consists of a mi cro-controller, current 

sensor unit, voltage sensors unit, bul bs acti ng as loads, and a displ ay unit. Volt age, current RMS 

val ues are cal culated and displ ayed on t he LCD. The cali brati on is t hen perfor med i n t he ne wl y 

creat ed progra m. The power is then comput ed and shown after t hat. 
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Chapter # 1 

Introduction 

No wadays for gri d-tied PV syst e ms, accuracy of power monit ori ng is a cruci al need from 

the energy sect or. When consumer has an off-gri d syste m, power may be measured wit h 

ease. However, wit h a grid connect ed sol ar PV syste m, power will be supplied from t he 

gri d t owar ds syst e m during peri od of mi ni mal radi ati on. Power that comes from gri d is 

refer t o as “for war d power” or “i ncomi ng power” while power is produced by t he sol ar 

panels and ret urned t o t he gri d is referred t o as “reverse power” or “out going power”. A 

bi-directi onal power meter must be used t o measure the positi ve and negati ve power. 

Here a bi-directi on power met er is desi gned usi ng ATMEGA 328P mi cro-controller. At 

this ti me, controlli ng t he power t hat is lost in t he syst e m needs proper voltage and current 

measure ment. The net bill cannot be det er mi ned if the power comi ng from t he gri d and 

ent eri ng t he gri d cannot be monit ored and saved. A bi -directi onal energy met er has been 

desi gned for t his purpose. This met er also enabl es t he det er mi nati on of power fl ow 

directi on.  

1. 1  Net meteri ng and its pheno mena 

Net energy met eri ng is a servi ce that all ows cust omers t o use bot h their own on-site 

power produci ng syste m and gri d energy duri ng peak ON hours. It ret urns any excess 

power it generat es t o t he el ectric gri d duri ng off-peak ti mes. The net energy met er is used 

for net met eri ng (also known as a bi directi onal energy met er). One met er that can det ect 

current fl owi ng i n bot h directi ons is all that is needed for net met eri ng. Contrary t o t he 

feed-i n tariff, this needs the use of t wo met ers i n order t o operate.  

Ever y country and company has a uni que policy. Typi call y, the export energy units are 

deduct ed from t he i mport energy units when cal cul ati ng a mont hl y bill or a bill after a 

certai n peri od of ti me. And t o creat e t he net tariff, the resulti ng units are multi plied by 

unit rates. Net met eri ng is different from feed-i n tariffs because it requires onl y one met er 
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for measure ment, whi ch is a bi-directi onal energy met er. The entire pr ocess of net 

met eri ng syste m is displ ayed i n Fi g 1. 1.  

 

Fi g 1. 1 Sche mati c Representati ons of Net Meteri ng [1] 

1. 2  History of net meteri ng 

In t he 1980s, it was introduced i n t he United Stat es, where users are authorized t o use 

power generat ed by t heir own produci ng syste ms, such as sol ar and wind, as well as 

connect t o t he gri d. The first net met eri ng law was introduced i n 1983. Every consu mer 

was per mitted to generate power under t his law. The additi onal energy woul d eit her be 

pai d t o t he user or credited per kilowatt-hour for t he next mont h. Cust omers were 

per mitted to sell electricity at retail prices starti ng in 2000. In 2016, 43 states adopt ed t he 

servi ce of net met eri ng. The sl owdown i n t he i mpl e ment ati on of net met ering i n Eur ope 

was caused by a lack of knowl edge about servi ces and tariffs. Net met ering was onl y 

pr ovi ded by t he " Great Britai n El ectricit y Busi ness. ". Today, numerous countries 

throughout t he worl d, incl udi ng t he United Ki ngdo m, Canada, t he Phili ppi nes (accept ed 

in 2008), and recentl y Pakistan, have adopt ed net met eri ng [2]. 

1. 3  Net meteri ng i n Paki stan 

The Nati onal El ectric Power Regul at ory Aut hority ( NEPRA) aut horized the net met eri ng 

laws and standards i n 2015. It states t hat anybody can creat e power fro m rene wabl e 

sources li ke sol ar and wi nd and sell it to compani es t hat distri bute energy. By 
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i mpl e menti ng t his regul ation, consumers are rewarded for produci ng t heir own el ect ricit y, 

and t heir electricit y bills are reduced as a result. 

As per NEPRA regul ations, consumers are only all owed t o use bi directi onal met ers. 

When a consumer uses electricit y from t he gri d (they are generati ng less energy and t heir 

consumpti on is hi gh), as well as when t hey are suppl yi ng power to t he gri d (t hey are 

pr oduci ng more energy and t heir consumpti on is low), t his met er will measure energy i n 

bot h sit uati ons. 

Endi ng of each mont h, the consumer recei ve charged for net energy used. All net 

met eri ng syste ms are connect ed t o t he gri d, which t hey will use t o distri bute surpl us 

suppl y and credit in accordance wit h established standards.  

1. 4  Controversies regardi ng net meteri ng syste m 

These debat es i nvol ve those countries whose econo mi es rel y on t he sale of power at a 

pr ofit. 

 The de mand for a mai n or central power plant can be decreased by i nstalli ng a 

pri vat e power plant on site. Government power pl ants generated electricit y and 

pr ovi ded consumers wit h energy. They made a good profit. Net met eri ng reduces 

government profit by bringi ng i ndependence from the central power plant.  

 Power compani es will share i n t he advant ages of electricit y production (as 

cust omers of a utility). As was menti oned i n t he previ ous poi nt, less money is 

made from produci ng electricit y. Act uall y, utilities and consumers share t he profit. 

Reduced power production profits have an i mpact on a country' s econo my.  This is 

the mai n argument agai nst net met eri ng.  

1. 5  History and devel op ment of bi-di recti onal energy meter 

The i dea bi-directi onal met er was devel opi ng i n united state. When mi cro- wi nd t urbi nes 

and sol ar panels have been i nstalled and are i nterconnect ed t o t he pri mary gri d stati on. 

These rene wabl e energy sources were established by l ocal groups of users who desired t o 

be abl e t o utilize t heir energy at vari ous ti mes and be aware of t he a mount of ener gy t hey 
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export ed t o t he mai n gri d. The first net met eri ng law i n Ameri ca was passed in Mi nnesot a 

in 1983. The difference bet ween energy i mports and exports is measured in net met eri ng. 

They also let the m create up t o 40 KW,  and t hey recei ve payment i n t he for m of per-

kil owatt credits for t he future billing cycl e [3]. 

Thi s i nnovati on was adopt ed by many ot her countries. In 1981 Arizona, i n 1982 

Massachusetts adopt t his technol ogy. Utilities i n the United States were asked t o offer net 

met eri ng on request i n 2005. Because of t he issue wit h val ue-added tax, net met eri ng 

adopti on i n Europe is movi ng extre mel y sl owl y.  

1. 6  Change i n trend of measuri ng syste m and modern opport unities 

Si nce t he begi nni ng of the t went y-first cent ury, new techni ques have been used t o 

i mpr ove t he functi onality and efficiency of measuri ng i nstruments. Modern electroni c 

technol ogy has changed the way t hat met ers are measured. First, mechani call y dri ven 

met ers were repl aced wi th di gital met ers, and now s mart met ers have taken t heir pl ace. 

These days, due t o t he expansi on of t he power syste m and t he moderni zati on of 

measuri ng techni ques, consumers are also contributi ng t o t he generati on of power by 

utilizi ng t heir own power generati on met hods, such as i ndependent power resources, t o 

be enabl ed t o address t he electricit y probl e m. In additi on, at the off peak i nt erval t hey 

export or sell power to the gri d while at on peak interval t hey i mport or purchase power 

from t he gri d. Thus, by observi ng t his modern appr oach, a met er t hat can measure bot h 

for war d and reverse power fl ow on a si ngle conducti ng li ne is needed; hence, a 

bi directi onal met er was created t o accommodat e thi s novel technol ogy.  

1. 7  Existi ng technol ogies and i nnovati on 

The net met eri ng i dea, whi ch was adopt ed i n earl y 1980s i n Ameri ca, gave rise t o bi-

directi onal met er technology. Net met eri ng is only a met hod for i dentifying differences.  

Additi onall y a bi-directi onal energy met er is created usi ng t hat' s techni ques inventi on and 

it has capacit y t o measure bot h net a mount of energy as well as i mport and export of 

energy units over ti me.  
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1. 8  Bi-di recti onal energy meter 

A devi ce used t o monitor t he fl ow of electricity i n bot h directi ons is known as a bi -

directi onal energy met er. It is frequentl y e mpl oyed i n sit uati ons when power is bot h 

dra wn from and supplied back i nt o the gri d. A bi-directi onal energy met er can precisel y 

foll ow t he flow of power in bot h directi ons, unlike conventi onal energy met ers t hat can 

onl y measure the fl ow of electricit y i n one direction (from t he gri d t o t he user).  

 

A bi-directi onal energy met er is essential in t he cont ext of rene wabl e energy syst e ms, 

such as sol ar cells or wi nd t urbi nes. The excess power produced by t hese syste ms can be 

fed back i nt o the gri d when it is produced i n excess of what is needed l ocall y. The 

consumer can obt ai n credits or compensati on for the extra energy t hey suppl y t o t he gri d 

thanks t o t he bi-directi onal energy met er' s precise measure ment and recording of t he dat a.  

In contrast, t he met er precisel y measures t he electricit y drawn from t he gri d when t he 

quantit y of on-site energy consumpti on exceeds the a mount bei ng generated. This enabl es 

pr oper billing for t he energy spent. A bi-directional energy metre supports fair and 

accurat e i nvoi ci ng for electricit y usage by gi vi ng a thorough measure ment of energy fl ow 

in bot h directi ons. This encourages effecti ve manage ment of energy resources.  

The i nitializati on of “Bi-directi onal energy met er” for t he net met eri ng 

consumer/ cust omer records t he fl ow of energy in bot h the for war d and backwar d 

directi on. The a mount of energy is used from mai n gri d and t he a mount of energy 

supplied by our syste m to mai n gri d will be measured.  

A bi-directi onal met er attri butes i ncl ude:  

 A devi ce that record forwar d and reverse power flow.  

 All ow cust omers t o take an acti ve rol e . 

 It introduce multi ple ne w products , markets and servi ces 

 It predict the syste m i nstabilit y i n a self -heali ng appr oach 

Thi s met er has t he capacity t o measure energy flowi ng i n bot h directi ons, whi ch it does 

aut omaticall y. Wit h the hel p of t his met er, consumers may acti vel y partici pat e i n 

el ectricit y generati on and load bal anci ng.  
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1. 9  Feat ures of bi-di rectional energy meter 

1. 9. 1 Reli ability       

The bi directi onal met er measures t he current and voltage val ues before di spl ayi ng t he 

power and t otal energy units on t he LCD screen in accordance wit h the pr ogra mmi ng. 

Thi s will make t he transmi ssi on of electricit y more reliabl e. Alt hough t he ol d met ers also 

have t he ability t o measure t he fl ow of power and displ ay t he result accurat el y, all of 

the m are si ngle-directi on and i nstalled on t he li ve wire. The bi-directi onal measure ment 

does not onl y measure the power transfer but also gi ves t he direction that eit her t he 

power is i mport ed or exported, or t he results are accurat e and reliabl e.  

1. 9. 2 Predi cti on regarding t he nat ure of l oad 

These met ers provi de real ti me i nfor mati on regardi ng l oads. One can easily predi ct t he 

nat ure of l oad from t his inf or mati on and take appropriate response.  

1. 9. 3 Desi gn of net work and its flexi bility 

The met er behaves wel l for all net wor k desi gn, what ever t he desi gn bei ng used. It 

det er mi nes the a mount of current fl owi ng and t he direction of power fl ow and shows t he 

results al ong t hat line, indi cati ng whet her power is fl owi ng for war d or backwar d.  

1. 9. 4 Reducti on of bills 

A bi directi onal met er enabl es consumers t o participat e acti vel y in energy producti on. The 

bill is reduced by exporting self-generated energy to t he gri d.  

Mo nt hl y bill = (energy import ed – energy exported) * ret ail rate ………………Eq (1. 1) 

The next step is to change l oad needs and consumpti on by obt ai ni ng i nformati on about 

consumpti on from t he met er. As a result, bot h energy and money can be saved.  

1. 9. 5 Market enabli ng 

The mai n gri d and t he consumer' s channel for i mporting and exporti ng electricit y i n 

accordance wit h load are provi ded by t he bi directi onal met er. Consumers now want t o 
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acti vel y partici pat e i n l oad manage ment and wor k to prevent power fail ures by generati ng 

their own electricit y usi ng rene wabl e energy sources.. 

Therefore, the bi directional metre has consi derable mar keti ng val ue for est ablishi ng 

policies and det er mi ni ng retail per unit prici ng. It makes it possi bl e for t he user t o start a 

hel pful busi ness. The cost umer whi ch need t o channelize t heir power source wit h mai n 

gri d have use bi directi onal met er. 

1. 9. 6 Enhance efficiency 

Ma ny contri buti ons are made t o reduce t he energy shortage and boost t he effecti veness of 

the power monit ori ng syst e m. The ti ny rene wabl e cust omer energy sources shoul d be 

connected t o t he mai n grid wit hout reduci ng syste m efficiency; t he measure ment devi ce 

shoul d be efficient enough t hat onl y mi ni mal l osses occur. Our metre has a very hi gh 

efficiency and a very l ow internal power loss.  

1. 10 Probl e m state ment  

In case of consumer having own energy source (Such as PV) al ong wit h Gri d/ WAPDA 

then how reverse energy is measure fl owi ng i nt o the Gri d.  

The worl d is currentl y movi ng t owar d rene wabl e energy sources. Bot h t he consu mer and 

the electric company will suppl y t he power that is used by t he consumer. The consu mer 

uses bot h energy from t he gri d and energy generated by itself duri ng on-peak hours. In a 

si milar way, consumer de mand is l ow and energy producti on is hi gh duri ng off-peak 

hours. As a result, energy, or reverse power, will be deli vered t o t he grid. So, how is 

excess energy or reverse power calculat ed? For t his, a net met er or a bi-directi onal energy 

met er is required.  

1. 11 St ate ment of project  

The proj ect is about t o desi gn an energy met er t hat measures energy i n both for war d and 

reverse directi on, i. e., when consumers suppl y their surpl us energy t o the gri d or an 

el ectric utility duri ng off-peak hours. 
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1. 12 Ai ms & objecti ve 

The pri mar y obj ecti ve of this proj ect is to design si ngle  phase bi-directi onal energy 

met er for measuri ng reverse power fl ow export ed int o the gri d.  

The ai m of t his proj ect is to measure the t wo way el ectrical para met ers. Followi ng are:  

 I mport ed , exported and net energy 

 I mport ed , exported and net  power  

 Current of bot h sources 

 Volt ages of bot h sources 

1. 13 Met hodol ogy 

The mai n steps for desi gni ng bi-directi onal energy met er are: 

 

 First of all WAPDA source and consumer source are linked t oget her and synchr oni ze 

aut omaticall y. 

 Pot ential transfor mer is used as a voltage sensor for measuri ng i nput voltages of bot h 

sources ( WAPDA,  consumer). 

 Pot ential transfor mers reduce t he voltages of both sources t o t he desired val ue, and 

the out put of t he potential transfor mers or voltage sensors is then supplied t o t he 

bri dge rectifier whi ch converts AC voltages i nt o DC voltages. 

 Aft er filteri ng, the out put of bri dge rectifier is supplied to mi cro-controller, whi ch 

subsequentl y measures and displ ays t he voltage dat a of bot h sources on t he LCD.  

 The ACS 712 Hall effect sensor is used as a current sensor for measuri ng l oad 

current i n positi ve as well as negati ve direction.. 

 The out put of t he current sensor is fed t o mi cro-controller t hen controller measure 

and displ ay current dat a on LCD.  

 At on peak hour , consumer l oad is hi gh t han its generati on so in t his case, consumer 

source need some power from utility gri d t o fulfill load require ment so current is fl ow 

from utility gri d t o consumer, t he ACS712 current sensor det ects t his positive fl ow of 

current and gi ve out put to mi cro-controller. 
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 Then mi cro-controller use t he dat a  of current , voltage and displ ay for war d power on 

LCD.  

 Si mil arl y at off-peak hour consumer l oad is l ow than its generati on so in t his case 

surpl us power is fed back t o utility gri d hence current is fl ow from consumer source  

to utility gri d, the ACS712 current sensor det ect the negati ve flow of current and gi ve 

out put t o mi cro-controller. 

 Then mi cro-controller use t he dat a  of current , voltage and displ ay reverse power on 

LCD 

 Fi nall y mi cro-controller displ ay all data on LCD wit h respect t o del ays added i n 

source code.  

1. 14 Bl ock di agra m 

Bl ock di agra m of desi gned bi-directi on energy met er is shown i n Fi g 1. 2. 

 

 
 

Fi g1-2 Bl ock Di agra m of Devel oped Energy Meter 
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1. 14. 1 Expl anati on 

 

The control unit has been devel oped usi ng a micro-controller based board. Si nce t he 

syste m will be dri ven by soft ware. Alt hough a separate mi cro-controller is used t o 

devel op t his syste m ( ATMEGA 328P) . The system may be desi gned by usi ng variet y of 

current sensor; here a bi-directi onal Hall Effect current sensor ( ACS712) has been used. 

Thi s sensor can handl e currents rangi ng bet ween -30 Amps t o 30 Amp.  

 

Even t hough t he mi cro-controller ( ATMEGA 328P) can sense voltage, 220 volts are t oo 

hi gh, so 220 volts cannot directly fed t o t he mi cro-controller. Hence, a voltage sensor 

circuit uses a step down transfor mer (potential transfor mer) as a voltage sensor.  

Di spl ay unit consist of 16x4 LCD whi ch displ ay the out puts of mi cro-controller.  
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Chapter # 2  

Li terat ure Revi e w 
2. Literat ure Revi ew 

2. 1. Rel evant Work 

A mi cro-controller, a current sensor, bul bs operating under l oad, and a displ ay constit ut e 

this paper' s wor k. Voltage and current r ms val ues are calculat ed and displ ayed on t he 

di spl ay. The cali brati on is t hen perfor med wit hi n the creat ed soft ware. The power is t hen 

comput ed and shown after t hat. The directi on of the power is then det er mined based on 

the directi on of t he power (positi ve or negati ve), whi ch is also dependent on t he phase 

difference bet ween t he voltage and current. 

The efficiency of t he proposed met er greatl y depends on t he sources of the power fl ow. 

The net bill cannot be det er mi ned if the power inco mi ng from t he gri d and leavi ng t he 

generati ng devi ce cannot  be monit ored and saved.  A l ow-cost met er has been creat ed for 

this purpose, utilizi ng items t hat are readil y availabl e i n t he area [4]. 

“ Mali karj un. G. Hude mani “proposed proj ect is aimed at devel opi ng a particul ar t ype of 

bi-directi onal energy meter t hat tracks net use, exports, and monet ary exchange. It uses a 

roof-t op syst e m. Sol ar panels are made wit h an MPPT controller t o provide conti nuous 

power producti on. Rooftop sol ar PV syst e ms are becomi ng more practical and 

inexpensi ve nowadays, so correct met eri ng is required for bot h t he usage of any excess 

power generated and its export to t he gri d. An e mbedded met er t hat can manage t he 

energy i nfor mati on and transacti ons of a home user may result from t he suggest ed mi cro 

controller-based bi directional energy met eri ng technol ogy. The proposed wor k may be 

done usi ng current di gital met ers wit h t he appropriate extra circuitry and measure ment s. 

Additi onal communi cations, such as GS M- based sol uti ons, can provi de impr oved speed 

and security i n t he fut ure [5]. 
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Due t o t he har mf ul i mpacts t he har moni cs may have on connected l oads, especi all y 

sensiti ve equi pment, an LCL filter is frequentl y desired as an additi on t o gri d-connect ed 

PV syst e ms. Due t o poor dyna mi c responses and related costs, it is so meti mes more 

difficult to achieve wor kabl e filters for very large syste ms si nce the val ue of i nduct ance 

required is proporti onal to t he capacit y of t he syste m. In a gri d-connected set up, t he LCL 

filter contri butes t o l owering t he s witchi ng frequency har moni cs bet ween the gri d and t he 

inverter. When t he si mulat ed househol d l oad needed exceeded t he power provi ded by t he 

inverter and vi ce versa, the pl anned count er-based bi-directional met ering effici entl y 

supplied electricit y from the gri d, creati ng an overall s mart syste m wit h net  met eri ng and 

billi ng capacit y [6]. 

To fulfill the purpose of usi ng power in a econo mi cal way, rene wabl e energy source 

( RES) mi ght be foll owed by net met eri ng. Energy produced usi ng RES one may fulfill 

the electrical needs of a househol d duri ng t he int erval when t hey have the abilit y t o 

pr oduce energy. Electricity from t he gri d may be utilized duri ng t he re maini ng ti me when 

RES cannot be used. Cust omers who feed t he extra energy produce by RES ret urni ng t o 

the gri d recei ve payment  from utility. In additi on to l oweri ng power costs, thi s procedure 

also saves electricit y t hat may be used by anot her user i n need.  

The ter m "synchroni zation" refers t o t he process of reduci ng t he variation i n voltage, 

phase differences, and frequency differences bet ween t he gri d suppl y and t he RES 

generat or. 

Here are a few gri d synchr oni zati on techni ques:  

 Zer o crossi ng det ecti on  

 Ka man filter  

 Di screte Fourier Transform  

 Nonli near least square  

 Adapti ve Not ch Filter  

 Artificial Intelligence  

 Del ayed Si gnal Cancellation  
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 Phase Locked Loop  

 Frequency Locked Loop [7] 

When t he suppl y voltage is 230V at up t o 50A, direct readi ngs by a mi cro-controller are 

challengi ng. This necessitates t hat line voltage and current be indirectl y measured at a 

level suitabl e for a mi cro-controller and t hat these readi ngs be re-scal ed t o yi el d t he 

ori gi nal val ue. Si nce a transducer has been e mpl oyed t o creat e a voltage proportionat e t o 

the load current, measuri ng current i n t his situati on is essentiall y comparabl e t o 

measuri ng voltage. Aft er that, the real voltage and current dat a may be calcul ated [8]. 

A s mart energy met er with better t wo- way connecti vit y wit hout dat a l oss and securit y 

from el ectricit y t heft tactics Regul ati ons governi ng net met eri ng may hel p power de mand 

curves become more consistent and assist utilities i n better managing t heir peak 

el ectricit y use. By encouragi ng generati on near the poi nt of consumpti on, net met eri ng 

reduces t he burden on transfer net wor ks and prevents l ong-distance l osses i n electricit y 

trans mi ssi on and distri bution.  

The syste m' s graphi cal user i nterface is user-friendl y and makes it si mpl e for users t o 

comprehend net energy use. The pri mar y drawbacks of s mart met er now availabl e on t he 

mar ket have been mostl y sol ved t hanks t o t he usage of onli ne servi ces and SMS servi ces. 

As a result, dat a may be si mpl y accessi bl e onli ne. The abilit y of Zi gBee to connect t o 

ot her Zi gBee devi ces and buil d a circuit may be leveraged t o reduce price of t he met er 

fewer GS M modul es will be needed [9]. 

 

Thi s st udy presents a s mart energy met er for EVs t hat functi ons as a s mart gri d 

application. The met er measures and shows t he battery voltage, current, and power when 

the EV is connect ed t o the gri d. In additi on, it shows if the battery is chargi ng or 

di schargi ng, and whet her car is recei vi ng power from t he gri d ( G2V) or t he gri d is 

recei vi ng it from t he car ( V2G).  

 

Thr ough a Zi gBee wirel ess connecti on, t he dat a is shown on an LCD shi eld i n additi on t o 

a distant comput er. To test the effecti veness of t he suggest ed met hod, a wor kabl e 
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pr ot ot ype utilizi ng an Ardui no and Zi gBee wireless communi cati on is put i nt o place. 

Smart met ers, bi directi onal connecti vit y, and remot e monit ori ng may all be used t o 

comput e the energy used to charge and discharge EV batteries. Bi directi onal s mart met er 

that measure bot h energy deli vered t o t he gri d and energy used t o charge vehi cl es shoul d 

be i nstalled. The electric gri d' s current and voltage wavefor m phase angl e difference 

all ows for t he det er mi nation of t he directi on i n which energy is used [10]. 

 

In order t o lessen t he goal of managi ng on nonrene wabl e energy sources, this articl e 

stresses t he usage of clean, rene wabl e energy sources like t he sun. The st udy also 

incl udes a suggest ed concept for usi ng a net met er to i ntegrate PV arrays wi t h t he suppl y 

gri d. Foll owi ng resi dential use, the extra energy generat ed by t he sol ar panels is fed i nt o 

the electric net wor k vi a the sol ar panels erect ed on t he roofs of retail struct ure. As a 

result, there is a si gnificant decrease in t he net energy uses of power syst e m. 

 

Aft er t he PV modul e, a boost converter is used t o i ncrease the voltage level t o t he 

necessary level. A cascaded H- bri dge i nverter is then used t o decrease si nusoi dal 

instability i n t he inverter' s out put. As a result, the qualit y of energy also enhances, 

meeti ng a key cust omer require ment. The level of MLI can be raised t o furt her enhance 

the power qualit y [11]. 

 

In t his st udy, t he power and energy generat ed by PV syst e ms are collected onli ne i n real 

ti me usi ng a web- based net energy monit ori ng syste m. The gat hered i nformati on is made 

availabl e on a website t hat is al ways accessi bl e and may be furt her eval uated, opti mi zed, 

and made more effecti ve. The power and energy generat ed by PV syst e ms are gat hered i n 

real ti me and onli ne usi ng t he web- based net energy monit ori ng syste m.  

 

The PZEM 004T sensors used by t he net energy met re syst e m have read voltage, current, 

power, and energy created at the i nverter out put ter mi nal and l oad ter mi nal. These 

nu mbers can be used t o cal culate t he net energy export t o or i mport from utilities. The 

measure ment dat a may be instantl y recorded on t he client comput er thanks t o t he 

syste m' s dat a l ogger capabilit y. When compared to t he Hi oki 3286- 20 cl amp met er, t he 
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PZE M 004T results show a fair degree of accuracy wit h an average power difference of 

0. 29 % [12]. 

 

The tre mendous growt h in energy require ment is si mpl y mai nt ai ned wit h the m as t hey 

are compati bl e wit h rene wabl e energy sources i ncl udi ng sol ar, wind, ti dal, and 

geot her mal energy are readil y availabl e i n abundance. When electricit y is added t o t he 

syste m outsi de of peak time,  Net met eri ng, an modern met eri ng or chargi ng met hod, can 

run t he met er backwar ds, all owi ng t he consumer to sell units.  

In t his st udy, several Bus22 i nstances on t he feeder for CI TY- 3 usi ng sol ar net- met eri ng 

mechanis ms are undertaken, and essential anal yses, incl udi ng as st udy of oscillati on and 

load circul ati ng anal ysis, are also done on t he ETAP soft ware. The Bus22 is chosen based 

on MEPCO' s net- met eri ng stat us. As seen i n Out of Control, many l oads are li nked t o an 

N- M net wor k transfor mer [13]. 

In comparison t o conventi onal energy syst e ms, s mart met er technol ogi es and ot her 

ext ensi ve applicati ons supported by SEMs provi de i mpressi ve benefits. 

Furt her more, it is getti ng easi er to predict how REBN will advance. A bi odegradabl e 

foundati on will let power met er t o become s marter and consi derabl y more flexi bl e.  i n 

whi ch additi onal functi onalit y is integrated by addi ng ne w modul es, and the fra me wor k is 

construct ed as an open fra me wor k. Additi onall y, anot her alternati ve is t o inst all a SEM 

unit in ot her appliances to carry out t he s mart meteri ng functi on. The funda ment al rout e 

of devel opment for DH and NG net wor ks as wel l as power gri ds is "s marter" or " more 

intelligent" REBNs [14]. 

In t his st udy, a s mart bi directi onal met er powered by t he Internet of Thi ngs (IoT) t hat can 

operat e i n prepai d and post pai d modes t hat is linked t o or is landi ng on a s mart gri d wit h 

integrat ed rene wabl e energy is descri bed.. This article expl ai ns why errors found usi ng 

positi onal dat a wit hout usi ng t he Gl obal Positi oni ng Syst e m ( GPS). This s mart gadget 

cuts off power and sends the appropriate dat a t o the server when a user uses more energy 

than is availabl e. The main mi cro-controller for t his investi gati on was an ATmega328pu, 

and t he ESP8266- 12E was used for dat a trans mi ssi on and recepti on from the server [15]. 
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An i nverter is required to disconnect t he gri d when t he frequency changes si nk PVs 

connected t o t he gri d require a const ant frequency to functi on. In order t o ret urn t he gri d 

to its nor mal frequency, real electricit y needs to be transferred t here as soon as feasi ble.. 

When acti ve power and load de mand are equal at gi ven ti mes, the frequency is const ant. 

Up until energy suppl y and de mand are equal, all active and reacti ve power defici enci es 

must be made up for [16]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

17 

Chapter # 3 

Co mponents Descripti on 
 

3. Co mponents Descri pti on 

Thi s proj ect “Desi gni ng of bi-directi onal energy met er for measuri ng reverse power 

fl ow” consist of t he four hardware unit: 

1.  Power suppl y unit  

2.  Control unit 

3.  Di spl ay unit 

4.  Load unit 

3. 1. Power suppl y unit: 

The circuit will get electricit y from t his unit. A PSU, power suppl y, power pack, or 

power converter is a devi ce or syste m t hat provi des electrical energy t o a power 

monit ori ng syst e m. For our proj ect, we require 5V and 12VDc, t hus we use a rectifier and 

regul at or. 

Power suppl y unit consist of foll owi ng components 

 St ep down transfor mer 

 Bri dge rectifier 

 Capacit or 

 Resist ors 

  Voltage regul at or LM7805 I C 

3. 1. 1 Step down transfor mer 

A transfor mer that adj usts the voltage at the primar y and secondary wi ndi ngs from hi gh 

to l ow is known as a step-down transfor mer. In ter ms of coil wi ndi ngs,  a step-down 

transfor mer' s mai n wi nding has more turns t han the secondary wi ndi ng. A conventi onal 

step-down transfor mer is shown i n Fi g 3. 1.. 
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 Fi g 2. 1 Step- Do wn Transfor mer [17] 

3. 1. 2. Bri dge rectifier 

In order t o efficientl y convert alternati ng current ( AC) t o direct current ( DC), bri dge 

rectifiers, a type of full- wave rectifier, use four or more di odes in a bri dge circuit 

confi gurati on. A bri dge rectifier' s basi c architect ure is shown i n Fi g 3. 2. 

 

 

Fi g 3. 2 Bri dge Rectifier Ci rcuit [18] 

3. 1. 3. Capacitor 

A devi ce called a capacitor has t he capacit y t o st ore energy i n t he for m of an electric 

charge. Alt hough a capacit or' s energy st orage capacit y is around 10, 000 times l ower t han 

a battery' s for a gi ven size, it is nevert hel ess hel pful for many different circuit desi gns.  

In order t o keep t he DC val ue const ant, the out put filter capacit or of a DC power suppl y 

must reduce power ripple. Due t o t heir DC val ue, these capacit ors are really retai ni ng a 

si gnificant amount of energy t hat is never utilized.  
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The best electrol ytic capacit ors for PSUs are t hose rated at 105 degrees Celsius si nce t hey 

have a l onger lifespan t han t hose rated at 85 degrees Celsi us. Of course, the capacit or' s 

maker is i mport ant; Japanese- made capacit ors are al ways the best opti on. Different 

symbols of capacit ors are shown i n Fi g 3. 3.  

 

 

Fi g 3. 3 Sy mbol s of Capacitors [19] 

3. 1. 4. Resistor 

The most commonl y used electroni c component is a resist or. Its mai n responsi bilities are 

li miti ng electrical current flow when necessary and ensuri ng t hat the proper voltage is 

applied t o a component. In ohms, resistance is measured. However, as one oh m 

represents a relati vel y low resistance, resistance is typi call y measured in kil o or mega 

oh ms (1000 or 1, 000, 000). A t ypical symbol and resist or is shown i n Fi g 3.4.  

Sy mbol  

 

 

 

 

Fi g 3. 4: Resistor [20] 
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3. 1. 5. Voltage regul ator LM7805 I C 

It bel ongs t o t he LM78XX series and has received favorabl e feedback.  5 VDC is its 

out put, while 6 VDC to 12 VDC is its input. The regul at or functi ons si milarl y t o a 

voltage di vi der or pot entiomet er, conti nuousl y showi ng t he difference between t he i nput 

and t he out put voltage that has been controlled. When t he LM7805' s i nput voltages are 

hi gher t han 12 VDC,  excessi ve heat is produced that mi ght har m t he regulat or, or when 

they are l ower t han 5 VDC,  i nsufficient voltages appear at the i nput. Voltage regul at or is 

shown i n Fi g 3. 5.  

 

Fi g 3. 5 7805 Voltage Regul ator [21] 

3. 2. Control unit 

Controlli ng uni t consi st of 

 

 AT MEGA 328P Mi cro-controller  

 Hall effect current sensor ( ACS712) 

 Pot ential transfor mer as a voltage sensor 

 Ci rcuit Breaker 

 Filters  

 Variable resist or 

3. 2. 1. At mega 328P mi cro-controller 

A si ngl e-chi p mi cro-controller bel ongi ng t o t he mega AVR fa mil y, the ATmega328 was 

devel oped by At mel (later Mi crochi p Technol ogy acquired At mel i n 2016). It has an 8-bit 

RI SC processi ng core wi th a modified Har vard architect ure. At mega328 micro-controller 

is shown i n Fi g 3. 6.  
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1 Specificati ons: 

The 8-bit AVR- based mi cro-controller from At mel i ncl udes a serial progra mmabl e 

USART, a byt e-orient ed 2- wire serial interface, an SPI serial port, a 6-channel 10- bit A/ D 

converter (8 channels i n TQFP and QFN/ MLF packages), internal oscillator ti mer, 1 KB 

EEPROM,  2 KB SRAM,  23 general-purpose I/ O li nes, 32 general-pur pose wor ki ng 

registers, 3 flexi bl e ti mer/count ers wit h compare modes The devi ce' s operati ng voltage 

range is 1. 8 t o 5. 5 volts. The syst e m' s performance is cl ose to 1 MI PS/ MH.  Pi n 

confi gurati on of ATMEGA32P mi cro-controller is shown i n Fi g 3. 7.  

 

 
 

Fi g 3. 6 At mega 328P Micro- Controller [22] 

 

 

 

Fi g 3. 7 ATMEGA 328P Pi n Confi gurati on [23] 
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2 Feat ures: 

 

Basi c feat ures of At mega328P mi cro-controller is shown i n Tabl e 3. 1.  

Tabl e 3. 1 Feat ures of AT MEGA 328P Mi cro Controller 

 

        PARAMETER                                       VALUE 

CPU t ype 8- bit AVR 

Ma xi mu m CPU speed 20 MHz 

Perfor mance 20 MI PS at 20 MHz 

Fl ash me mor y 32KB 

SRAM 2KB 

EEPROM 1KB 

Package pi n count  28 or 32 

Capaciti ve touch sensi ng channel  16 

Ma xi mu m I/ o pi ns 23 

Ext ernal i nterrupts 2 

USB i nt erface No 

 

3 Advant ages of usi ng AT MEGA 328P mi cro-controller 

 As comparison t o 32 and 64 bit processor, whi ch are more difficult to use, 8 and 16 

bit processor are si mpl er. 

 Cont ai ni ng 32 kil obyt es of onboard self-progra mmabl e flash me mor y and 23 

pr ogra mmabl e I/ O li nes, it may be used i nstantly wit hout t he additi on of any ot her 

comput er components.. 

 Due t o t he direct connection of all 31 registers t o the arit hmetic l ogic unit ( ALU)., it 

is code-efficient and 10 times faster t han conventional CI SC mi cro-controllers.  
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 The enhanced RI SC i nstructi on set for AVR is opti mi zed.  

3. 2. 2. Hall effect current sensor ( ACS 712) 

Hall Effect Sensors are a for m of transducer that may convert magnetic i nput i nt o 

el ectrical signals for further processi ng by an el ectroni c circuit. Co mmonl y, current 

sensors e mpl oy t he Hall Effect t o convert current inputs i nt o voltage out puts. 

El ectrons from an electric current fl ow t hrough a magnetic fiel d pl ate i n t he Hall Effect. 

The fiel d t hen "pushes" the electrons to one si de of the plate, creati ng a voltage difference 

bet ween t he t wo si des. The voltage difference from t he pl ate' s si de controls the sensor' s 

out put.. 

The ACS712 is a current sensor t hat can wor k on bot h AC and DC. This sensor generat es 

an anal ogue voltage output proporti onate t o t he measured current when dri ven by a 5V 

source. A number of carefull y cali brat ed hall sensors are j oi ned by copper cabl es t o for m 

this syst e m. Pi n confi gurati on of ACS712 current sensor is shown i n Fi g 3.8.  

 

Fi g 3. 8 ACS 712 Pi n Confi gurati ons [24] 

Thi s sensor has a 5V Vcc power suppl y, a Vcc x 0. 5 = 2. 5 out put voltage, and a 0A i nput 

current. There are t hree different varieties based on t he readabl e current range: 5A, 20A, 

and 30A. These have out put sensiti vity val ues of 185mV/ A, 100mV/ A,  and 66 mV/ A, 

respecti vel y. Si nce t he out put of t his current sensor is anal ogue, we can read it usi ng 

eit her a volt met er t o measure the out put voltage directl y or an Ar dui no or ot her mi cro-

controller havi ng an analogue read pi n or an anal ogue t o di gital converter (ADC) pi n.  

ACS712 current sensor modul e is shown i n Fi g 3. 9.  
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Fi g 3. 9 ACS 712 Current Sensor Modul e [25] 

3. 2. 3. Potenti al transfor mer 

The defi niti on of a potential transfor mer is an i nstrument transfor mer converts voltages 

from one val ue to anot her val ue. This transfor mer li mits t he voltages so that it is safe 

val ue t hat can be easily measure by a volt met er, watt met er, watt-hour met ers, or ot her 

common l ow voltage i nstrument.  

Pot ential transfor mers are basi call y step-down transfor mers t hat are e mpl oyed t o reduce 

voltages t o a specified or safe level. For t he purpose of measuri ng t he phase voltages i n 

our proj ect, we utilized a potential transfor mer. A typi cal Pot ential transfor mer is shown 

in Fi g 3. 10.  

Feat ures: 

 Pri mar y voltages: 220V AC 

 Secondary voltages: 12 V AC 

 

Fi g 3. 10 Potenti al Transfor mer 220 V to 12V [26] 
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3. 2. 4. Ci rcuit Breaker 

An el ectrical safet y device known as a circuit breaker is a s witch t hat aut omati call y 

bl ocks t he fl ow of current i n an overl oaded electrical circuit, ground faults, or short 

circuits. Prot ecti ve relays det ect a probl e m, causing circuit breakers t o "trip" and cut off 

current fl ow. Circuit breakers are often not damaged, t herefore t hey may be reset as 

opposed t o bei ng repl aced, i n contrast to t he fuses t hat were for merl y utilized. Circuit 

breakers are utilized i n bot h home and commerci al settings.  

In t his proj ect we use Mi ni at ure Circuit Breaker ( MCB). The del ayed ther mal tri ppi ng 

mechanis m for overl oad pr ot ecti on and t he magnetic tri ppi ng mechanis m for short circuit 

pr ot ecti on are bot h feat ures of MCBs. Mi ni at ure circuit breaker shown i n Fig 3. 11.  

 

 

 

 

Fi g 3. 11 Mi ni at ure Ci rcuit Breaker [27] 

3. 2. 5. Filter 

Filters are used t o creat e a s moot h dc out put after dc rectificati on wit h alternati ng current 

power. As filters, capacitors are used. In t his project, s moot h dc voltage was generat ed 

usi ng capacit ors of 100 uF and 25 V, whi ch were t hen deli vered t o t he mi cro-controller 

and ot her circuits. 
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3. 2. 6. Vari abl e resistor 

Variable resist ors are defined as resist ors whose electric resist ance val ue may be altered. 

A variabl e resist or is essentiall y an El ectro- Mechani cal transducer si nce it wor ks by 

movi ng a cont act ( wi per) across a resisti ve ele ment. It operates as a variabl e resistance 

and is known as a rheostat when j ust t wo ter mi nals are present. Si mil arly when t hree 

ter mi nals are used t hen it is known as potenti omet er. In t his proj ect it is used t o control 

the contrast of LCD.  Variabl e resist or shown i n Fig 3. 12.  

 

Fi g 3. 12 Vari abl e Resistor [28] 

3. 3. Displ ay unit 

Di spl ay unit consist of an 16 x 4 LCD whi ch is used t o displ ay t he outputs of mi cro-

controller. The li qui d cryst al displ ay, or LCD,  relies on t he li qui d cryst als'  li ght 

modul ati on capabilities. It is offered i n flat panel di spl ays, vi deo displ ays, and electroni c 

vi si bl e displ ays.  

3. 3. 1. 16 x 4 LCD 

The dot matri x liqui d cryst al displ ay modul e is a 16 x 4 charact er LCD modul e t hat is 

specificall y desi gned t o show l etters, numbers, sy mbol s, etc. A 16 x 4 LCD displ ay is 

capabl e of showi ng 4 lines of text wit h 16 charact ers per line. A 16 x 4 Lcd modul e 

shown i n Fi g 3. 13.  
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Feat ures and Specifications: 

 Di spl ay for mat 16 x 4 charact er 

 Outli ne di mensi on 87. 0 ( w) x 60 (h) x 12. 5 (t) mm 

 Vi e wi ng directi on 6. 00 

 Backli ght col or green 

 Power suppl y 3. 5 / 5 V 

 Suppl y current max 1800 mi cro a mpere  

 

 

Fi g 3. 13 16 x 4 LCD [29] 

3. 4. Load Unit 

Load unit consist of series of i ncandescent light bul bs. Typi cal incandescent light bul bs 

are shown i n Fi g 3. 14 

 

Fi g 3. 14 Incandescent Light Bul bs [30] 
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CHAPTER # 4 

Project l ayout and Soft ware 

Si mul ati on 
4.  Project l ayout and soft ware si mul ati on.  

Soft ware si mul ati on is done on Proteus soft ware and i n whi ch virt ual connecti on is used 

to clarify components connects. 

4. 1.  LCD i nterfaci ng with mi cro controller 

Interfaci ng of LCD wit h mi cro-controller is shown i n Fi g 4. 1 and Fi g 4. 2.  

 

 16 x 4 LCD is used t o displ ay dat a.  

 Pi n Vss, R/ W are ground toget her.. 

 Pi n RS is connect ed t o micro controller at pi ns 12.  

 Pi n E of LCD is connected t o mi cro controller at pi ns 13.  

 The dat a pi n D4, D5,  D6, D7 of LCD is connect ed t o mi cro controller pi ns 

14, 15, 16, 17.  

 

 

      Fi g 4. 1 LCD Interfaci ng                           Fi g 4. 2 Mi cro Controller Connecti ons 
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4. 2.  Interfaci ng of Ac voltage sensors wit h micro-controller 

4. 2. 1. Voltage sensor 1: 

 

Interfaci ng of Voltage Sensor 1 wit h Mi cro Controller is shown i n Fi g 4. 3.  

 

 A st ep down (pot ential transfor mer) is used as a voltage sensor. It step down 250 V 

to 12 V.  

 First of all phase 1 (P1) and neutral ( N1) of source 1 / source 2 is connect ed t o 

pri mar y si de of potential transfor mer 1. 

 Secondary voltages of pot ential transfor mer 1 are gi ven t o bri dge rectifier for t he 

conversi on of ac t o dc.  

 No w capacit or is used t o s moot h t he out put dc voltages of bri dge rectifier.  

 Aft er t hat bri dge rectifier out put is connect ed t o voltage di vi der circuit. 

 Thi s voltage di vi der circuit converts 12 v dc i nt o pure 5 v dc.  

 Then t his 5v dc is fed t o mi cro controller at pi n 26. 

 

 

 

Fi g 4. 3 Interfaci ng of Voltage Sensor 1 wit h Mi cro Controller 

 

4. 2. 2. Voltage sensor 2: 

 

Interfaci ng of Voltage Sensor 3 wit h Mi cro Controller is shown i n Fi g 4. 4.  
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 A st ep down (pot ential transfor mer) is used as a voltage sensor. It steps down 250 V 

to 12 V.  

 Phase 2 ( P2 ) and neutral  ( N2 ) of source 1 / source 2 is connect ed t o pri mar y si de 

of potential transfor mer 2.  

 Secondary voltages of pot ential transfor mer 2 are gi ven t o bri dge rectifier for t he 

conversi on of ac t o dc.  

 No w capacit or is used t o s moot h t he out put dc voltages of bri dge rectifier.  

 Aft er t hat bri dge rectifier out put is connect ed t o voltage di vi der circuit. 

 Thi s voltage di vi der circuit converts 12 v dc i nt o pure 5 v dc.  

 Then t his 5v dc is fed t o mi cro controller at pi n 27. 

 

 

Fi g 4. 4 Interfaci ng of Voltage Sensor 2 wit h Mi cro Controller 

4. 2. 3. Voltage sensor 3: 

Interfaci ng of Voltage Sensor 3 wit h Mi cro Controller is shown i n Fi g 4. 5.  

 

 A st ep down (pot ential transfor mer) is used as a voltage sensor. It step down 250 V 

to 12 V.  

 Phase 3 (P3) and neutral ( N3) of source 1 / source 2 is connected t o pri mary si de of 

pot ential transfor mer 3.  

 Secondary voltages of pot ential transfor mer 3 are gi ven t o bri dge rectifier for t he 

conversi on of ac t o dc.  

 No w capacit or is used t o s moot h t he out put dc voltages of bri dge rectifier.  

 Aft er t hat bri dge rectifier out put is connect ed t o voltage di vi der circuit. 
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 Thi s voltage di vi der circuit converts 12 v dc i nt o pure 5 v dc.  

 Then t his 5v dc is fed t o mi cro controller at pi n 28. 

 
Fi g 4. 5 Interfaci ng of voltage Sensor 3 wit h Mi cro Controller 

4. 3.  Interfaci ng of current sensor wit h Mi cro Controller 

4. 3. 1. Current sensor 1: 

 

Interfaci ng of current sensor 1 wit h mi cro controller is shown i n Fi g 4. 6.  

 

 ACS712 hall effect current sensor is used.  

 Phase 1 (P1) of source 1/ source 2 is connected t o IP+ ter mi nal of current sensor 1.  

 Ac a mpere met er is used in series wit h phase 1 and I P+ ter mi nal of current sensor 1.  

 No w one ter mi nal of l oad is connected t o t he IP- ter mi nal of current sensor 1 and 

second ter mi nal of l oad is connected t o neutral N2 of source 1 / source 2.  

 No w Vcc is provi ded at ter mi nal 8 of current sensor 1.  

 Fi nall y VOUT t er mi nal or 7pi n- ter mi nal of current sensor 1 is connect ed t o mi cro 

controller pi n 23.  

 

Fi g 4. 6 Current Sensor 1 
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4. 3. 2. Current sensor 2: 

Interfaci ng of current sensor 2 wit h mi cro controller is shown i n Fi g 4. 7. 

 ACS712 hall effect current sensor is used.  

 Phase 2 (P2) of source 1/ source 2 is connected t o IP+ ter mi nal of current sensor 2.. 

 No w one ter mi nal of l oad is connected t o t he IP- ter mi nal of current sensor 2 and 

second ter mi nal of l oad is connected t o neutral N2 of source 1 / source 2.  

 No w Vcc is provi ded at ter mi nal 8 of current sensor 2.  

 Fi nall y VI OUT t er mi nal or 7pi n- ter mi nal of current sensor 2 is connected t o mi cro 

controller pi n 24.  

 

 

Fi g 4. 7 Current sensors 2 

 

4. 3. 3. Current sensor 3: 

Interfaci ng of current sensor 3 wit h mi cro controller is shown i n Fi g 4. 8. 

 ACS712 hall effect current sensor is used.  

 Phase 3 (P3) of source 1/ source 2 is connected t o IP+ ter mi nal of current sensor 3.. 

 No w one ter mi nal of l oad is connected t o t he IP- ter mi nal of current sensor 3 and 

second ter mi nal of l oad is connected t o neutral N3 of source 1 / source 2.  

 No w Vcc is provi ded at ter mi nal 8 of current sensor 3.  

 Fi nall y VI OUT t er mi nal or 7pi n- ter mi nal of current sensor 3 is connected t o mi cro 

controller pi n 25.  
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Fi g 4. 8 Current sensors 3 

4. 4.  Overall circuit si mulati on 

CASE # 1: When source 1 is on 

 

 When source 1 is on then overall circuit si mul ation is shown i n Fi g 4. 9.  

 

 
Fi g 4. 9 Overall Ci rcuits When Source 1 is on 
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CASE # 2: When source 2 is on  
When source 2 is on then overall circuit si mul ati on is shown i n Fi g 4. 10 

 

 
Fi g 4. 10 Overall Ci rcuits When Source 2 is on 

 

 
Fi g 4. 11 Out put When Source 1 is on    Fi g 4. 12 Out put When Source 2 is on 
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CHAPTER # 5 

Desi gn and I mpl e mentati on 
 

5.  Desi gn and i mpl e ment ati on 
Co mpl et e proj ect consist of foll owi ng unit: 

 

1.  PCB desi gni ng  

2.  Volt age sensor or Pot ential transfor mers and t heir connecti ons 

3.  Bri dge rectifier circuit 

4.  ACS 712 Current sensors and t heir connecti ons 

5.  Mi cr o-controller i nterfacing wit h LCD 

6.  Current transfor mer interfaci ng 

7.  Synchroni zati on modul e  

8.  Loads unit connecti ons 

5. 1.  PCB Desi gni ng 

The compl et e PCB l ayout of mai n circuit is shown in Fi g 5. 1.  

 

 
Fi g 5. 1 PCB Layout of Mai n Ci rcuit  
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Fi g 5. 2 Hardware PCB of Mai n Ci rcuit  

5. 2.  Voltage sensor or Potenti al transfor mers and t hei r connections: 

Pot ential transfor mer is shown i n Fi g 5. 3. 

 
 

Fi g 5. 3 Potenti al Transfor mer 

5. 2. 1. Expl anati on  

 

A 220V/ 4. 5V step-down transfor mer is utilized in t his proj ect. This transfor mer reduces 

the input 220V t o 4. 5 V.  In order t o convert 4. 5 ac volts int o pure dc, a bridge rectifier is 

attached t o t he step-down transfor mer' s out put. 
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5. 3.  Bri dge rectifier circuit: 

Bri dge rectifier circuit is shown i n Fi g 5. 4.  

 
 

Fi g 5. 4 Bri dge Rectifier Ci rcuit 
5. 3. 1. Expl anati on: 

Bri dge rectifiers are used to convert 4. 5 VAC i nt o 4. 5 VDC. In a bri dge rectifier circuit, a 

100- mi crofarad capacit or is used for s moot hi ng pur poses, whi ch eli mi nates ri ppl es i n t he 

out put of t he bri dge rectifier. In t his circuit, a variabl e resist or is also used to mai nt ai n t he 

out put of t he bri dge rectifier at 4. 5 V dc.  

5. 4.  ACS 712 Current sensor and its connection: 

ACS 712 Current sensor is shown i n Fi g 5. 5.  

 
Fi g 5. 5 ACS 712 Current Sensor 
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5. 4. 1. Expl anati on : 

The ACS- 712 hall effect current sensor volts is utilized i n t his proj ect. Both positi ve and 

negati ve currents are measured by t his current sensor. This current sensor' s DC offset is 

5V. The phase is linked to t he IP+ ter mi nal i n t his sensor circuit. One common l oad unit 

ter mi nal is linked t o t he IP ter mi nal, while t he second l oad unit ter mi nal is connect ed t o 

the neutral. Pi n 23 of t he mi cro-controller is linked t o t he Vout out put of t he ACS712 

current sensor. 

5. 5.  Mi cro-controller i nterfaci ng wit h LCD:  

Interfaci ng of At mega 328P Mi cro-controller is shown i n Fi g 5. 6. 

 

 
Fi g 5. 6 At mega 328P Micro- Controller Interfaci ng 

5. 5. 1. Expl anati on:  

 

 16 x 4 LCD is used t o displ ay dat a.  

 Pi n Vss, R/ W are ground toget her.. 

 Pi n RS is connect ed t o micro controller at pi ns 12.  

 Pi n E of LCD is connected t o mi cro controller at pi ns 13.  

 The dat a pi n D4, D5,  D6, D7 of LCD is connect ed t o mi cro controller pi ns 

14, 15, 16, 17.  



 
 

39 

5. 6.  Current transfor mer i nterfaci ng: 

Interfaci ng of current transfor mer is shown i n Fi g 5. 7.  

 
Fi g 5. 7 Current Transfor mer Interfaci ng 

5. 6. 1. Expl anati on : 

In t his proj ect, wound current transfor mers are used t o measure the input current of bot h 

the WAPDA source and the finite source. A phase is si mpl y passed t hrough a current 

transfor mer' s holl ow space, and t he current fl owi ng t hrough t he phase is then measured.  

5. 7.  Synchroni zati on modul e: 

Synchroni zati on modul e is shown i n Fi g 5. 8.  

 

 
Fi g 5. 8 Synchroni zati on Modul e 

5. 7. 1. Expl anati on 

In synchroni zati on module zero-cross det ecti on met hod and phase l ocked loop met hod is 

used t o synchroni ze WAPDA source and fi nite source.  
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5. 8.  Loads unit connections: 

5. 8. 1 Expl anati on 

In t his proj ect we use incandescent light bul bs as a l oad.  Tot al si x i ncandescent bul b are 

used and gi ve cumul ative l oad 580 W. We can vary t his l oad by t urni ng on or off 

s witches. These l oads are connect ed wit h current sensor and sources. Load unit is shown 

in Fi g 5. 9. 

 

 
Fi g 5. 9 Load unit 

5. 9.  Co mpl ete Hardware: 

5. 9. 1. Expl anati on 

Co mpl et e hardware consists of mai n met er circuit, synchroni zati on circuit, current 

transfor mers, Circuit breaker, loads unit and s witches.  

First of all WAPDA source and consumer source are li nked t oget her and synchr oni ze 

aut omaticall y i n synchroni zati on circuit. Pot ential transfor mer is used as a voltage sensor 

for measuri ng i nput voltages of bot h sources ( WAPDA,  consumer). Pot ential 

transfor mers reduce t he voltages of bot h sources to t he desired val ue, and t he out put of 

the pot ential transfor mers or voltage sensors is t hen supplied t o t he bri dge rectifier whi ch 

converts AC voltages i nto DC voltages. After filteri ng, t he out put of bridge rectifier is 

supplied t o mi cro-controller, whi ch subsequentl y measures and displ ays t he voltage dat a 

of bot h sources on t he LCD.  The ACS 712 Hall effect sensor is used as a current sensor 

for measuri ng l oad current i n positi ve as well as negati ve directi on.. The out put of t he 

current sensor is fed t o mi cro-controller t hen controller measure and displ ay current dat a 

on LCD.  
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At on peak hour , consumer l oad is hi gh t han its generati on so in t his case, consu mer 

source need some power from utility gri d t o fulfill load require ment so current is fl ow 

from utility gri d t o consu mer, the ACS712 current sensor det ects t his positi ve fl ow of 

current and gi ve out put to mi cro-controller. Then mi cro-controller use t he dat a  of 

current , voltage and display for war d power on LCD.  

Si mil arl y at off-peak hour consumer l oad is l ow t han its generati on so i n t his case surpl us 

power is fed back t o utility gri d hence current is flow from consumer source  to utilit y 

gri d, the ACS712 current sensor det ect t he negative flow of current and gi ve out put t o 

mi cro-controller. Then mi cro-controller use t he dat a of current , voltage and displ ay 

reverse power on LCD Fi nall y mi cro-controller di spl ay all data on LCD wi t h respect t o 

del ays added i n source code. Co mpl et e hardware shown i n Fi g 5. 10.  

 

 

 
Fi g 5. 10 Co mpl ete Hardware 
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Chapter # 06 

Res ults and Di scussi on 
 

6.  Results and Di scussion 

6. 1. Results: 

By t he grace of Allah Almi ght y, we successfull y desi gned a bi-directi onal energy met er 

that measures for war d and reverse power. The tabl e 6. 1 and out put picture of hardware 

serve as proof of t his. 

S1: Fi nite source  

S2: WAPDA source 

TABLE 6. 1 Out put at Di fferent l oads 

 

 

 

 

 

 

 
 

For ward power Reverse Power 

Load I mport 

power 

Export 

power 

Po wer 

flow 

Load I mport 

power 

Export 

power 

Po wer 

flow 

580 W 171 W 0 W S2 t o  S1 360 W 0 W 28 W S1 t o  S2 

520 W 120 W 0 W S2 t o  S1 300 W 0 W 79 W S1 t o  S2 

480 W 78 W 0 W S2 t o  S1 260 W 0 W 117 W S1 t o  S2 

400 W 2 W 0 W S2 t o  S1 200 W 0 W 172 W S1 t o  S2 
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6. 2. Discussi on: 

For ward Power Measure ment : 

Case # 1: When 580 W Load is Connected 

When we connect 580 W l oad t hen met er show 171 W i mport power , whi ch means t hat 

the fi nite source getti ng 171 W power from WAPDA t o fulfill load require ment. Out put 

is  shown i n Fi g 6. 1. 

 

Fi g  6. 1 Out put When 580 W Load is Connected 

Case # 2: When 520 W Load is Connected 

When we connect 520 W l oad is connected, i n this case fi nite source i mport 120 W 

power from WAPDA.  In  t his case load utilize  400 W power from finite source and 

re mai ni ng 120 W power is i mport ed from WAPDA.  Out put shown i n Fi g 6. 2. 

 

Fi g 6. 2 Out put When 520 W Load is Connected 
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Case # 3: When 480 W Load is Connected 

When 480 W l oad is connect ed t hen fi nite source need 78 W power i mport from 

WAP DA t o fulfill load require ment. In t his case  load utilize 402 W power from fi nite 

source and 78 W power from WAPDA.  Out put is shown i n Fi g 6. 3.  

 

Fi g 6. 3 Out put When 480 W Load is Connected 

 

Reverse Power Measure ment : 

Case # 4: When 300 W l oad is Connected 

When 300 W l oad is connect ed, t hen met er show 79 W export power whi ch means t hat 

fi nite source fed back surpl us 79 W power to WAPDA . Out put is shown i n Fi g 6. 4.  

 

Fi g 6. 4 Out put When 300 W Load is Connected 
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Case # 5: When 260 W Load is Connected 

When we connect 260 W l oad, i n t his case fi nite source fulfill load require ment and gi ve 

260 W power t o l oad hence surpl us 117 W power is exported t o WAPDA whi ch is 

reverse power. Out put is shown Fi g 6. 5.  

 

Fi g 6. 5 Out put When 260 W Load is Connected 

 

Case # 6: When 200 W l oad is Connected 

When 200 W l oad is connect ed t hen fi nite source capabl e of handli ng t he l oad 

require ment and hence finite source provi de 200 W power for l oad so sur pl us 172 W 

power is export ed to WAPDA.  Out put is shown i n Fi g 6. 6. 

 

 

Fi g 6. 6 Out put When 200 W Load is Connected 
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Chapter # 07 

Envi ronmental and Soci etal Aspects 
 

Thi s chapt er is all about the environment al and soci et al aspects t hat may be occurred i n 

our proj ect and will affect soci et y.  

7. 1. Envi ronment al As pects: 

Environment al aspects are t hose ele ments of an organi zati on, or organi zation' s acti vities, 

pr oduct or servi ces t hat coul d have a si gnificant effect on t he environment. Our proj ect 

pl ays a vital role for handli ng probl e ms i n environ ment because of its effecti ve ener gy 

measure ment.. In our project, an energy measurement i ncl udes the environ ment al aspects 

of energy efficiency, recor d energy usage, monit or power generati on, estimat e t he cost of 

energy and i mpr oved safet y. Some maj or aspects of t his proj ect that affects t he 

environment positi vel y are discussed bel ow i n detail. 

7. 1. 1. Cl ean and Safe: 

Thi s proj ect is environment al friendl y, neat and clean because t here is no produced 

poll uti on duri ng wor ki ng. This proj ect is very safe because all the circuit insi de t he 

insulation hard pl astic body so t here is no shock, hazard produce duri ng worki ng ti me.  

7. 1. 2. Cost/ Enhance efficiency: 

Ma ny contri buti ons are made t o reduce t he energy shortage and boost t he effecti veness of 

the power monit ori ng syst e m. The ti ny rene wabl e cust omer energy sources shoul d be 

connected t o t he mai n grid wit hout reduci ng syste m efficiency; t he measure ment devi ce 

shoul d be efficient enough t hat onl y mi ni mal l osses occur. Our met er has a very hi gh 

efficiency and a very l ow internal power loss.. 

7. 1. 3 Envi ronment al sustai nability: 

Our reliance on sol ar energy for t he generati on of electric energy is a major fact or i n t he 

enhance ment of sustai nabl e resource usage. Gr owi ng attenti on and st udy are bei ng done 
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on t he l ong-ter m vi ability of bi directi onal energy met er vs traditi onal static energy met er 

in poor nati ons. 

7. 2. Soci etal Aspects: 

Soci etal aspects are t he effects of a busi ness or organi zati on' s activities, products, or 

servi ces on soci et y. These can i ncl ude econo mi c i mpacts, soci al i mpacts, and 

environment al i mpacts. An bi-directi onal energy met er deli vers a number of 

environment al benefits. It mai nl y record energy usage, monit or power generati on, 

esti mat e t he cost of energy and i mpr oved safet y.  

7. 2. 1. Enhance Safety 

Ci rcuit breakers and isol ati on circuits i n t his pr oj ect have reduced t he frequency of 

mi shaps, inj uries, and dangers t o operat ors or wor kers while causi ng mi ni mal 

inconveni ences. It can offer feat ures li ke monit ori ng, e mer gency response, and 

preventi on t hat are rarel y seen i n manual skills. 

7. 2. 2. Reducti on of bills 

A bi directi onal met er enabl es consumers t o participat e acti vel y in energy producti on. The 

bill is reduced by exporting self-generated energy to t he gri d.  

Mo nt hl y bill = (energy import ed – energy exported) * ret ail rate ………………Eq (7. 1) 

7. 2. 3. Change i n Educati on: 

The drasticall y altered criteria have required a radi cal transfor mati on i n educati on. The 

foll owi ng are t he essential i nstructi ons for operating an aut omatic syste m:  

 Educat e t he popul ati on and fut ure generati ons 

 Devel op knowl edge and skills.  

 Met hods and educati onal phil osophy 

7. 2. 4. Changi ng i n Labor: 

The mai n di scussi on of t he i mpendi ng transf or mati on has been on ho w hu man 

labour will alt er i n an aut o mat ed worl d. In fact, 50 % of all t asks t hat i ndi vi dual s 

are presentl y pai d t o acco mpli sh can already be aut o mat ed t hanks t o exi sti ng 
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t echnol ogy. For i ndi vidual s who can utili ze t he m,  t hey al so fundame nt all y alt er 

pr esent busi ness structur es and pr oducer-custo mer rel ati onshi ps and gener at e ne w 

j ob pr ospect s. It denot es a require ment for knowl edgeabl e and pr ofessi onal l abour.  

7. 2. 5. Enhanci ng Busi ness: 

Ma ki ng i mpr ove ment s and putti ng ne w softwar e i nt o use t o run t he aut o mat ed 

syst e m and co mmuni cati on syst e m may al so help ot hers gai n usef ul i nsight i nt o your 

co mpany. By shari ng updat es on our progress, we can ackno wl edge our 

transf or mati on and utilize t hi s met hod t o wi n over ne w cli ents and earn t he trust of 

our current ones.  

7. 3. Mappi ng of FYDP wit h SDGs:  

The Sust ai nabl e Devel op ment goals (SDGs) are a set of 17 i nterconnect ed gl obal 

obj ecti ves t hat toget her pr ovi de a "bl uepri nt to achi eve a better and more sustai nabl e 

fut ure for all". They are integral and i ndi visi bl e in order t o bal ance t he three pillars of 

sustai nabl e devel opment—e cono mi c, soci al, and environment al. The mappi ngs of t he 

SDGs t o our fi nal proj ect (FYDP) are shown i n Tabl e 7. 1.  
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Tabl e 7. 1: Mappi ng of FYDP wit h SDGs  

Project Title 

“Desi gni ng of bi-directional energy meter for meas uri ng reverse power flow” 

GOAL 01: No Povert y   

GOAL 02: Zero Hunger   

GOAL 03: Good Healt h and Well- Bei ng  

GOAL 04: Qualit y Educati on   

GOAL 05: Gender Equality  

GOAL 06: Cl ean Wat er and Sanitati on  

GOAL 07: Affordabl e and Cl ean Energy  

GOAL 08: Decent Wor k and Econo mi c Gr owt h  

GOAL 09: Industry, Innovati on and Infrastruct ure  

GOAL 10: Reduced Inequalit y  

GOAL 11: Sust ai nabl e Cities and Co mmunities  

GOAL 12: Responsi bl e Consumpti on and Production  

GOAL 13: Cli mat e Acti on  

GOAL 14: Life Bel ow Wat er  

GOAL 15: Life on Land  

GOAL 16: Peace and Justice Strong Instit utions  

GOAL 17: Part nershi p t o Achi eve t he Goal   

 

 

 

 

 



 
 

50 

Chapter#08 

Concl usi on and Future Suggesti ons 
8. Concl usi on and Fut ure Suggesti ons 

8. 1. Concl usi on 

Thi s proj ect “Desi gni ng of bi-directi onal energy met er for measuri ng reverse power 

fl ow” is very efficient ,low cost, reliabl e and attracti ve for consumers. This desi gned bi 

directi onal energy met er measure and record t he two t ariff energy i mport ed and export ed 

by/t o t he s mall energy producer. At t he end of each billing peri od consumer have a t ot al 

record t hat how much power is consumed by itself and how much power is deli ver t o 

WAP DA. This proj ect fulfill the Net Met eri ng mechanis m i n order t o reduce electricit y 

bills, encourages the consumer to take part in energy regul ation, reduce bills.  

Thi s proj ect not onl y activat es consumers t o partici pat e i n energy management but also a 

secure control syste m t o set and s witch l oad accor di ng t o t heir need and choi ce. As a 

scope for fut ure, additi onal communi cati ons li ke GS M based i mpl e ment ations can ensure 

hi gher perfor mance and securit y.  

8. 2. Fut ure Suggestions 

 Power Qualit y Management Syst e m, Load sheddi ng control syste m and Load 

manage ment syste m: In or der t o do l oad shedding, l oad shari ng bet ween different 

sources and l oad management aut omaticall y.  

  Measuri ng reverse power fl ow t hrough wirel ess syst e m such as SCADA 

 Bi -directi onal Co mmuni cati on bet ween consumer, utility and Energy Met er 

 Notify Power Fact or change i nstantl y, whi ch is good for st udyi ng nat ure of Load.  

 Securit y syste m such as Theft detecti on syste m t o be installed 

 “Ti me of use” based energy manage ment syste m.  

 Power fact or I mpr ove ment  
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