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ABSTRACT

Thisprojectexploresthereliabilityofprovidinguninterruptedpowersupply

usinganinvertersystem.Aninverterfunctionsbyconvertingdirectcurrent

(DC)from a batteryinto alternating current(AC),which is suitable for

poweringACappliances.Thegoalofthisprojectistodesignandbuilda

6,500-watt(6.5KVA),220-voltinverteroperatingatafrequencyof50Hz.The

deviceisconstructedusinglocallyavailablecomponentsthatmeetstandard

specifications.Itsoperationisbasedontheintegrationofmultiplesub-

circuits,eachcontributingtotheoverallefficiencyandperformanceofthe

system.Thesesub-circuitsincludetheoscillatorcircuit,chargingunit,driver

circuit,low battery/overloadshutdownprotection,soft/controlledcharging

circuit,surgeprotection,automaticchangeover/powersupplyunit,andthe

outputsectionconsistingofMOSFETsandatransformer.Additionally,the

system featuresamonitoringinterfacethatuseslight-emittingdiodes(LEDs)

andaliquidcrystaldisplay(LCD)toconveyreal-timestatusinformationto

theuser.Invertersareavailableinvariouspowerratingssuchas1KVA,

1.5KVA,2KVA,2.5KVA,and5KVA,amongothers.Sincetheintroductionof

invertertechnology,manyofthechallengesassociatedwithconventional

backuppowersourceshavebeensignificantlyminimized.Issueslikenoise,

harmfulemissions,and the recurring costs offuel,oil,and generator

maintenancehavelargelybeenresolved.
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CHAPTERONE

1.0 INTRODUCTION

1.1BACKGROUNDOFTHESTUDY

Theglobalenergysectorisrapidlyevolvinginresponsetogrowingconcerns

aboutenvironmentalharm,energysecurity,andtheescalatingcostsoffossil

fuels.In countries like Nigeria,frequentpoweroutages,unreliable grid

electricity,andthehighrunningexpensesofdieselgeneratorshavedriven

both householdsand businessesto seekmorereliableand sustainable

energyoptions.Solar-basedhybridinvertersystemshaveemergedasa

practicalsolution,combiningrenewableenergysourceswithbatterystorage

todeliverconsistent,eco-friendly,andcost-efficientpower.

A hybridinvertersystem isasophisticatedenergyconversiontechnology

thatintegrates solarphotovoltaic (PV)input,battery storage,and grid

connectivityto supplyelectricityto users.Unlikeconventionalinverters,

hybridinvertersarecapableofintelligentlymanagingvariouspowersources

andoptimizingtheirusageaccordingtoenergyavailabilityandconsumption

needs.Assolarpanelsandbatterytechnologiesbecomemoreaffordable,

these systems are increasingly within reach for more people and

organizations,enablingreducedrelianceonthenationalgridandenhanced

powerreliability.

InNigeria,wherepoweroutagesarecommonandcanpersistforhoursor

evendays,aproperlydesignedhybridinvertersystem providessignificant

advantages.A6.5kVAsystem isespeciallyappropriateforsmalltomedium-

sizedhouseholds,smallenterprises,andinstitutions.Itcaneffectivelypower

essentialappliancessuchaslights,fans,TVs,refrigerators,computers,and

otherdeviceswithlow tomoderateenergydemands.Implementingsuch

systemscantransform homeenergyusage,boostproductivity,andlessen

theenvironmentalimpactassociatedwithdieselandpetrolgenerators.
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1.2PROBLEM STATEMENT

UnreliableelectricitysupplyremainsamajorchallengeinNigeria,affecting

productivityinhomes,offices,andeducationalinstitutions.Thehighcost

andenvironmentalimpactoffuelpoweredgeneratorsnecessitateacleaner

andmoresustainablesolution.Ahybridinvertersystem poweredbysolar

energyandsupportedbybatteriesoffersafeasibleandefficientalternative.

Frequentpoweroutages,voltagefluctuations,anddependenceonfossilfuel

generatorscontinuetodisruptenvironmentalactivities.

Despite growing awareness ofsustainable energy,many homes and

businessescontinuetorelyheavilyonfuel-poweredgenerators,leadingto

highoperatingcosts,noisepollution,andincreasedcarbonemissions.This

overdependenceonfossilfuelscontradictsglobaleffortstopromoteclean

andrenewableenergysolutions.

Atthesametime,thereremainsasignificantgapinthepracticaladoptionof

modernenergytechnologiessuchassolarhybridinvertersystems,which

arecapableofprovidingstable,cost-effective,andenvironmentallyfriendly

electricity.The lack ofwidespread implementation limits the potential

benefits these systems offer,including energy independence,reduced

relianceonunstablegridsupply,andlong-term economicsavings.

Thereis,therefore,acriticalneedforscalable,reliable,andsustainable

energysolutions.Deployingsystemslikethe6.5kVAsolarhybridinvertercan

playakeyroleinaddressingpersistentpowerchallenges,promotingcleaner

energyuse,andsupportingthetransitiontowardamoreresilientand

efficientenergylandscape.

1.3AIM

Theaim ofthisprojectistodesign,fabricate,andinstallationofa6.5kVA

hybrid solarinvertersystem capableofproviding reliable,efficient,and

sustainablepowersupplyforresidentialuse.
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1.4OBJECTIVES

Thespecificobjectivesoftheprojectare:

i. todesigna6.5kVAhybridinvertersystem.

ii. toinstallandintegratethecomponentsincompliancewithelectrical

standards.

iii. totestthesystem’sperformanceinrealoperatingconditions.

iv. toanalyzetheeconomicandenvironmentalbenefitsofthehybrid

system.

1.5SCOPEOFTHESTUDY

Thisprojectcentersontheimplementationofamedium-capacity(6.5kVA)

hybridinvertersystem designedforastandardresidentialorhome-office

environment.Itincludeskeyaspectssuch asload assessment,system

design,componentselectionandprocurement,installation,andperformance

evaluation.Thesetupincorporatessolarphotovoltaic(PV)panels,ahybrid

inverter,abatterybank,achargecontroller,andnecessaryprotectivedevices.

Thescopeoftheprojectexcludeslarge-scaleindustrialpowersystems,the

useofwind orhydro energysources,and advanced remotemonitoring

featuresbeyondbasicinvertermobileapplications.

1.6SIGNIFICANCEOFTHESTUDY

Theimportanceofthisprojectstemsfrom itspracticalandeasilyreplicable

method oftackling energy challenges through the use ofhybrid solar

technology.Thestudy:

1. Providesapracticalguidetoinverterinstallation

2. Demonstratestechnicalandeconomicfeasibility

3. Offersempiricaldataonsystem performance

4. Encouragestheadoptionofgreenenergyindevelopingregions

1.7LIMITATIONS

Althoughthisprojectdeliversaneffectiveandoperationalhybridinverter
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system,ithasafewlimitations:

1.The6.5kVA capacityisnotsufficientforpoweringheavyindustrial

equipment.

2.Solarenergygenerationisdependentonweatherconditions,which

canaffectperformance.

3.Budget constraints limit the number of batteries and exclude

advancedmonitoringtools.

4.Continuous real-time data logging over long durations is not

incorporated.

CHAPTERTWO

2.0LITERATUREREVIEW

2.1REVIEW OFRELATEDWORKS

Thischapterreviewsthetheoreticalandempiricalfoundationsofhybrid

invertersystems with an emphasis on solarenergyintegration,energy

storagetechnologies,powerelectronics,andthestateofrenewableenergy

adoption in Nigeria.Itdrawsfrom scholarlyarticles,technicalmanuals,

engineering standards,and real-world case studies to contextualize the

designanddeploymentofa6.5kVAhybridinvertersystem.Theincreasing

globaldemandforcleanandreliableenergyhasledtoaparadigm shiftfrom

fossilfuel-based generation to renewable energy sources.Among the

renewables,solarphotovoltaic(PV)systemshavegainedprominencedueto

theirsustainabilityand scalability.However,challenges such as energy

intermittency,voltage regulation,and power reliability necessitate the

integration ofsmartpowerelectronics like inverters,especially hybrid

systemsthatblend solar,battery,and grid inputs.Thischapterreviews

foundationalconceptsandrelatedstudiesonsolarPVtechnologies,inverter

systems,hybridpowerconfigurations,andtheirperformanceevaluation.

Sambo(2018)emphasizedNigeria’ssolarpotential,advocatingforwider
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adoptionofPV systems.Yet,implementationremainslow,partlydueto

technicalskillgapsandsystem cost.Oseni(2020)andOlatundeetal.(2020)

discussed hybrid systems for rural communities, highlighting cost-

effectivenessbutnotfocusingoninstitutionalapplicationslikedepartment-

levelenergyneeds.

Yusufetal.(2022)conductedsimulationsonPV-batteryinvertersystems

andnotedperformancegainsusingMPPTchargecontrollers,suggesting

that conventional PWM controllers are suboptimal. Adefarati (2022)

developed a smartmonitoring system forhybrid inverters butfocused

primarilyonIoTintegrationratherthansystem sizingandefficiency.

Ayodeleetal.(2018)analyzedaPV-diesel-batteryhybridinNigeria,revealing

significantfuelsavings,yetdieselwas retained as a backup,limiting

environmentalgains.Hassan etal.(2021)explored battery integration

strategies,recommendinglithium-ionforextendedlifecycles.

StudieslikethosebyOkonkwoetal.(2021)andAdepoju(2023)evaluated

performancemetricsinhybridPVsystems,citingunderutilizationduringlow-

load periods and challenges in inverterprogramming.Oladipo (2021)

comparedMPPTandPWM controllers,withMPPTachieving20–30%higher

efficiency.Singh (2022)focused on powerquality,especially harmonic

reductionthroughinverterfiltering.

Adekanmietal.(2024),intheirpublicationinSustainableEnergyResearch,

reviewedhybridenergystoragesystemsforgridintegration,emphasizing

energyflow strategiesandbatterylifecycleenhancement.However,their

studylackedpracticalimplementation,especiallywithinNigerianacademic

institutions,anddidnotincludeinverter-specificsizingmodels.Thiscurrent

workaddressesthosegapsbyimplementingafunctional4.2kVA hybrid

invertersystem atKwaraStatePolytechnic,offeringcomprehensivedesign

metricsandpracticaldeploymentinsights.

Similarly,Bughnedaetal.(2021),inastudypublishedinEnergies,analyzed
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multilevelinvertertopologiesforphotovoltaic(PV)systemswithafocuson

theirefficiencyandoutputquality.Whiletheirresearchprovidedvaluable

insights,itwastailoredtohigh-powerindustrialapplicationsandoverlooked

therelevanceofsuchtechnologiesinsmall-scaleeducationalorresidential

settings.Inresponse,thisworkadaptsthoseconceptsforalow-cost,small-

scaleeducationalenvironmentusingreadilyavailablecomponents,making

thedesignmoreapplicabletolocalinstitutions.

Gómezetal.(2023),writinginEng(MDPI),providedacomprehensivesurvey

ofhybridPVsystem architecturesandcontrolmethods,includingtheuseof

IoTforperformanceoptimization.Despitetheirtechnologicaldepth,their

studydidnotdelveintosystem protectionmechanisms,practicalcabling

requirements, or deployment strategies in low-income or resource-

constrained environments.The presentstudy bridges these gaps by

includingdetailedinstallationwiring,localizedprotectiontechniques,and

invertermonitoringsystemssuitableforeducationalinstitutionswithlimited

resources.

An article published in Renewable Energy Focus (2023) offered a

comparative review of standalone versus grid-tied hybrid systems,

emphasizingenergybalancingtechniques.Nonetheless,thestudyfailedto

exploretheimplementationofsuchsystemsinacademiclaboratoriesor

addressloadschedulingtailoredtosmallinstitutionalpowersystems.This

research demonstrates effective load prioritization and switching logic

specifically designed for departmental power management within a

polytechnicsetting.

Finally,Yusufetal.(2022),intheNigerianJournalofSolarEnergy,presented

acasestudyonsolarsystem installationinaruralsecondaryschoolin

Nigeria.Whilethestudyhighlightedimportantaspectsofsolarandbattery

integration,itdid notincorporate hybrid switching mechanisms,grid

interaction,ormonitoringcapabilities.Thepresentworkfillsthisvoidby

integratingahybridsystem thatincludesgridinteraction,amobileapp-
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based monitoring solution,and both manualand automaticchangeover

switches,therebyenhancingsystem reliabilityandusabilityinanacademic

environment.

2.2ENERGYDEMANDANDPOWERRELIABILITYCHALLENGES
INNIGERIA

Nigeria,withapopulationofover200million,haslongstruggledwithan

unreliablepowersupply.Thecountry’snationalgridisplaguedbyfrequent

outages,poor transmission infrastructure,and inadequate generation

capacity.According to the Nigerian Electricity Regulatory Commission

(NERC,2021),onlyabout57%ofthepopulationhasaccesstoelectricity,with

muchlowerreliabilityinruralareas.Eveninurbancenters,dailyblackouts

are common,leading to heavy dependence on fossil-fuelgenerators

(Oyedepo,2012).Thesechallengeshavefueled interestin decentralized

renewable energy solutions,especially solar systems.Hybrid inverter

systemsprovidearealisticsolutionbybridgingthereliabilitygapthrough

energystorageandintelligentswitchingbetweenmultiplepowersources.

2.3RenewableandNon-Renewable

EnergySourcesNon-renewableenergysourcessuchascoal,oil,andnatural

gas are finite and contribute significantlyto environmentaldegradation

throughgreenhousegasemissions.Renewableenergysources,including

solar,wind,hydro,and biomass,are naturally replenished and provide

cleaneralternatives.Solarenergy,inparticular,isreadilyavailableinNigeria,

withaveragedailyinsolationlevelsmakingitidealforsmall-andmedium-

scalepowergenerationsystems(Sambo,2018).Thecountryreceivesan

averagesolarinsolationofabout5.5kWh/m²/day,makingitidealforsolar

applications.
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2.4OVERVIEW OFSOLARENERGYSYSTEMS

Figure2.1:BasicConfigurationofaSolarPVSystem

Source:(Pakkiraiah,B.&Sukumar,GDurga.2016)

Solarenergysystemsaredesignedtocapturesunlightandconvertitinto

usableelectricalenergy.Thebasiccomponentsinclude:

i. SolarPanels:Convertsunlightintodirectcurrent(DC).

ii. Inverter:ConvertsDCtoalternatingcurrent(AC).

iii. ChargeController:Regulatesvoltageandcurrenttothebatteries.

iv. BatteryBank:Storesexcessenergyforuseduringlowsunlightorgrid

failure.

v. BalanceofSystem:Includesmounting,wiring,andprotectivedevices.

Solarenergy is abundantin Nigeria,with average daily solarradiation

rangingbetween3.5to7.0kWh/m²/day.Thismakesithighlysuitableforoff-

gridandhybridsystems.

2.5HYBRIDPOWERSYSTEMS

Ahybridpowersystem integratestwoormoreenergysourcestoprovide

electricitywithgreaterreliabilityandefficiency.Typicalcombinationsinclude

solar-diesel,solar-grid,solar-wind,andsolar-batterysetups.Atthecoreof

thesesystemsarehybridinverters,whichcoordinateinputsfrom various
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sourcesandensureoptimizedpoweroutput.

Figure2.2:SchematicLayoutofaSolarHybridSystem

Source:https://blog.solarclue.com/wp-content/uploads/2024/09/hybrid-

solar-system-diagram.png

Hybridsystemsofferseveraladvantagesoversingle-sourcesystems:

i. UninterruptedPowerSupplythroughintelligentsourceswitching.

ii. Improved Energy Efficiency via maximum powerpointtracking

(MPPT).

iii. CostOptimizationbyreducinggeneratororgridreliance.

iv. EnvironmentalBenefitsbyintegratingrenewablesources(Hossainet

al.,2019).

2.6 INVERTERTECHNOLOGY

AninverterisadevicethatconvertDCvoltageintoAC.Insolarapplications,

theinverterenablestheuseofDCenergystoredinbatteriesorgeneratedby

PVpanelstopowerACappliances.

2.6.1 TYPESOFINVERTERS
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i. Off-GridInverters:Operateindependentlyofthenationalgrid.

ii. Grid-TiedInverters:Syncwiththegridandmayexportexcesspower.

iii. HybridInverters:Combinethecapabilitiesofoff-gridandgrid-tied

systems.Theymanagepowerfrom solar,battery,andgridsources

andoftensupportloadprioritization,batteryoptimization,andnet

metering.

However,therearedifferenttypesofinvertersbasedonhow theyoperate

withotherpowersources.Theseincludeoff-gridinverters,on-gridinverters

andhybridinverters.Eachhasitsownmodeofoperation,applicationand

advantages.

Figure2.3belowillustratesthebasicconfigurationbasedonfunctionality.

Figure2.3:TypesofInvertersBasedonFunctionality

Source:https://miro.medium.com/v2/resize:fit:1400/0*r7xcNwZ_rQAtH77n

2.6.2 KEYFEATURESOFHYBRIDINVERTERS

i. MPPTtracking:EverysolarpanelhasaMaximum PowerPoint(MPP)

aspecificcombinationofvoltageandcurrentatwhichthepanel

producesthemostpower.However,thispointchangesthroughout

thedayduetofluctuationsinsunlightintensity,temperature,and

shading.Itisthereal-timeprocessofcontinuouslyadjustingthe

electricaloperatingpointofthesolarpaneltostayatornearthat

maximum power point,thereby maximizing the energy thatis
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harvestedanddeliveredtothebatteryorload.

ii. Batterymanagement:Referstothesetofpractices,technologies,and

systems used to monitor,control,protect,and optimize battery

performanceinenergysystemsespeciallyinhybridinvertersetups.

iii. Sourceprioritization(solar→ battery→ grid):referstotheintelligent

sequenceinwhichahybridinverterdecideswhichpowersourceto

usefirst,inordertomaximizeefficiency,reducecosts,andextend

system life.

iv. Loadscheduling:istheprocessofplanningwhenspecificelectrical

appliancesshouldturnonorofftooptimizeenergyusageinasolar

orhybridinvertersystem.

v. Wi-Fi/IOTmonitoringinterfaces:aredigitalplatformsthatallowusers

toremotelymonitorandcontroltheirhybridinvertersystemsusing

internet-connecteddeviceslikesmartphones,tablets,orcomputers.

2.7 BATTERYSTORAGETECHNOLOGIES

Energystorage is criticalin hybrid systems,allowing energygenerated

duringthedaytobeusedatnightorduringgridfailure.

2.7.1BATTERYTYPES

i. Lead-AcidBatteries:Affordable,widelyused,butlimitedcyclelife.

ii. Lithium-IonBatteries:Longerlifespan,higherenergydensity,more

expensive.

iii. Gel/AGM Batteries:Sealedlead-acidtypeswithlowermaintenance

needs.

Batteryselectiondependsondepthofdischarge,efficiency,maintenance,

cost,andlifecycle(Larcher&Tarascon,2015).

2.7.2 BATTERYSIZINGANDMANAGEMENT

Properbatterysizingisessentialtoensurethesystem canstoreenough
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energytomeettherequiredload.Ifthebatteriesaretoolarge,costsincrease

unnecessarily;iftheyaretoosmall,backuptimeisreducedandthebatteries

wearoutmorequickly.

2.8ENERGYMANAGEMENTSYSTEMS(EMS)

ModernhybridsystemsrelyonEMStoautomateenergysourceprioritization,

load shedding,charge-discharge cycles,and faultdetection.Figure 2.4

presentsanarchitectureofanenergymanagementsystem.Awell-designed

EMS:

i. Enhancessystem lifespan

ii. Reducesenergylosses

iii. Providesdataforperformancetracking

Figure2.4:ArchitectureofanEnergyManagementSystem

ManyhybridinvertersareequippedwithintegratedEnergyManagement

System (EMS)capabilitiesandintuitivemobileinterfaces.Thesesystemsare

engineeredtoefficientlymanage,control,andoptimizetheproduction,

storage,anddistributionofelectricitywithinahybridpowersetup.

Figure2.4abovedepictsthefundamentallayoutofanEMS,highlightingthe

interaction between key components—such as inverters,solarpanels,

batteries,loads,and communication modules—coordinated by a central

controlunittoensurebalancedenergyflowandoptimalsystem operation.



13

2.9COMPONENTSIZINGTECHNIQUES

Sizingisfundamentaltosystem efficiencyandincludesthefollowingsteps:

1.LoadAnalysis:Determiningtotaldailyenergydemand(inWhorkWh).

2.InverterSizing:Mustexceedpeakloadwithasafetymargin.

3.BatterySizing:Basedonload,autonomydays,depthofdischarge.

4.PVSizing:Dependsondailyenergyrequirementandpeaksunhours.

5.ChargeControllerSizing:Basedonarraycurrentandsystem voltage.

Under-sizing leads to overload,while over-sizing increases projectcost
(Chauhan&Saini,2014).

2.10NIGERIANCONTEXTFORRENEWABLEENERGY
DEPLOYMENT

Despiteabundantsolarresources,Nigeria’srenewableenergypenetration

remainslow.RegulatoryframeworksliketheRenewableEnergyMasterPlan

(REMP),theNationalEnergyPolicy(NEP),andtheElectrificationRoadmap

(withSiemens)aim topromoteoff-gridsolutions,butimplementationisslow.

Barriersinclude:

i. Highinitialcost

ii. Lackofskilledtechnicians

iii. Inconsistentgovernmentincentives

iv. Limitedawareness

However,initiativessuchastheRuralElectrificationAgency(REA)anddonor

-funded mini-grid pilotshavestarted driving awarenessand adoption of

hybridsystems,especiallyinruralareas(Ohunakinetal.,2014).

2.11ENVIRONMENTALANDECONOMICBENEFITS

Adoptinghybridinvertershasbothenvironmentalandeconomicimpacts:

i. ReducesCO₂emissionscomparedtogenerators

ii. Lowersoperationalcostsduetozerofuelrequirements

iii. Minimizesnoisepollution
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iv. Improvesenergyindependence

ThesebenefitscontributetoSDG7(AffordableandCleanEnergy)andSDG
13(ClimateAction).

2.12 SUMMARYOFCRITICALREVIEW
From thereviewedliterature,itisevidentthatsignificantprogresshasbeen

madein thedevelopmentofhybrid renewableenergysystemsglobally.

However,most studies either focus on large-scale or ruraloff-grid

applications,withlimitedattentiontoacademicenvironmentsindeveloping

countrieslikeNigeria.Furthermore,thepracticalintegrationofsolar,battery,

and grid sources with user-friendly features like Wi-Fimonitoring,load

scheduling,andinverterprotectionisoftennotaddressedinfull.

CHAPTERTHREE

3.0METHODOLOGY

3.1SITEASSESSMENTANDPRELIMINARYANALYSIS

Theinitialphaseoftheinstallationinvolvedacomprehensivesite

assessmenttoexaminetheenvironmentalandstructuralsuitabilityofthe

chosenlocation.Thisprocessincluded:

i. Evaluatingrooforientationandtilt:Theroofwasorientedsouthward,

whichisoptimalforsolarpanelinstallationinNigeria.

ii. Assessingpotentialshading:Nearbyobjectssuchastrees,water

tanks,andsurroundingbuildingswerereviewedtoensuretheywould

notobstructsunlightduringpeakhours.

iii. Conductingastructuralreview:Theroofwasinspectedandverifiedto

bestrongandstableenoughtosupporttheweightofthesolarpanels

andmountinghardware.

Thisstagewasessentialforconfirmingtheproject'sviabilityandguidingthe

positioningofsystem componentstoachieveoptimalsolarenergycapture.

3.2STEPSANDPROCEDUREOFSTAGESINVOLVE

Themethodologyfollowsthesestages:
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1.LoadEstimationandProfiling

2.SizingofSystem Components(Inverter,Batteries,SolarPanels)

3.SelectionofComponentsBasedonRatings

4.WiringDesignandElectricalIntegration

5.InstallationandMounting

6.System TestingandCommissioning

7.EconomicFeasibilityAnalysis

8.SafetyandRegulatoryCompliance

3.3LOADESTIMATION

Loadestimationisthefoundationofeverysolarsystem design.Itdetermines

therequiredcapacityofeachcomponent.Table3.1showsasampleofa

residentialloadestimation.Thiswasdoneby:

i. Listingallappliancestobepoweredbythesystem.

ii. Recordingeachappliance’swattageandestimatedusagetime(hours

perday).

iii. Calculatingthetotaldailyenergyconsumptioninwatt-hours(Wh).

Table3.1:SampleResidentialLoadEstimation

Appliance QuantityPowerRating(W)
Usage

(hrs/day)
DailyEnergy(Wh)

LEDBulbs 20 10 5 1000

CeilingFans 6 75 8 3600

Television 1 100 5 500

Laptop 1 60 6 360

Printer 1 400 5 2000

Router/Mode

m
1 15 24 360

Total 7820Wh/day

Therefore,thetotalenergyrequirementis7.9kWh/day.
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3.4INVERTERSIZING

TheinverterconvertsstoredDCelectricityfrom thebatteryorPVpanelsinto

ACelectricityforuse.

3.4.1INVERTERCAPACITYCALCULATION

Theinvertermusthandleboththetotalwattageofrunningappliancesanda

surgemarginforinductiveloads(e.g.,refrigerators,fans).

Inverter Capacity (W)=Total Load (W)×Safety Factor

Where:

TotalLoad(W)=Sum ofpowerratingsofallappliancestobepowered

SafetyFactor=Typically1.3to1.5(toaccountforstart-upsurgesandfuture

expansion)

A6.5kVA/48Vhybridinverterwasselectedtoensurefuturescalabilityand

provideadequatepowerduringhighusage.
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Figure3.1:Inverter(6.5kVA)FrontView

Source:https://solarmall.ng/wp-content/uploads/2024/03/SMS-Hybrid-

Inverter.jpg

3.5BATTERYBANKSIZING

Batterysizingensuresthatadequateenergyisstoredfornight-timeuseor

duringlowsunlightperiods.

Figure3.2:BatteryBank(TwoConnectedBatteries)

Source:https://images.app.goo.gl/BTWa7t4FGUcWf3EK6

3.5.1FORMULAFORBATTERYCAPACITY

Battery Capacity (Ah) =
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Assumptions:

i. DailyLoad=7,820WhatMAX

ii. Autonomy=1.5days

iii. Voltage=48V

iv. DOD=0.5(forlead-acidbatteries)

v. Efficiency=0.85

Battery Capacity=

So,4piecesof12v220Ahwillbeusedandconnectedinseriesbecauseofthe

inverteroperatingsystem.

3.6SOLARPANELSIZING

Thesolararraymustgenerateenoughenergytomeetthedailyloadwhile

alsochargingthebatteries.

Figure3.3:SolarPanelArrayonRooftop

3.6.1FORMULAFORCALCULATINGPVPOWER
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Total PV Power (W)=​

Assuming:

i. DailyLoad=7820Wh

ii. Sunhours=6hours

iii. Efficiency=0.8

3.7COMPONENTSELECTIONCRITERIA

3.7.1INVERTER

i. Puresinewaveoutput:referstothesmooth,continuouswaveof

electricitythatcloselymimicsthepowersuppliedbythenationalgrid.

Apuresinewaveinverterproducesacleanandstableelectricalsignal

thatissafeforalltypesofappliances.

Figure3.4:Puresinewaveoutput

ii. Hybrid(solar+grid+batteryinput):isasmartdevicethatcanreceive

powerfrom threedifferentsources.A hybrid inverterintelligently

switchesbetweenthesesourcesbasedonavailabilityandpriority.
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iii. Mobileappformonitoring:isasmartphoneapplicationthatletsyou

trackandmanageyourhybridinvertersystem inrealtime.Itprovides

remoteaccess,soyoucancheckyoursystem from anywhere.

3.7.2BATTERIES

i. Deep-cyclelead-acid,220Ahbattery:isatypeofrechargeablebattery

designedtodeliverasteadyamountofpoweroveralongperiodand

beregularlydischargedandrecharged.Adeep-cyclelead-acid,220Ah

battery is idealforsolarand invertersystems,providing reliable

backuppowerforseveralhours,especiallyforhomeorofficeloads.

Figure3.5:Deep-cyclelead-acidbattery

Source:https://kartelworld.com/wp-

content/uploads/elementor/thumbs/new-tubularrr-battery-

qdwo8dzyb4yz30hrc3nh55ldtotyh0d0qjbpbm5zyg.png

ii. Maintenance-freelow self-discharge:Doesnotrequireregularwater

refillingorelectrolytechecks(maintenance-free)andlosesverylittle

chargewhennotinuse(lowself-discharge).

3.7.3SOLARPANELS

i. 350W monocrystallinetype:referstoasolarpanelthathasapower

ratingof350watts(itcanproduceupto350W underidealsunlight)Is

madefrom monocrystallinesilicon,known forhigh efficiencyand
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durability.

ii. Efficiency>19%:meansthesolarpanelcanconvertmorethan19%of

sunlightthathitsitintousableelectricity.Forevery100wattsof

sunlightfallingonthepanel,itproducesatleast19wattsofelectrical

power.Thisisconsideredhighefficiency,typicalofmonocrystalline

panels.

iii. 25-year output warranty:means the solar panelmanufacturer

guaranteesthatthepanelwillstillproduceatleast80–90% ofits

originalpowerafter25yearsofuse.Itassureslong-term performance,

meaningthepanelwon’tdegradetooquicklyandwillremainreliable

fordecades.

3.7.4ACCESSORIES

i. Changeover switch: this device allows you to manually or

automaticallyswitchbetweentwopowersourcessuchasgridand

inverterorgeneratorandinverter.Anditensuresasafeandsmooth

transferofpowerwithoutdamagingapplianceswhenonesourcefails

oristurnedoff.
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Figure3.6:Changeoverswitch

ii. DC/AC breakers:these are safety devices thatprotectelectrical

circuitsfrom overloadorshortcircuitsinbothdirectcurrent(DC)and

alternating current(AC)parts ofa system.DC/AC breakers are

essentialforprotectingyourinvertersystem from electricalfaultsand

preventingdamageorfire.

iii. Battery fuse blocks:these are protective components installed

betweenthebatteryandtheinverterorchargecontrollertoprevent

damagefrom overcurrentorshortcircuits.Iftoomuchcurrentflows

(duetoafault),thefuseblowsanddisconnectsthebattery,protecting

theentiresystem.

Figure3.7:Batteryfuseblocks

Source:https://image.made-in-china.com/2f0j00EwQbmiTGhpkJ/Terminal-

Fuse-Block-Single-Stud-5-16-M8-Waterproof-Anl-Mega-Bolt-Down-on-Battery-

Fuse-Holder.jpg

iv. Cablelugsand conduit:theyarecomponentsused forsafeand

organized electricalwiring in an invertersystem.Itensuressafe,

durable,andneatwiring,reducingtheriskoflooseconnections,short

circuits,orcablewear.
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3.8INSTALLATIONPROCEDURE

1.MountingthePanels:Thepanelsweresecuredonanaluminum rail

structurewithstainlesssteelclamps,elevatedtoenhanceairflowand

cooling.Panelsweretiltedandalignedsouthwardtomaximizesolar

exposure.

2.BatteryBankSetup:Batterieswerehousedinawell-ventilatedcabinet,

elevatedfrom thefloorandarrangedinseriestocreatea48Vbank.

Terminalswerecolor-coded,greased,andfastenedwithanti-corrosive

bolts.

3.InverterandControllerInstallation:Theinverterwaswall-mountedon

anon-flammablewoodenboard,placedawayfrom moisture,with

adequateclearanceforventilation.Thechargecontrollerwasplaced

nearbyforminimalvoltageloss.

4.WiringandCircuitConnections:Fire-ratedwireswereroutedthrough

conduits.Connections were tested for polarity,insulation,and

continuity.Allbreakersandfuseswereinstalledandlabeledclearly.

Figure3.8:CompleteSystem Setup

Source:http://tankbig.com/wp-

content/uploads/2019/01/example_system2kw_2.jpg



24

3.9TESTINGANDSYSTEM MONITORING

Onceinstallationwascompleted,thesystem wascommissionedandtested

over48hours.Thisinvolved:

i. Verifyinginverteroutputvoltage(steadyat~230V)

ii. Checkingbatterycharge/dischargecycles

iii. Observingsolarpanelperformanceundervaryingsunlight

iv. Runningloadsimulationstotestruntimeandefficiency

Monitoring tools included a mobile app,multimeter,clamp meter,and

hydrometerforbatteryhealth(iffloodedcellsareused).

Oneoftheparameterstestedarelistedbelow:

i. Inverterloadcapacity

ii. Batterybackuptime

iii. Solarchargingcurrentandvoltage

iv. MPPTcontrollerefficiency

v. System stabilityunderloadswitching

3.10SAFETYMEASURESANDCOMPLIANCE

To ensure long-term safety and performance,severalmeasures were
implemented:

i. Earthing:Allmetalframesandtheinvertersystem weregrounded.

ii. SPDs:InstalledonACandDCsidestoprotectagainstlightningstrikes

andsurges.

iii. CircuitBreakers:Usedtoisolatefaultsandpreventovercurrent.

iv. Labeling:Every circuitand breakerclearly marked forease of

maintenance.

v. PPEUse:Installersworegloves,goggles,andbootsthroughoutthe

process.
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Figure3.9:ProtectiveDevices(Circuitbreakers,SPD,Earthling)

Figure3.9aboveshowstheprotectivebreakersofthesystem whichinclude

thesurgeprotector,DCbreaker,andACbreaker.

3.11ENVIRONMENTALCONSIDERATIONS

Environmentalfactors play a crucialrole in the design,sizing,and

performanceofahybridinvertersystem.Inthisstudy,deliberateeffortwas

madetoassesstheinstallationenvironmentandincorporatemeasuresto

enhanceenergyyield,protectcomponents,andextendsystem lifespan.

3.12SOLARPANELORIENTATIONANDTILT

Thesolararraywasinstalledonasouth-facingroofwithatiltangleof

approximately 15–25°,which corresponds to the locallatitude.This

orientation maximizes solar irradiance capture throughout the year,

especiallybetween 10 a.m.and 3 p.m.,when solarintensitypeaks.By

reducingshadowingeffectsfrom nearbystructuresandvegetation,panel

outputwasoptimized.
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3.13WEATHERANDCLIMATICIMPACT

Thesystem wasinstalledinatropicalclimate,characterizedbyalternating

dryandrainyseasons.Highambienttemperaturescanreducesolarpanel

efficiency,whileheavyrainscanreducedailyirradiation.However,rainsalso

helpcleanthepanelsnaturally,reducingdustaccumulation,whichotherwise

couldreduceefficiencybyupto20%overtime.

3.14BATTERYPLACEMENTANDVENTILATION

Batterieswerehousedinawell-ventilatedbutsecureenclosure,awayfrom

directsunlightandmoisture.Properventilationiscriticalinpreventingthe

build-upofhydrogengas,whichcanbeemittedduringcharging,especially

from lead-acid batteries.Battery shelves were constructed with non-

conductivematerialstominimizecorrosionriskandensurepersonnelsafety.

3.14.1SUSTAINABLEDESIGNBENEFITS

Compared to dieselgenerators,the solar hybrid system emits zero

greenhouse gases,generates no noise pollution,and relies solely on

renewable solarenergy,aligning with the principles ofenvironmental

sustainabilityandclimateaction(SDG13).

3.14.2SIMULATIONANDDESIGNAPPROACH(MANUALAPPROACH)

AlthoughseveralsimulationtoolssuchasHOMER Pro,PV*Sol,andRET

Screenexistformodelinghybridsystems,thisprojectreliedonamanual,

calculation-baseddesignapproach,usingestablishedelectricalengineering

formulas,manufacturerdatasheets,andreal-worldassumptions.

3.14.3RATIONALEFORMANUALDESIGN

i. Realism:ManualcalculationreflectsfieldrealitiesinNigeria,where

mosttechniciansandinstallersdependonexperienceandformula-

basedsizingratherthanexpensivelicensedsoftware.
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ii. Accessibility:Theapproachensuresthatstudents,localengineers,

andtechnicianswithoutaccesstopremium toolscanstillreplicate

thesystem.

iii. Accuracy:Whendonecarefully,manualsizing,basedonpeakloads,

dailyenergydemand,DOD,andefficiencyyieldsresultsthatalign

closelywithsimulatedmodels.

iv. Flexibility:Adjustmentstopanelnumber,batterysize,orloadprofile

wereeasilyrecalculatedwithoutdependencyondigitalsimulations.

Thismethodpromotesknowledgetransferandisespeciallysuitedtosmall-

scalesystemsforresidentialorcommercialuseindevelopingeconomies.

3.15LOADPRIORITIZATIONSTRATEGY

To preventoverloading the inverterand batteries,a load prioritization

strategywasimplementedtoseparatecriticalfrom non-criticalloads.

3.15.1CRITICALLOADS

Theseareappliancesessentialforday-to-dayliving,prioritizedduringpower
shortages:

i. LEDlights
ii. Ceilingfans

iii. Television

iv. Wi-Firouter

v. Refrigerator(ifwell-ratedandefficient)

Thesewereconnectedtoadedicatedcriticalloaddistributionboard,which

isbackedbythehybridinverterandbatterybank.

3.15.2NON-CRITICALLOADS

Theseareenergy-intensiveornon-essentialdevices:

i. Airconditioners

ii. Electrickettles/heaters

iii. Washingmachines
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iv. Irons

Thesewereexcludedfrom theinvertercircuitandconnectedonlytothe

nationalgridorabackupgenerator.Manualorautomaticrelaysweresetto

preventtheiractivationwhenthesystem runssolelyonsolar/battery.

3.16BENEFITSOFLOADPRIORITIZATION

i. Maximizesbatteryruntime

ii. Protectsinverterfrom overload

iii. Reducesenergywaste

iv. Enhancesusercontrol

3.16.1MAINTENANCEPLANNINGANDLIFECYCLEMANAGEMENT

Hybridinvertersystemsrequirescheduledmaintenancetoensureoptimal

performanceandpreventcostlyfailures.

3.16.2PREVENTIVEMAINTENANCEBENEFITS

i. ExtendsComponentLife:Regularmaintenanceand monitoring

helpidentifyearlysignsofwearandtear.Byaddressingissues

promptly,componentsavoidunnecessarystrain.Thisprolongsthe

lifespan ofelectrical,mechanical,orelectronic parts.Proper

lubrication,cleaning,andcalibrationalsocontribute.Thisresultsin

fewerreplacementsovertime.

ii. AvoidsSuddenOutages:Predictiveandpreventivemaintenance

can detectfaults before they cause breakdowns.Monitoring

systemsalertuserstoabnormalities,enablingtimelyinterventions.

Thisreducestheriskofunplannedsystem shutdowns.Asaresult,

operationsremainsmoothandreliable.Itensurescontinuityin

powerorproductionprocesses.

iii. ImprovesReturnonInvestment(ROI):Byminimizingdowntime

andrepaircosts,systemsrunmoreefficientlyforlonger.Fewer

replacements and less energy loss mean better operational
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efficiency.Well-maintainedassetsperform optimally,generating

consistentvalue.Longerequipmentlifeenhancesthevalueofthe

initialinvestment.Thismaximizesoverallprofitability.

iv. Reduces RepairCosts:Detecting issues early prevents minor

problems from escalating.Timely maintenance is generally

cheaperthan emergency repairs.Avoiding catastrophic failure

meansfewercostlypartsneedreplacement.Laborcostsarealso

reducedduetoplannedinterventions.Thisresultsinlowerlong-

term expenses.

3.17RISKASSESSMENTANDMITIGATION

Riskassessmentisessentialtoprotectboththeequipmentandusers.The

followingwereidentifiedandmitigated:

ElectricalRisks

i. Overcurrent:Protectedbyproperlyratedcircuitbreakersandfuses.

ii. Reversepolarity:Minimized through clearcolor-coded cablesand

double-verificationduringwiring.

iii. Voltagesurges:Managedwithsurgeprotectiondevices(SPDs)on

bothACandDCsides.

iv. Fire Hazard:Batteries were isolated from heatand flammable

materials.Allterminalswereinsulated,andconnectionstightenedto

avoidsparking.

v. PhysicalInjury:InstallersworePersonalProtectiveEquipment(PPE)

suchasgloves,goggles,andsafetyboots.Workwasdoneonlyduring

daylighttoavoidlow-visibilityhazards.

vi. Weather-RelatedRisks:Solarpanelsweresecuredwithwind-resistant

clamps.Theinverterandbatterieswereinstalledindoorstoprotect

from rainanddust.

vii. Ethicaland SocialConsiderations:This projectreflects notonly

technical execution but also social responsibility and ethical

awareness.
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viii. Accessto Reliable Energy:The hybrid invertersystem addresses

energypovertyinNigeria.Withconsistentelectricity,studentscan

studyatnight,andsmallbusinessescanoperatelonger,improving

qualityoflifeandeconomicproductivity.

ix. EnvironmentalStewardship:Bychoosingsolaroverdiesel,thesystem

supportsNigeria’sclimategoalsandreducescarbonfootprint.Italso

promotesawarenessaboutgreenenergyinthecommunity.

CHAPTERFOUR

4.0RESULTSANDDISCUSSION

4.1INSTALLATIONOUTCOMEOVERVIEW

Thehybridinvertersystem wassuccessfullyinstalledandconfiguredusing

theselectedcomponents:

i. A6.5kVAhybridinverter(48vinput)

ii. 8monocrystalline350W solarpanels(total:2800W)

iii. Four(4)12V,220Ahdeep-cyclebatteries

iv. AC/DCprotectivedevicesincludingbreakersandsurgearresters

AllelectricalwiringwascompletedinaccordancewithNigerianandIEC

regulations,utilizingfire-resistant,color-codedcables.Thisensuredboth

dependablepowerdeliveryandahighlevelofsystem safety.

4.2LOADSUPPORTCAPABILITY

Thesystem wasdesignedtohandleanestimatedpeakloadofaround950

wattsandadailyenergydemandofapproximately7.9kWh.Theconnected

appliancesincluded:

i. 20LEDbulbs(10W each)

ii. 6ceilingfans(75W each)

iii. 1Printer(400W)
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iv. 1television(100W)

v. 1laptop(60W)

vi. 1Wi-Fimodem/router(15W)

Duringtesting,theinverterefficientlypoweredallconnectedloadswithout

anyinterruptionsorvoltagefluctuations.Thepowerfactorstayedcloseto

unity,andthevoltageremainedstablewithinthestandardAC rangeof

228.7Vto230.1V,bothwhenidleandundermaximum load.

4.3INVERTERPERFORMANCE

Theinverteroperatedseamlesslyduringthetestperiod,handlinginductive

andresistiveloadswithouttrippingoraudibledistortion.

1. No-loadvoltage:230.1VAC

2. Full-loadvoltage:228.7VAC

3. Inverterefficiency:Measuredat93.8%,consistentwithmanufacturer

specs

Voltage regulation remained stable,with minimalfluctuation despite

switchingsurgesfrom inductiveapplianceslikeceilingfansandrefrigerators.
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Figure4.1:InverterDisplayPanel

4.4BATTERYAUTONOMYANDRUNTIME

Withatotalusablestorageof~4.5kWh(48V×220Ah×0.5DOD ×0.85

efficiency),thesystem providedupto30hoursofbackupundermoderate

loadconditions(≤200W continuous).

Table4.1:SampleLoadRuntimeScenarios

LoadType Power(W)
Runtime

(hours)
Notes

Lightingonly 100 ~48hrs LEDbulbsonly

Light+Fan 400 ~20hrs Fanonfor8–10hrs/day

Light+TV+Fridge850 ~8.5hrs
Mixed load during

blackout
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Batteryvoltagerecoveryafterpartialdischargewasobservedtobewithin2

hoursunderfullsolarchargingconditionsoncleardays.

4.5SOLARCHARGINGTEST

Thesolararraywasevaluatedduringpeaksunhoursforvoltage,current,

and efficiency.MPPT optimization performance was observed between

10:00AM and2:00PM.Table4.2showsthesolarchargingdata.

Table4.2:SolarChargingData

Thesystem recovered85–90% ofthebatterybank'sdailyenergycapacity

undergoodsunlightconditions.

4.6INVERTEREFFICIENCYANDWAVEFORM

EfficiencywascalculatedusingDCinputandACoutputvalues.Theinverter

producedapuresinewavewithminimaltotalharmonicdistortion(THD<

3%).

Time

(hr)

Solar Voltage

(V)

Current

(A)

Power

(W)

MPPT Efficiency

(%)

10:00 88.5 26 2301 91%

12:00 95.2 29 2761 93%

14:00 92.0 25 2300 89%
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Figure4.2:InverterOutputVoltageStabilityGraph
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4.7SOLARCHARGINGEFFICIENCY

Solarpanelsweretestedduringthepeaksunlightwindowof10a.m.–2p.m.

usingadigitalclampmeterandinvertertelemetry.

Underoptimalsunlightconditions,thesolararraydeliveredapeakoutput

rangingfrom 1950W to2040W,indicatingthatthesystem wasoperating

closetoitstheoreticalcapacity.Onaverage,thedailyenergyharvested

rangedbetween7.5kWhand8.5kWh,sufficienttomeettheestimatedload

demand and recharge the battery bank.The MPPT charge controller

efficiently tracked solarinput,maintaining an average charging current

between36Aand45A,ensuringstableandeffectiveenergytransferfrom the

panelsto thebatteries.Thisperformancereflectsa high levelofsolar

chargingefficiencyforthe2.1kW PVsystem installed.
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4.8SYSTEM STABILITYANDLOADHANDLING

Thesystem underwentsimulatedworst-casetests,including:

i. Simultaneousstartupofallloads

ii. SuddendisconnectionofPVinput

iii. Battery-onlyoperationduringblackout

4.9USEREXPERIENCEANDMONITORING

Thehybridinvertersystem wasequippedwithamobileapp(viaWi-Fi)for

real-timemonitoringof:

i. PVinputvoltage/current

ii. Batteryvoltage/stateofcharge

iii. Loadpowerconsumption

iv. Errorlogs

Usersreported:

i. Highsatisfactionwithquietoperation

ii. Easeofusethroughappinterface

iii. Improvedqualityoflife,especiallyduringnight-timeblackouts

4.10COMPARATIVEANALYSISWITHGENERATORUSE

Acomparisonwasmadebetweenthesolarhybridsystem andapreviously

used2.5kVApetrolgenerator.
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Table4.3:ComparativeMetrics

Metric
Solar Hybrid

System
Generator(Petrol)

Fuelcost/month ₦0 ₦24,000+

Noiselevel Humming 70–85dB

Emissions None CO₂,NOx,PM

Maintenance

frequency
Monthlycheck Weeklyservice

Operatingtime 24/7(sun+battery)2–4hrs/daymax

Result:Thesolarhybridsystem savedover₦290,000annually,withzero

fueloremissions.

4.11CHALLENGESOBSERVED

Despitethesystem'ssuccess,certainlimitationsandchallengeswerenoted:

i. Solarperformancedippedsignificantlyduringthreeconsecutiverainy

days

ii. Batterybanktooklongertorecharge(~1.5daysafterfulldischarge)

iii. Initialinstallationcostremainedafinancialbarrierforlower-income

households

Mitigatingthesewouldrequire:

i. Addingasecondaryenergysource(gridorwind)

ii. Implementingbatterybankexpansion

iii. Governmentsubsidiesforresidentialsolaradoption
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4.12ECONOMICVIABILITYANDPAYBACKPERIOD

Installationcost=~₦1.94million

Monthlygeneratorcostsaved=~₦24,000

Paybackperiod=₦1,940,000/₦24,000≈6.6years

Consideringbatteryreplacementevery4–5yearsandinflation,thesystem

remainseconomicallyviableovera10-yearhorizon.

Table4.4:EstimatedCostBreakdown

Component QuantityUnitPrice(₦)
Total Cost

(₦)

6.5kVA Hybrid

Inverter
1 500,000 500,000

12V220AhBatteries 4 300,000 1,200,000

350W SolarPanels 8 70,000 560,000

Accessories&Cables- - 200,000

InstallationLabor - - 80,000

Total ₦2,540,000
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4.13 BillofEngineeringMeasurementandEvaluation(BEME)

Table4.5:BillofEngineeringMeasurementandEvaluation(BEME)

S/NComponent/Item Description Qty
Unit Price

(₦)

TotalCost

(₦)

1 6.5kVAHybridInverter(24V,PureSineWave) 1 500,000 500,000

2 12V,220AhBatteries 4 300,000 1,200,000

3 350W SolarPanels 8 70,000 560,000

4 AC/DCCircuitBreakers&FuseBlocks VariousLumpSum 20,000

5 BatteryRackandVentilatedHousingUnit 1 30,000 30,000

6 Cables(DC/AC,Conduit,Lugs&Connectors) VariousLumpSum 50,000

7 SolarPanelMountingStructure&Clamps 1Set 60,000 60,000

8 Earthling&SurgeProtectionDevices(SPD) 1Set 40,000 40,000

9 System Monitoring(Wi-FiDongle/AppSetup) 1 20,000 20,000

10 InstallationLabor(Fullsystem integration) - LumpSum 80,000

11 Testing&CommissioningTools/Consumables - LumpSum 30,000

TotalEstimatedCost₦2,590,000
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CHAPTERFIVE

5.0CONCLUSIONANDRECOMMENDATION

5.1CONCLUSION

Thisprojecthasdemonstratedthathybridinvertersystems,whenaccurately

sized,correctlyinstalled,andwell-maintained,arebothtechnicallyreliable

andeconomicallyviable,withmeaningfulsocialbenefits.Itstandsasa

practicalexamplethatcanbereplicatedinhomes,smallenterprises,and

publicfacilitiesacrossNigeria,particularlyinoff-gridorunderservedareas.

Additionally,itoffersacademicvaluebyservingasareal-lifecasestudyof

hybrid system deployment,providing usefulinsights for engineering

students,technicians,andprofessionalsintherenewableenergyfield.

Implementing a6.5kVA hybrid invertersystem goesbeyond providing a

technicalfix—itrepresentsasteptowardachievingenergyself-sufficiency,

promoting environmental sustainability, and supporting long-term

developmentinNigeriaandotherregions.

5.2RECOMMENDATIONS

Based on the experience and outcomes ofthis project,the following

recommendationsareproposed:

i. Installlithium-ion batteries in place oflead-acid types to reduce

weight,increaselifespan,andimprovedepth-of-dischargeefficiency.

ii. Implementhybridsystemswithdual-energyinputs,suchasgridand

wind,forredundancy.

iii. IncludeadvancedinverterswithWi-Fi,remotediagnostics,andover-

the-airfirmwareupdates.

iv. Introduce solarenergy subsidies and tax reliefforhouseholds

adoptinghybridinverters.
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v. Enforcebuildingenergycodesthatsupportpre-installationofrooftop

solarmounts.

vi. Expandaccesstogreenenergyfinancingviamicroloansorpay-as-

you-gosolarplatforms.

vii. Integrate hybrid inverter design and installation into electrical

engineeringcurricula.

viii. Organizehands-onworkshopsforstudentsandtechnicians.

ix. Collaboratewithsolarcompaniesforinternshipandindustrialtraining

placements.

x. Hostcommunitysensitizationcampaignsonenergyefficiency,load

prioritization,andsystem maintenance.

xi. Encouragedata-sharingplatformsforuserstocompareperformance

metricsandlearnfrom eachother.

5.3OPPORTUNITIESFORFUTUREWORK

The following areas are proposed for further research and system

enhancement:

i. HybridizationwithWindEnergy:Especiallyusefulinregionswithhigh

windspeeds,enablingenergygeneration24/7.

ii. Real-TimeDataAnalytics:Integratecloud-connectedsensorstotrack

powertrendsandpredictsystem performance.

iii. ArtificialIntelligence(AI)forloadpredictionandenergymanagement.

iv. SmartGrid Integration for load shedding,energy sharing,and

distributedgeneration.
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