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ABSTRACT

Thepreservationofnaturalwaterandelectricityresourcesisessentialforthedevelopmentofsmart
cities.Indeed,waterandelectricityarehighlydependentandmustbeanalyzedtogethertoimprove
theenergyefficiency.Thisarticleisaboutthestudyoftheintegrationofrenewableenergyandsmart
solutionsinawaterheatingsystem.Theexistingsystemusesmainlyheatpumpstocoverthemost
ofthehotwaterneeds.Thepurposeofthisworkistoexplorepossiblesolutionstooptimizethe
electricityandthewaterconsumptionoftheinstallation.
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1. INTRodUCTIoN

LocatedinNorthWestAfrica,Moroccoenjoysaprivilegedgeographicalposition,avariedclimate
andtwoseafrontsfacingwestontheAtlanticOceanandnorthontheMediterraneanSea.However,
thecountry’ssustainedeconomicdevelopmentoverthepastdecadeshasneverthelesshadsignificant
impactsontheenvironment,generatingpressuresonnaturalresourcesinadditiontothoseresulting
fromurbanization,populationgrowthandclimatechange.Therefore,acertainnumberofprecautions
mustbetakeninordertooptimizetheenergyefficiencybyminimizingtheconsumptionofwater
andelectricityandpromotingtheuseofrenewableenergies.Indeed,energyefficiencyisapriority
inthenationalenergystrategy:theambitionistosave12%ofenergyconsumptionin2020and15%
in2030.Inthiscontext,energyefficiencyactionplanshavebeenimplementedinallkeysectors,
inparticulartransport,industryandbuilding(RenewableEnergy,MinistryofIndustry,Investment,
TradeandtheDigitalEconomy,n.d.).Inthiscontext,theuseofsolarthermalenergyforwaterheating
systemproductionisoneofthemajorchallengesinthetransitiontoenergy-efficientbuilding.

Thepurposeofthisworkis,inthefirstpart,tostudythepossibilitytoaddsolarpanelstothe
existing water heating system of a traditional Hammam, the objective is to optimize its energy
efficiencyandminimizethewater-relatedenergyconsumption.Inthesecondpart,wefocusedon
reducingwaterconsumptionbyproposingtheintegrationofthesmartwatergrid.

2. dESCRIPTIoN oF THE EXISTING SySTEM

ThewaterheatingsystemisusedtosupplyatraditionalMoroccanHammam.Thissystemuses3
heatpumpstoproducehotwateratabout60°Cwithabackupmadewithanelectricalresistance.
TheHammamhasthreeroomswithdifferenttemperaturesinadditiontoshowers.Theconsumption
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ofthisHammamisestimatedatabout30,000l/d,withanenergyrequirementestimatedat4000
Mwhperyear.

Ourworkaimstoreducetheelectricalenergyconsumptionofthesystembyusingsolarenergy.
Indeed,thiskindofenergyisanunavoidableoptionfortheminimizationofdependenceonfossil
energysourcesandforthereductionofgasemissions.Solarenergyisconsideredasclean,available
andinexhaustibleanditcanbeconvertedusingexistingtechnologiesinordertosatisfythehuman
needs. In fact, photovoltaic technology converts solar energy into electrical one, while thermal
solartechnologyrecoversenergyfromthesuntoprovideheat.Thatheatcanbeusedforhotwater
production,orairconditioning.

In the followingparagraph,wewill focuson improvingenergyefficiencyand reducing the
electricalenergyconsumptionofthewaterheatingsystemofthetraditionalHammam,theproposed
solutionistheadditionofthermalsolarsystem.

3. INSERTIoN oF SoLAR THERMAL SySTEM

3.1 description of a Solar Thermal System
Solarthermalsystemisgenerallydividedinto5subsystems(MinistryofHousingandUrbanPolicy,
n.d.):

• Collection:asetofsolarcollectorsthattransformsolarradiationintothermalenergy.
• Transfer:asolarhydrauliccircuitthatconnectsthecollectorstoeachotheranddistributesenergy

throughouttheentiresystem.
• Storage:solarstoragetanks.
• Aback-upsystem(electric):itprovidesthenecessaryenergytoguaranteeatalltimesthehot

waterneeds,especiallyduringperiodsoflowsunlight.
• Regulation:Adeviceforregulating,measuringandcontrollingthesystem.

3.2 Study of the Feasibility of Integration of the Solar Thermal System
Thereductionoftheenergyconsumptionduetotheuseofsolarenergydependsonseveralcriteria
astheclimate,thelocationofthesolarcollectors,thesizeanddesignofthesystem;itdependsalso
ofthechoiceofequipmentanditsmaintenance.Therefore,itisnecessarytoseekthebesteconomic
adjustmentofthesizeofsolarequipmenttotheneedstobesatisfied.Infact,thedesignofasolar
systemfirstinvolvesdeterminingthecollectorsurfaceareaaccordingtothevolumeandprofileofhot
waterconsumption.Bysimplifyingtheproblem,itisaquestionofdetermininghowmanycollectors
ofacertainbrandandtypearerequiredtoachievethetargetenergyproductionforagiveninstallation.

Thefunctioningofthesolarwaterheatingsystemissimple.Duringsunnyhours,theprimary
circuitofthesolarcollectorsincreasesitstemperatureandtransfersthecollectedheattothestorage
tankstocoil-typeheatexchangerslocatedinsideoroutsidethetanks.Thefluidflowinthesolar
circuitiscarriedoutunderpressurebyapumpandacontrolsystemaccordingtotheheatingcapacity
availableatanytime.Itmustbetakenintoaccountthatasthecoveragerateincreases,thetemperature
ofthefluidinthecollectoralsoincreasesandthiscausesthedecreaseintheefficiencyofthesensor.
Inaddition,highcoveragemeansthatthetemperatureinthetankswilloftenreachthemaximum
temperature,causingtheplanttoshutdown(MinistryofHousingandUrbanPolicy,n.d.).

The implementationanddesignofasolar thermalsystemdependsonseveralmajorfactors,
including:

• Hotwaterneeds:acorrectestimationofhotwaterneedsiscrucialtotheoptimaldesignofthe
system.
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