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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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• Desiredsolarcoverageobjectives:Solarsystemscoveronaveragebetween40and60%ofannual
needsofhotwater.Duringthesummermonths,withmoresolarradiationandamarginallyhigher
coldwatertemperature,thesystemcaneasilycoverbetween70and80%oftheneeds.

• Weather data: The solar radiation available in the project area and, to a lesser extent, the
averageoutsidetemperatureandthetemperatureofthecoldwaternetworkinfluencetheenergy
performanceofthesystem.

• Thesurfaceareaofthepanels:itwilldependonthesurfacearea,orientationandshapeofthe
placeofinstallation,aswellasthepossibleexistenceofobstructionsandshadowsgeneratedby
adjacentbuildings.

• Equipmentcharacteristics:Thespecificcharacteristicsofsolarpanelshaveamajorinfluence
ontheexpectedannualenergyperformanceofthesystem.

3.3 dimensioning of the Thermal Solar System
TheHammamisinthecityofCasablanca,whichislocatedontheAtlanticcoastinNorth-WestAfrica.
33°35NorthLatitude,7°25WestLongitude(CasablancaUrbanAgency,n.d.).

ThattraditionalHammamhashotwaterneedsat60°C.Theseneedsareprovidedbythreeheat
pumps.Ourgoalistoinsertsolarthermalpanelsattheexistingfacilitytoreducepowerconsumption.
Todothis,wetookintoconsiderationthedifferentcriteriaandconstraintsofthebuilding.

Indeed,theinstallationofthesolarsysteminvolvestheuseofpartofthebuilding’ssurfacearea
toinstallthevariouscomponents.

Inparticular,itisnecessarytoplan:Aroofspacefortheinstallationofsolarpanels,asurface
areafortheinstallationofindividualsolarstoragetanksinsidethebuilding,atechnicalroomforthe
locationofthehydrauliccomponentsofthesolarprimarycircuitandforthepassageofthepanels
connectionpipestothestoragetanks.

Inourcase,theavailablesurfaceareaoftheroofconditionsthecalculationandsizingofthesolar
panelsthatcanbeinstalled.Thesurfaceareadedicatedtotheinstallationofthepanelsisabout1000
m2,facingsouthwithnoshadingorneighboringobstacles.Inadditiontothespaceofthermalpanels
andthestoragetanks,thehydrauliccircuitrequiresothercomponentsthatmustbelocatedinsidethe
buildinginatechnicalroomlocatednearthethermalpanels.Amongthesecomponents,wefind:

• Acirculationpump,sizedforthenominalflowandtherequiredoperatingtemperature.
• Asetofsafetyelements,consistingofatleastonesafetyvalveandanexpansiontankwhose

volumeissufficienttocollectthefluidpresentinthecircuit.
• Adifferentialcontrolsystem.
• Valvesandmeasuringinstruments(thermometers,manometers,etc.).

The choice of the thermal panel’s type:thechoicedependsonseveralfactors,firstthetypeof
application,thenthedistributionofneedsthroughouttheyear,thetargettemperature,theprice,the
guaranteesofferedortheconditionsforinstallingthepanelsonthebuilding(aestheticintegration,
possibleorientationandinclination,availablespaces).Inanycase,theplan-typesolarpanelisby
far themostcommonlyused toproducehotwater in temperateclimates. In fact, in theclimatic
conditionsofMoroccoandwith the temperature levels required for theproductionofhotwater,
plan-typethermalpanelsarethebestoption(MinistryofHousingandUrbanPolicy,n.d.).That’s
whywehaveoptedforplanpanels.

The positioning of thermal panels: The thermal panels are laid in two rows taking into
considerationtherequireddistances.Infact,inthecaseofcloseobstaclesofconstantheight,the
effectonenergyproductioncanbeconsideredtobesmallifthedistancebetweentheobstaclesand
thepanelsisgreaterthanavaluethatcanbecalculatedaccordingtothefollowingformula(Ministry
ofHousingandUrbanPolicy,n.d.):
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d>h/tanαord>k·h

with:k=1/tanαh:istherelativeheightoftheobstaclemeasuredfromtheloweredgeofthesolar
collector.α:istheangleofthesolarheightatnoonsolarofthewintersolstice.

Takingintoconsiderationthedifferentcriteria,wehadcalculatedandrealizedasimulationof
thethermalsolarsystem.

Thestoragevolumeplannedtoensurethestorageofhotwaterproducedfromsolarpanelsis30
m3(3storagetanksof10m3)withamaximumstoragetemperatureof90°C.

Thethermalinstallationisconnectedbyexternalexchangers.Thefunctioningofthesystemis
designedinsuchawaythatpriorityisgiventothermalpanelsoverheatpumpstoimprovetheenergy
efficiencyoftheinstallation.

3.4 Simulation and Results
TheclimaticconditionsinCasablancaareparticularlyfavorablefortakingadvantageofsolarenergy.
Theabundanceofthisrenewable,indigenousandemission-freeenergyresourcewillallowthisoption
toplayakeyroleinthefuture,characterizedbytheneedtoreducethecountry’senergydependence
andCO2emissions.

TheuseofthermalsolarenergyinamoroccaintraditionalHammamisonlyinitsbeginning,
andthenumberofprojectsisstillverysmall.

Thesimulationresultshowsclearlyasignificantsavinginpower.Infact,theproposedsolution
wouldsavearound20%ofenergy.

TheintegrationofrenewableenergiesintotheHammam’swaterheatingsystemmakesitpossible,
basedonthesimulationscarriedout,tooptimisethesystem’senergyefficiency.

However,theenergiesinelectricityandwaterarestronglylinkedandmustbothbeintegrated
intoasingleoptimizationsystemtotransformtheoldinstallationintoanefficientandintelligentone.

Table 1. Calculation of minimum distances between elements to avoid significant shading

Latitude 33,35°(3rdreportonthestateoftheenvironmentof
Morocco,2015)

k 1.51(Coefficientktableforcalculatingtheseparation
distanceofanobstacle,n.d.)

h 0,81m

d 1.25m

Table 2.Thermal panel characteristics

Location Casablanca

Availablesurfacearea 1000m2

Panelstype Plan

Numberofpanels 364

installedsurfaceareaofpanels 913,64m2

paneltiltangle 20°

panelorientation South
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4. SMART MANAGEMENT oF WATER

Water inMorocco facesmanychallenges, includingwater scarcity, irregular rainfallanduneven
spatialdistribution.Thesechallengesarebeingaccentuatedbytheeffectsofclimatechangeand,
overtheyears,theindicatorshaveshownasituationthatissometimescriticalandevenalarming
(Coefficientktableforcalculatingtheseparationdistanceofanobstacle,n.d.).Therefore,tooptimize
waterconsumptionoftheHammam,themanagementofwatermustbesmartandefficient.

Therefore, we need to use the Smart Water Grid (SWG). The latter can be defined as an
advancedandsmartwatermanagementsystem.Indeed,itintegratesInformationandCommunication
Technologies(ICT)intothemanagementofthedistributionsystem(Lematin,n.d.).

TheuseofSWGasameansofmanagingthewaternetworkmakesitpossibletocontrol,monitor
andoptimizetheconsumptionofthisresource.ThankstotheSWG,waterquality,pressureandflow
canbemonitored,theriskofpipeburstingcanbepreventedandleakscanbedetected.

Inaddition,theuseofSWGprovidesaccesstovariousdataandallowsreal-timemonitoring
andmanagementofconsumption.TheSWGisdesignedtoaddressthemajorissuesencounteredin
watermanagementonboththedistributionandconsumptionsides.Italsoprovidesbettervisibility
andahighlevelofcontrol,notonlyonconsumption,butalsoontheconditionoftheinstallations,
thusfacilitatingequipmentmaintenance,faultdetectionandincidentforecasting.

Advantages of Smart Water Grid:Thesmartwatergridisusedensurethepreservationand
efficientmanagementofthewaterresource.Tothisend,itmustmeettherequirementsnecessary
forthewaterdistributionprocessintheHammam.Thefivecriteriaofreliability,safety,efficiency,
securityandavailabilityarethereforeanessentialassetfortheimplementationoftheSWG.

Byusingthelatesttechnologies,theSWGmakesitpossibletocollectaverylargeamountof
data,toensurereal-timemonitoring,toreactmorequickly,andabovealltoanticipateandanticipate
anyincidentoranomalyinthesystem.Asaresult,wehavedefinedthethreemainadvantagesofthe
SWG:Avoidingleaksdemandcontrolling,andqualitymanagement.

• Avoidingleaks:Oneofthemajorproblemsofwaterdistributionnetworksistheappearance
ofleaks.Theseleaksnotonlyimpacttheenvironmentbutalsogeneratesignificantlossesand
increaseddirectandindirectcosts.TheuseofSWGmakesitpossibletodetectleaksmorequickly,
preventanyincidentoranomaly,planandschedulemaintenanceorreplacementofequipment
andpipes.Usingseveralmethods,theSWGprovidesbettervisibilityandahighlevelofcontrol
fromthesourcetotheenduse.Waterleaksorlossescanbeevaluatedasthedifferencebetween
thevolumeofwaterattheentrancetothenetworkandtheauthorizedconsumption.Theseleaks
maybeapparentasthoseduetometeringinaccuracies,orreelleakscausedbypipebursting,or
overflows(Choietal.,2016).Waterreelleaksresultfromdeteriorationofthewaterdistribution
system,whichcouldbecausedbyenvironmentalorphysicalfactorsrelatedtotheconditionof
pipesandequipment,oroperationalfactorssuchaspressureandflowvelocity.Asaresult,leak
detectionisamajorconcerntoimprovetheenergyefficiencyandensurethepreservationof
waterresources.

• Demandcontrolling:Thisapproachfocusesoncontrollingdemandthroughtheimplementation
oftechnologicalandeconomicmeasures.Waterdemandmanagementisalsoessentialforthe

Table 3. Evolution of the percentage of electrical energy saved

Jan Feb March April may June July Aug Sept Oct Nov Dec

Energy
saving
ratein%

14,0 17,2 20,9 24,2 25,6 26,7 28,1 27,8 25,5 20,4 15,8 12,3
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assessmentofwaterpricesandinvestments.Generally,thetotalwaterdemanddiffersbecause
ofmanyreasonsandseveralapproachesareusedinthemanagementofthisdemand.

• QualityManagementTocontrolwaterquality,severalinstrumentsareused.Indeed,anumber
ofreal-timewaterqualitymonitoringsensorscurrentlyexistonthemarket:Conventionalsensors
thatdirectlymeasurespecificwaterqualityparameterssuchaspH,turbidityandconductivity.
Sensorsthatdetectanydeviationfromthegenericpropertiesofthewater(suchasoptics)tocover
abroaderspectrumofcontaminants.Biosensorsthatmonitorthebehaviouroflivingorganisms
inwatertoassessthetoxicityofcontaminantsinwatersamples.

5. CoNCLUSIoN

TheglobalannualirradiationinMoroccoisinmostregionsbetween1800and2000kWh/m2.an.
Itisslightlylower,about1700kWh/m2.year,insomecoastalareasandhigher,about2100kWh/
m2.year,inthesouth(MinistryofHousingandUrbanPolicy,n.d.).

Thisimportantenergypotentialcanbeusedtoheatwaterforsanitarypurposesandcanleadto
substantialsavingsinelectricityconsumption.Therefore,weworkedontheexampleofaMoroccan
Hammamthatusesheatpumpswithabackupmadebyelectricalresistances.Ourobjectivewasto
studythefeasibilityofintegratingthermalsolarenergyintotheexistingsysteminordertoimprove
itsenergyefficiency.

Todothis,wetookintoconsiderationthedifferentparametersandconstraintsoftheinstallation
andweproposedtheadditionof364thermalpanelsontheusefulspaceontheroofoftheHammam.
Thesimulationofourstudyclearlyshowedthatoursolutionisveryusefulandallowsreducing20%
oftheconsumptionofenergyintheHammam.However,reducingtheelectricityconsumptionofthe
waterheatingsystemisonlythefirststepintheprocessofimprovingtheenergyefficiencyofthe
installation.Indeed,watermanagementinthiskindofinstallationisamajorchallenge.Therefore,
theinstallationmustbeequippedwithaSmartWaterGrid.Infact,smartwatergriddiffersfromthe
traditionalonebyintegratingtechnologyintothewatermanagementsystems.Theimplementationof
SWGtechnologyhelpstohaveanoptimizedandefficientwatermanagement,italsoensurecontinuity,
stabilityandsafetyofuse.Indeed,byusingSWG,waterdistributionareautomated,monitoredand
controlledbysensors.UsingICTinformationandcommunicationtechnologies(InternetofThings,
CloudComputing,BigDataAnalysis),hugeamountsofdataarecollected,storedandtransmitted
forreal-timeanalysis.

Thewaterandelectricity resourcesof theHammamare inseparable.Therefore,wemustbe
takenthembothintoconsiderationinordertooptimizetheenergyefficiencyoftheinstallation.In
fact,throughtheuseofsolarthermalenergyandSWG,theenergyefficiencyoftheinstallationcan
besignificantlyimproved.Indeed,thereductioninwater-relatedelectricityconsumptionandwater
consumptionallowsthepreservationofnaturalresourcesandtheenvironment.
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