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What is a PV-T ?

× Less bulky 

× Simple operation 

× Mediums found abundantly

× Work in all temperature.

Basic working principle of PV-T collector.

× Energydemand

× Globalwarming

× Heat and electricitysimultaneously

× Total efficiencyof morethan50%.

× CombinesPV andSTmodulesinto oneintegratedpanel

× Providesheatandelectricitysimultaneously

× Solarcellsanda thermalmodule

× Roleof heattransfermediumin heatextraction.

Why PV-T ? Advantages
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Flow passages in a liquid-

based PV-T collector.Different configurations of air-based PV-T collectors.

× Mainly composed of solar cells, heat exchanger and fluid +  Other optional components can be added.
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× Different configurations of hybrid PV-T collectors are

considered

× Requiresa thoroughstudyof heattransfer

× Focusis to presenta dynamicmodel

× Fewassumptionsaremade

× Approachis basedona bondgraphtechnique

V representedbysymbolsandlines

V resistance,compliance,andinertance

V multipledomains

V sources

V effort andflow

V junctions.

0-junction 1-junction

flow equation

effort equation

Flow and effort expressions for junctions.

Overall view of a PV-T collector.
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× Dynamicthermalmodelof awater-basedPV-T collector

V electricpower

V fluid temperature

× Thermalmodelexpressedas

V statevector

V disturbancevector

V massflow is thecontrol input.

Inputs and outputs of the collector.
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Air -basedmodel-I
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Modeling

Temperature evolution of PV-T components 

without an absorber component.

Daily hourly variation of electrical and 

thermal efficiencies without glazing.

Variation of outlet air temperature with 

the increase in mass flow rate.

Daily hourly variation of electrical and 

thermal efficiencies with glazing.

Temperature evolution of PV-T components 

with an absorber component.

Hourly variation of solar radiation 

and ambient temperature.



Air -basedmodel-II
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Modeling

Hourly variation of solar radiation 

and ambient temperature.
Temperature evolution of PV-T components.

Daily hourly variation of electrical and 

thermal efficiencies.

Temperature evolution of a PV-T components 

(CFD study).

Temperature distributions of the air-based PV-T collector components; (a) Glass 

cover. (b) PV cell layer. (c) Fluid (air channel). (d) Insulator.



Modeling

Water-basedmodel
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Temperature evolution of PV-T components.

Daily hourly variation of electrical and 

thermal efficiencies.

Fluid temperature with a step change in solar radiation.

Influence of mass flow rate on the output temperature.

Influence of wind speed on thermal efficiency.

Hourly evolution of temperatures (cell and outlet fluid) both 

experimentally and theoretically.



× Makesuseof input-outputdatasetsto trainmodels

× Regressionmodelis used

× Multi-outputdecisiontreealgorithmis implemented.

Fig. 41. Schematic representation.

× High learningability andcapability

× Consistsof aninput-outputlayersandat leastonehiddenlayer

× Continued until error is zero or difference is within target

threshold.

Fig. 42. Basic model of the neural network.

Decisiontreealgorithm Artificial Neural Network
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× An accuracyscore of 75% is achievedfor decision tree

algorithm

× Rootmeansquareerrorcalculatedis 0.107

× Thresholdlimit or theconvergencelimit for ANN isρρπȢ

Comparison of actual and predicted outputs 

using decision tree algorithm.

Mean squared error (ANN). Comparison of actual and predicted outputs 

using ANN.

Lower and upper bounds of input variables.

Results
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Design of innovative PV-T



Fig. 46. Schematic diagram of PV-T 

module integrated with a storage tank.

× Embeddedwith storagetank

× Serpentinetubetakestheheatfrom thetop

× Heatingelementis includedequippedwith electricalresistancewires

× Pumpis anadditionalelementandconsumeselectricalpower.

Fig. 48. PV-T system integrated with a heating element.Fig. 47. Cross-section view of PV-T integrated with a storage tank.

Geometryof thermal section
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Design of innovative PV-T



Fig. 54. Temperature distributions of the storage tank fluid 

incorporating an electric heater.

× CFD modelhasbeensetupwith boundaryconditions

× Assumptionsareconsidered

× Similar temperaturedistributionscanbeobtainedfor othercomponents

× Error foundin case-I is 3.40%, 4.10% in caseïII and2.87% in case-III .

Fig. 55. Temperature distributions (a) PV cell layer. (b) Serpentine 

tube fluid. (c) Storage tank fluid.

Design of innovative PV-T

Results- CFD
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× Materialchangefor absorberandtube

× Thicknessof PV-T components

× Fluidsfor serpentinetube

× Usedengineoil asanabsorber.

Copper and aluminum.

Thickness of absorber and insulator.

Glycol, water and PCM. Engine oil. Influence of geometrical parameters.

Design of innovative PV-T

Results- Influence
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× Geneticalgorithmis implemented

× Aim is to maximizetheoutputandreducethecostfor componentthickness

× For massflow, theaim is to maximizeoutputandPV efficiency

× Boundsaresetconsideringrealvalues

× Upperandlowerboundsof massflow aresetas0.05and0.005kgs-1.

Genetic algorithm flowchart.Table 5. Lower and upper bounds of the design parameters.

Optimization
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× Temperatures are calculated considering different

thicknesses

× Optimalthicknessandmassflow variablesareobtained.

Fig. 61. (a) Best thickness variables. (b) Best mass flow.

Table 6. Summary of temperatures and efficiency 

considering upper and lower bounds.

Fig. 63. PV cell, outlet water temperature and PV 

efficiency with optimized variables.

Fig. 62. PV cell, outlet water temperature and PV 

efficiency evolution with different mass flow.

Optimization

Results
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Simple feedback control loop.

Control
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Time constant { 31.25, 41.67, 50, 34.48, 47.66& 76 }

Gain { -15, -19.17, -22.5, -14.14, -17.14& -24.61 }
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× How controllerparametersareobtained?

× Closedloop transferfunction

× Controller parameters can be written as:

× Controller tracks the reference point

× Controllercompensatesthesolarradiationchange.
Tracking of desired temperature and disturbance rejection.

Response of PI-controller with constant solar radiation.
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× Designedfor air-basedmodel-I

× Complexmodel

× Linearization

VComputation of the systemôs Jacobian matrices

V Current operating point

× Requiresthesolutionof analgebraicRiccatiequationat

eachtimestepof thecontrolalgorithm

× The initial nonlinearthermalmodel of the collector is

describedin theform

× Statevectorx contains

× Feedbackcontrolloop

× Controlscheme

Control scheme for hybrid PV-T thermal model.

H-infinity FeedbackControl
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× Designedfor air-basedmodel-I

× Fastandaccuratetrackingof thereferencesetpoints

× Externalinputsdirectly affectthestatetemperatures

× Desiredvalueof thestatesis updated

× Referenceis trackedby rejectingeffectsof thedisturbances.

Tracking of reference setpoints by state variables. Evolution of the control input exerted. Evolution of the outlet temperature.

External inputs imposed on the system.

Results
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× Generalconfigurationwith generalizedplant

× Templatesfor thesensitivityfunctionsS andKS

× Model is linearizedaroundequilibriumpoints

× Transferfunctionis adequatefor control

× Controlleris calculatedusingfunctionhinfsyn

× Order5 to theorder2

× Model reductionapproachusingbalred

Fig. 72. (a) Generalized feedback system. (b) Complete control scheme.

Fig. 73. Sensitivity functions of the robust control system: (a) 

Sensitivity function. (b) Controller*Sensitivity.

Control

H-infinity Mixed SensitivityControl

22



× Levenberg Marquardt Backpropagation

algorithmis used

× Control input is injectedto therealplant

× Referenceis trackedevenwith externalinputs

× Comparisonof thecontrollers.
Evolution of the PV efficiency and 

control input.

Evolution of the outlet temperature and 

disturbance rejection.

Evolution of state temperatures.

External inputs imposed on the system.

Neural NetworkControl

Response using basic controller, predictive controller and 

NARMA-L2 controller.
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× Designedfor water-basedmodel

× Advantage is that the closed-loop response becomes totally

insensitiveto someuncertaintiesoncein theslidingmode

× Aim is to controlthewateroutputtemperature

× u is thecontrolinputandv includestheexternaldisturbances

× Slidingsurfaceis describedas;

× If reachability conditionὛὛ< 0 is fulfilled, the switching

surfaceis knownto beattractive

× Themodelwassimulatedusingthefollowing controllaw

× ό ensuresconvergenceto chosensurface.

Convergence of output to the desired point. Control input with a change in solar radiation. Control input with a change in ambient temperature.

Sliding ModeControl
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× Theobjectiveis to designanonlinearobserver.

× Designingobserversis achallengingproblemdueto its importancein automaticcontroldesignsuchas:

V control

V monitoring

V fault diagnosis.

× canbewritten as:

× Theobserverfor thesystemis givenby:

× Linearmatrix inequality(LMI) is usedto computetheobservergain.
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Estimation error.
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× Designingobserversis a challengingproblemdueto

its importancein automaticcontroldesignsuchas:

V control

V monitoring

V fault diagnosis

× Provideanestimateof theinternalstateof aplant

× Designedobserverfor water-basedcollector

× Multiple modeldevelopedis used

× Theobjectiveis to designanonlinearobserver

× canbewrittenas:

× Theobserverfor thesystemis givenby:

× Linear matrix inequality (LMI) is used to compute the

observergain.

Observer Design

Observerdesignwith known inputs
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× Objective is to construct an observer subjected to an

unknowninput

× Improvementin thedesign

× Multiple water-basedmodeldevelopedis used

× Lyapunovapproachis usedto ensurestability

× LMI is solvedsimultaneously

× Necessaryand sufficient conditions for the existenceof

suchapproacharegiven

× Unknowninputobserverfor thesystemis describedas;

× Systemis unknowninput stateobserverif andonly if

× Solar radiation and ambient temperatureare not chosen as

unknowninputs

× Fluid inlet temperaturecannotbetakenasunknowninput because

measuredoutputcontainsit.

Observerdesignwith unknown input (WaterInlet temperature)
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× Initially simulatedwithoutanyunknowninput

× Choosingsystemsandobserverinitial conditionsrandomly

× A sinusoidalinput is injectedwith similar conditions

× Realstatesaretrackedby theobserverstates

× The resultsclearly agreeswith the theorymadeon

theobserverexponentialconvergence

× A smalleffecton thestates.

True states and their estimations without 

unknown input.
True states and their estimations with sinusoidal 

input Twi.

State estimation error.

Results
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The applications of the PV-T system are classified according to their temperatures.

ü Low-temperature applications take in heat pump systems and heating swimming pools or SPAs up to 50ºC.

ü Medium-temperature applications are found in buildings for domestic hot water and space heating where the

temperature of up to 80ºC is required.

ü High-temperature applications with a temperature above 80ºC are required for certain industrial processes, e.g.,

desalination and agro-industrial processes.

The applications include:

PV-T roof-top array supplying 
heating and electricity to building

Building

Á Most common application

Á Mounted on the walls

Á Occupies less space

Á Better efýciency

Á Energy obtained can be

utilized for domestic water

heating and space heating.

Greenhouse drying

Á Popular in developing

countries

Á Preservation of agricultural

products and food

Á Dried products are very

good source of nutrients

Á High temperature may

damage the product and the

germination capacity.

Greenhousedryer

31

Applications

http://www.interregsolarise.eu/


Desalination

Å Promising solution to obtain

drinking water

Å Can be used for irrigation purpose

Å Requires high temperature

Å Useful in remote areas and

isolated islands.

PV-T  Hybrid active solar still 

District heating/cooling

Å Requires large space/area

Å Parabolic trough collectors

are recommended

Å Useful for regions such as

the Mediterranean, Gulf,

and South Asia.

Å Beneýtsinclude community

energy management, safer

operation, increased

reliability, and reduced

operation costs.

Fig. 10: PV-T district heating 
and cooling.
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Refrigeration

Å It can be used in medical

laboratories, marts, and

slaughter houses

Å Especially for isolated islands

and coastal regions.

Schematic diagram of the proposed PV-T heat 
pump system on refrigeration mode

Applications



Drying
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× Drying is a fundamentalprocessin manyindustrialapplications.

× Popularin developingcountriesfor thepreservationof agriculturalproducts.

× Driedproductsareaverygoodsourceof nutrients.

× It is very critical processand must ensurethat the dried material satisfies recommended

specifications.

× Controlis importantin orderto guaranteethequalityof driedproductsin termsof

V Color

V Visualaspect

V Flavor

V Retentionof nutrients

V contaminantscontent.

× A lot of researchhasbeendoneandis alwaysongoing. Solar dryer.

Schematic diagram of PV/T drying system.
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× Usefulthermaloutputusedfor drying.

× Wasteheatat theoutletair canalsoberecovered.

× Input temperatureis proportionalto theoutputair underrecyclingscenario.

× Electricitygeneratedby thePV/T canbestoredandusedwhenneeded.

× Outputair temperaturecanbecloseto its maximumif :

V Therecyclingefficiencyis high

V Theair flow rate is low.

× Only neededto settheair flow rateto a low valuethatallows:

V Thecollectionof theheatfromsolarenergy

V Themoistureremoval

V Theheatrecoveryfromtheoutletair.

Solar dryer with air recirculation.
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Solar Living Lab
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Thermal part



PVT water PVT air Motorized PV Lighting

ECU I/O Board W ECU I/O Board A ECU I/O Board M ECU I/O Board L

Sensors Sensors Sensors SensorsActuators Actuators Actuators Actuators

Interface PCB (ECUs / Laptop Interface)

GUI 
Supervision

DatabasePC

Bus CAN

Serial 
Port

Process Monitoring of SOLLAB
CAN Bus Option

EE Architecture - SOLLAB
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EE Architecture - SOLLAB

PVT water PVT air Motorized PV Lighting

ECU I/O Board W ECU I/O Board A ECU I/O Board M ECU I/O Board L

Sensors Sensors Sensors SensorsActuators Actuators Actuators Actuators

Process Monitoring of SOLLAB
Wireless Option

MQTT Broker «Server» - Mosquitto

Publish Subscribe Publish Subscribe Publish Subscribe Publish Subscribe

Node-Red Database Website
Mobile 

Application

Publish Subscribe Publish Subscribe Publish Subscribe Publish Subscribe

PC
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