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2nd part of lecture on PV/T collectors
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PV/T –WATER systems
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PV/T –WATER systems

(Zondag, 2008)
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PV/T –WATER systems

(Sadnes and Rekstadt, 2002)
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PV/T –WATER systems

(Aste et al, 2014)
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PV/T –WATER systems

(Aste et al, 2014)
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PV/T –WATER systems

(Ibrahim et al, 2009)
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PV/T –WATER systems

(Dupeyrat, 2011, 2014) (Fortuin et al, 2014)
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PV/T –WATER +AIR systems
One of the first commercial PV/Tcollectors (MSS, MilleniumElectric) is based on the conceptof PVT collector with heat andwater heat extraction (Elazari,1998).Tripanagnostopoulos (2007) andAssoa et al (2007) suggest suchPV/T collectors and give resultsfrom tested experimental models.

(Assoa et al (2007)
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PV/T –WATER +AIR systems
The suggested systems are based on the TMS, FIN and RIB modifications , for the air heat extraction improvements

 

(Tripanagnostopoulos, 2007)
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Solar energy system application chart 
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Glazed PVT

ST and PV/T system performance

Comparison of thermal efficiency curves of solar thermal and PV/T collectors
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PV/T +THERMAL systems
For  the optimal use of building roof and façade to obtain heat and electricity from solar energy systems, an effective combination of  thermal collectors, photovoltaics and PV/T systems should be applied. 

An effective system is the thermal collectors with PV/Tcollectors connected with the same water storage tank.The PV/T collectors preheat the water and the thermalcollector s work for the main heating.

(Tripanagnostopoulos, 2006)
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The suggested PV/T+Thermal collectorsystem can be applied to larger solar energyarrays. Both systems (PV/T and ThermalCollectors) can be connected with the samewater storage tank.
In this system the heat from PV/T collectorsis transmitted to water storage tank throughHeat Exchanger . The HE is placed at thelower part of storage tank to have thermalcontact with the cooler water in the tank .
The thermal collectors provide storage tankwith heat of higher temperature than PV/Tsystem, as they can operate efficiently athigher temperatures without the existingPV/T thermal limitations.

PV/T +THERMAL systems

(Tripanagnostopoulos, 2006)
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Effective use of diffuse booster reflectors to PV and PV/T systems to improve performance (Tripanagnostopoulos et al, 2005, 2006, 2007, Robles-Ocampo et al. 2007, Kosticet al, 2010) 

LOW CONCENTRATING PV/T systems

(Tripanagnostopoulos et al, 2002)
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(Tripanagnostopoulos et al, 2002)

LOW CONCENTRATING PV/T systems
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 The system concentration ratio factor along PV module,for different reflectors: flat aluminum sheets (left) andwhite painted sheets (right), as low cost diffuse reflectors.

(Tripanagnostopoulos et al, 2002)

LOW CONCENTRATING PV/T systems
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(Kostic et al, 2010)

LOW CONCENTRATING PV/T systems
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LOW CONCENTRATING PV/T systems
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(Coventry, 2006) (Helmers and Kramer, 2013)

LOW CONCENTRATING PV/T systems
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(Coventry, 2006)

LOW CONCENTRATING PV/T systems
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(Chemisana and Ibanez, 2010) 

(Rossel et al, 2005) 

LOW CONCENTRATING PV/T systems
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Example of application of PVT
PVT field area 20 [m2]
Reference temperature for PV efficiency 25 [C]
PVT slope 30°
PVT azimuth 0 °
PVT set point temperature (when TK1 is 
supplied) 30/70 [C]
PVT set point temperature (when TK2 is 
supplied) 55 [C]
TK1 volume/PVT area 100 [l/m2]
TK1 set point temperature 25/65 [C]
TK2 volume/PVT area 50 [l/m2]
TK2 set point temperature 50 [C]
TK3 volume 1 [m3]
TK3 set point temperature winter 47 [C]
TK3 set point temperature summer 6 [C]
TK1, TK2, TK3 los coefficient 0.278 [W/(m2 C)]
P3 flow 2400 [kg/h]
P4 flow 1500 [kg/h]
P5 flow 3600 [kg/h]
HP rated heating capacity 8 [kW]
HP rated cooling capacity 7 [kW]
Space heating set point temperature 20 [C]
Space cooling set point temperature 26 [C]

From: A novel solar-assisted heat pump driven by photovoltaic/thermal
collectors: Dynamic simulation and thermoeconomic optimization.
Francesco Calise , Massimo Dentice d'Accadia , Rafal Damian Figaj , Laura
Vanoli
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Operation functioning
In winter time the PVT provides the
heat to Tank 1(TK1) and Tank
2(TK2). TK1 provides the heat for
the evaporator of the heat pump
whereas from TK2 comes the heat
for the DHW (Domestic hot Water).
The heat Pump heats tank 3 (TK3)
that feeds the Fan coil for the space
heating.

From: A novel solar-asisted heat pump driven by photovoltaic/thermal collectors: Dynamic simulation and thermoeconomic optimization.
Francesco Calise , Masimo Dentice d'Accadia , Rafal Damian Figaj , Laura Vanoli

In summer time the PVT provides the
heat to Tank 1(TK1) and Tank 2(TK2).
From TK1 comes the heat for the
adsorpition chiller.
When the power of the adsorpition
chiller is not enough we can use the
heat pump like auxiliary.
All of this two system cool TK3 that
feeds the Fan coil for the space
cooling.

Example of application of PVT
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Study for PV/T and STC application

Total surface of the roof [m2]: 431
Hotel 3* [l/day*person]: 60
Total liters for day of DOMESTIC HOT
WATER: 6120
Heat Pump data middle cop= 5,00
PV data
average solar radiation [kWh/day]=5,69
B.O.P. factor balance of system=0,8
η PV=0,12
η th = 0,7
Optimum panel inclination: 33°

Suitable application for the use of PV/T systems is a Hotel. We are realizing a solution for
an existing hotel in Patras (GR), that already uses the thermal panels for producing DHW.
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The balance point between PVT
and Thermal panels
(1) to use a heat pump to provide

the heat to DHW and to use, in
the winter, the heat from the
PVT to have an higher COP of
the HP;

(2) to use the heat from the PVT
for pre-heating the water and
thus to use the solar thermal
panels to achieve the higher
temperatures

Our idea is to cuple PVT with solar Thermal panels in order to cover all the DHW consumption
and to provides a tiny amount of electrical energy to reduce the required from the net.

Study for PV/T and STC application
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(Tripanagnosatopoulos et al, 2006) 
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The direct incident solar radiation can be concentrated onan absorber strip, located at the focal position and can betaken away to achieve lower illumination level and also toavoid the overheating of the space.

PV/T systems combined with Fresnel lenses

In low intensity irradiance, the absorber can be out offocus leaving the light tocome in the interior spaceand keep the illuminationat an acceptable level.

(Tripanagnostopoulos et al, 2006)
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Absorbers at focusAbsorbers out of focus
The combination of Fresnel lenses with linear PV/T absorbers can control theillumination and the temperature of the transparently covered internal spacesof buildings (atria, sunspaces).

PV/T systems combined with Fresnel lenses

(Tripanagnostopoulos et al, 2006)
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atrium sunspace

room industry

PV/T systems combined with Fresnel lenses

(Tripanagnostopoulos et al, 2006)
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CPC reflectors combined with PVT absorbers
Stationary CPC reflectors with flat bifacial absorber iscombined with PV strips that track the converged solarradiation and absorb the concentrated solar radiation.
The non-absorbed beam solar radiation and the diffusesolar radiation are absorbed by the secondary flat bifacialthermal absorber.
In asymmetric CPC reflector, the PV strip is moving infront of the thermal absorber, tracking the convergedsolar radiation.
The parabola axis is directed to: (b) the higher altitude ofsun (summer) or to (c) the lower sun altitude (winter).

a

b

c (Tripanagnostopoulos , 2008)
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Greenhouse with PV and PVT systems
Greenhouse roof can be used to install PV modules and provide electricity.
PV modules should be arranged in a suitable way, to avoid permanent plant shading and  to contribute to natural ventilation  of greenhouse.
The PV modules can carry water heat exchangers at their rear surface and be combined with thermal storage to operate as cooling (during day)-heating (during night) system of the greenhouse. (Rocamora and Tripanagnostopoulos, 2006)
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Suggested applications of improved PVT systems
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Suggested applications of improved PVT systems
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Suggested applications of improved PVT systems
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Suggested applications of improved PVT systems
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Suggested applications of improved PVT systems

Building roofs can be effectively used to install PV modules, filling the opposite roof surface with diffuse reflectors, to provide additional solar energy and increasing  system’s electrical output
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HYBRID PV/T COLLECTORS ON CYCLADIC HOUSE ROOF

Suggested applications of improved PVT systems

European Cooperation in the field of Scientific and Technical Research

COST is supported by the EU RTD Framework Programme ESF provides the COST Officethrough an EC contract

Building Integration of Solar Thermal Systems – TU1205 – BISTS www.cost.esf.org

Example of aesthetic integration of solar and wind energy systems on a building of Cycladic islands, for effective operation of sun and wind 

Suggested applications of improved PVT systems
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EPILOGE  (1)
The hybrid Photovoltaic/Thermal (PV/T or PVT) collectors convert solar radiationsimultaneously to electricity and heat, increasing the total energy output of PVs.
PV/T collectors are distinguished in PV/T-water and PV/T-air collectors, depending onthe heating medium used. In PV/T-air collectors the contact of air with PV panels isdirect, while in PV/T-water collectors the water heating is usually through a heatexchanger.
Apart from the use of the flat type PV/T collectors, there have been developed concentrating PV/T collectors (CPVT) using reflectors or lenses and concentrating type cells, aiming to cost effective conversion of solar energy. 
The work on PV/T collectors  has started before forty years and still they are not yet applied enough.  New PV/T collector designs are promising  for a wider application next years, mainly to adapt zero energy building requirements.  
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EPILOGE  (2)
Among the interesting suggested improvements to PV/T collectors for the achievementof higher performance and longer durability, there can be referred the following:
• The placement of TMS and FIN in the air duct of PV/T-AIR collectors
• The combination of PV/T collectors with booster diffuse reflectors
• The installation of both PV/T and Thermal collectors to building roofs and facades
• The use of temperature resistant PV modules to PV/T collectors
• The high performance attachment of PV modules and heat extraction units
• The thermal insulation switching to control PV/T system operating temperature
• The effective combination of concentrators with PV/T solar radiation receivers
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