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The REET Unit at FBK 

REET: Renewable Energies and Environmental Technologies 
 
 
Topics: 
 
• Solar energy 
• Non-ionizing radiations 
• Biomass 
• Geothermal energy 

+ 
 

Applied research 
in collaboration with 

companies 

Methods: 
 
• Experimental activity 
• Numerical simulations 
• Partner collaborations 



CPV systems 

PV: photovoltaics 
CPV: concentrated PV 
 
CPV possible advantages: 
- substitute part of the cell area with inexpensive optics  save money to 

lower system costs or to use more efficient cells 
- increase system efficiency with two axis tracking 
 
CPV possible disadvantages: 
- more complex system, due to tracking and optics 
- no diffused radiation capturing 
- optical losses 
- thermal issues 



Thermal “issues”? 

Thermal issues could be transformed in thermal energy gain! 
CPVT: CPV + thermal energy recovery 
 
Heat recovery is being widely considered for flat plates (PVT). In CPV 
systems, heat recovery can solve the problem of cooling. 
 
But… 
 
A compromise is needed for the operating temperature: 
as low as possible for cells, as high as possible for heating purposes. 
 
Crucial point: identification of a suitable heating application. 



CPVT components 

Tracking system: electric motor (e.g., step motor) and gears. 
 
Optics: primary optics (e.g., Fresnel lenses) and secondary optics (e.g., 
prism). 
 
Cells and packaging: PV cells (e.g., triple junction cells) and substrate (e.g., 
insulated metal substrate). 
 
Heat exchange: exchanger (e.g., micro-channel heat exchanger) and 
thermal circuit. 
 
Data acquisition and control: sensors (e.g., radiation and temperature 
sensors), hardware (e.g., PLC), software (tracking algorithm, MMPT 
algorithm, thermal management algorithm). 



A CPVT prototype 

Tracking system and optics 
(Bologna University) 

Solar cell and 
packaging (FBK) 

Micro-channel heat 
exchanger (FBK) 

Fresnel lenses, 30 cm x 30 cm Array of rectangular micro-channels, 
milled in aluminum 



Heat exchange kit 

Heat exchanger mounting 

PTFE 

O-Rings 

Cell packaging (IMS) 



Comsol model implementation 

Navier-Stokes equations, incompressible fluid (water). 
Heat transfer in solids and fluids. 
 
Solver. PARDISO, highly non-linear problem. 
 
Mesh, element order. Unstructured tetrahedral mesh elements 
(overall heat exchanger), mapped+swept mesh elements (single 
channel), linear. 
 
Boundary conditions. 
Fluid-dynamics. Walls: no slip b.c.’s. Inlet and outlet: velocity-pressure. 
Heat transfer. Insulation, temperature, heat flux, thin insulating layer. 
 



Heat exchanger 

Symmetry  reduced geometry 

Blue: fluid domain 

Heat flux 



Heat exchanger results 

Velocity distribution 
within the channels 



Single channel geometry 



Single channel geometry 

Lateral symmetry 

Blue: fluid domain 

Cell contact 

Blue: fluid walls 

Exploit symmetry 



Single channel results 



Preliminary results 



Conclusions 

• Micro-channel heat exchanger geometry: suitable for Si-cells with IMS 
packaging (provide manufacturing costs can be lowered) 

• Cell packaging: thermal bottleneck given by dielectric layer 

• Triple junction cells: improved thermal solutions have to be employed 

• Comsol  results (in reasonable agreement with analytical estimates) will 
be validated experimentally 





Technical Info 

Machine. Processor: double six-core, 2.66 GHz. RAM: 96 GB. 
 
Number of degrees of freedom. 
Micro heat exchanger: 
• Half-exchanger symmetry: 2,500,000 dof 
Single channel: 
• Array-like symmetry: about 200,000 dof 


