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CPV 
Concentration photovoltaics 1 

CPV – CONCENTRATION PV 

 Concentration concept 

 Solar cells under concentration 

 Categories of concentration 
 Including luminescent concentrators 

 Solar cells for concentration 
 Silicon 

 Multijunction 

 What is the best CPV technology? 

2 



2 

CPV – CONCENTRATION PV 

Concentration concept 

 Replace expensive solar cell by cheaper materials, e.g. 

mirrors and/or lenses 

 ‘Allows’ for the use of more efficient (i.e. expensive) 

solar cells 
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CPV – CONCENTRATION PV 

Concentration concept 

 Replace expensive solar cell by cheaper materials, e.g. 

mirrors and/or lenses 

 ‘Allows’ for the use of more efficient (i.e. expensive) 

solar cells 

 

More complex 
structure/assembly 

Loss of diffuse light 

Expensive cells 

Higher efficiency 

Reduced cell area 
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CPV – CONCENTRATION PV 

Solar cells under concentration X 

 Increased irradiance 

 

 Increased current 

 

 Increased voltage 

 

 

 Increased efficiency: 
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CPV – CONCENTRATION PV 

Solar cells under concentration X 

 

 

 

 

 

 

 

 Increased series resistance loss 
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CPV – CONCENTRATION PV 

Solar cells under concentration X 

 

 

 

 

 

 

 

 Optimum concentration for a given cell 
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CPV – CONCENTRATION PV 

Concentration 

factor X 

Small 

X = 2 to 100 

Middle 

X = 100 to 300 

Large 

X = 300 to >1000  

‘Possible’ classification scheme for CPV 
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CPV – CONCENTRATION PV 

Tracking 

1-axis 

(X<100) 

2-axis 

(X>100) 

Other 

(static or 1-axis+secondary)  

Another ‘possible’ classification scheme for CPV 
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CPV – CONCENTRATION PV 

Type of 

concentration 

Reflective 

(mirror) 

Refractive (lenses) 

(or secondary concentrator) 

Other 

e.g. Fluorescence collectors  

Another ‘possible’ classification scheme for CPV 
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3% 

10% 

8% 

44% 

35% 

≤ 3X 

3X - 100X

100X - 400X

 ≥ 400 

n.a.

2% 

19% 

6% 

38% 

35% 

reflective trough

refractive point-focus

reflective point-focus

other

n.a.

50% 

21% 

29% 

Multi-junction

Silicon

n.a.

57% 

3% 

6% 

34% 

dual-axis

single-axis

none

n.a.

CPV – CONCENTRATION PV 

Concentration factor Optics 

Solar cell technology Tracking 
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CPV – CONCENTRATION PV 

Luminescent concentrator 

 Old idea A.Goetzbergeret al, Appl. Phys. 14, 123 (1977) 

 Recently back to fashion M.Currie, Science 321, 226 (2008) 

 (Potentially) low cost 

 No tracking required 

 Low efficiencies (<7%) 

 Short lifetime (days) 

 

 

L.H. Sloof et al, Luminescent concentrator: a bright idea for spectrum conversion?, 20th Euopean PV Conference, Barcelona, 2005  
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CPV – CONCENTRATION PV 

Luminescent concentrator 

 

J.C. Goldschmidt et al, Increasingthe efficiency of fluorescent concentrator systems, Solar Energy Materials & Solar Cells 93 (2009) 176–182  
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CPV – CONCENTRATION PV 

High efficiency silicon solar cells 

 High quality silicon: lifetime >> thickness 

 Strong doping below contacts 

 To reduce contact resistance 

 To reduce recombination 

 High quality surface passivation, textured surface & 

antireflective film 

 Back contact or emitter wrap through 

 Increased thickness to reduce series resistance 

 Reduced thickness to increase area 
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CPV – CONCENTRATION PV 

High efficiency silicon solar cells 

29 

A. Bett et al, Concentration PV, in The Strategic Research Agenda (SRA), EU Photovoltaic Technology Platform, 2006 

CPV – CONCENTRATION PV 

High efficiency multijunction solar cells 
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CPV – CONCENTRATION PV 

So many options, what’s the best CPV? 

 

Reliability 

Cost Performance 

31 

CPV – CONCENTRATION PV 

So many options, what’s the best CPV? 

 

Choosing the ‘right’ concentration factor X 

 Cost of rigid structure 

 Cost of solar cell 

 Efficiency of solar cell 

 Alignment issues (wind, thermal expansion, assemply tolerance) 
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CPV – CONCENTRATION PV 

So many options, what’s the best CPV? 

 

Large cells and optics 

 

 Reduced part count  

 Rigid structure 

 Can use active cooling  

 Modulairy can be advantage 

Small cells and optics 

 

 Reduced material cost 

 Aesthetic appeal  

 Heat is distributed 

 Smaller current 
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CPV – CONCENTRATION PV 

So many options, what’s the best CPV? 

 

Higher f number 

 

 Easier assembly (higher tolerance 

to misalignments) 

Lower f number 

 

 Reduced thickness 

 Innovative and more 

appealing design 
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CPV – CONCENTRATION PV 

 So many options, what’s the best CPV? 

The jury is still out… 

Time will tell which one is best, if any. 
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