
Ch t i ti f A t d T t lCharacterization of an Aggregated TotalCharacterization of an Aggregated TotalCharacterization of an Aggregated TotalCharacterization of an Aggregated Total gg g
f OI t l R fl ti O tiInternal Reflection OpticInternal Reflection OpticInternal Reflection Opticp

Kevin Fine; David Schultz Supported by NREL Pre-Incubator Program Subcontract # NEU-0-99010-11Kevin Fine; David Schultz Supported by NREL Pre-Incubator Program – Subcontract # NEU-0-99010-11 ; pp y g

ACCEPTANCE ANGLEINTRODUCTION: MEASURING OPTICAL Primary AxisACCEPTANCE ANGLEINTRODUCTION: MEASURING OPTICAL Primary AxisACCEPTANCE ANGLE INTRODUCTION: MEASURING OPTICAL 
CHARACTERIZATIONA d T l I l R fl i (ATIR) i EFFICIENCY J METHOD CHARACTERIZATION:Aggregated Total Internal Reflection (ATIR) is EFFICIENCY J METHOD: CHARACTERIZATION:Aggregated Total Internal Reflection (ATIR) is EFFICIENCY – J METHOD: CHARACTERIZATION:gg g ( ) EFFICIENCY Jsc METHOD:

a new optics design space for solar
sc

Th id t l
a new optics design space for solar

Sh t i it t (J ) i ti l t The wide acceptance angle
a new optics design space for solar 

Short circuit current (J ) is proportional to The wide acceptance angle 
concentration pioneered by Banyan Energy

Short circuit current (Jsc) is proportional to p g
concentration pioneered by Banyan Energy

( sc) p p
f ATIR ti ll id

concentration pioneered by Banyan Energy 
d ll d th i t it f i id t S dof ATIR optics allow a mid-I Th i d t f ATIR exposed cell area and the intensity of incident Secondary of ATIR optics allow a midInc The primary advantages of ATIR are: a exposed cell area and the intensity of incident y

AxisInc. The primary advantages of ATIR are: a y
Axis

concentration panel to be mounted on an
p y g

t fil id t l light Optical Efficiency (OE) is measured by concentration panel to be mounted on ancompact profile wide acceptance angles light. Optical Efficiency (OE) is measured by concentration panel to be mounted on an compact profile, wide acceptance angles, light.  Optical Efficiency (OE) is measured by 
i ti l t fi d tilt i l i t k

p p , p g ,
if di ib i h f l i th J f b ll t th t f existing low cost fixed tilt single axis trackeruniform energy distribution across the focal comparing the J of a bare cell to that of a existing low cost fixed tilt single axis tracker, uniform energy distribution across the focal comparing the Jsc of a bare cell to that of a g g ,gy p g sc

ki it d i l t farea and a direct cell mate ll l d ith ti d t lli f making it a drop-in replacement for a one-sunarea and a direct cell mate. cell coupled with an optic and controlling for making it a drop in replacement for a one sun area and a direct cell mate. cell coupled with  an optic and controlling for g p pp p g
panelthe area and source intensity panel.the area and source intensity. panel.  the area and source intensity.

݈݂ܽ݊݅,ܿݏ ܿݏ ,2 ܿݏ ,2 1 1,݂ ܿݏ ,2 ܿݏ ,2 1 1
 

ܿݏ ݈ܽ݅ݐ݅݊݅ ܿ݅ݐ݌݋ ݑ݌݊݅ ݐ 2 ܿݏ 1 ݐݑ݌݊݅ ݈ܽ݅ݐ݅݊݅,ܿݏ2
ܿݏ 1

ܿ݅ݐ݌݋ ݑ݌݊݅  ݐ 2 1,ܿݏ ݐݑ݌݊݅ 2
1,ܿݏ

݇ݏܽ݉ ݇ݏ1݉ܽ 1

Figure 1: (Left) Rendering of a ‘Banyanized’ solar panel Line-focusFigure 1: (Left) Rendering of a Banyanized  solar panel.  Line-focus 
optics within the panel will reduce area costs and allow production tooptics within the panel will reduce area costs and allow production to 
scale with fewer constraints (Right) Existing tracking systems can bescale with fewer constraints.  (Right) Existing tracking systems can be 
used No downstream modification to solar infrastructure is neededused.  No downstream modification to solar infrastructure is needed.
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single-unit module prototype demonstrates module integration andsingle-unit module prototype demonstrates module integration and 
direct cell mate (Right)direct cell mate (Right).
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