SMART
Solar module angular respon

Lianne de la Salle, John Cook, Pratibha Sharma, Joan Hays
University of Ottawa

Introduction Results Discussion

»In Concentrating Photovoltaic (CPV) systems, a
large area of sunlight is focused onto a solar cell
using an optical device. CPV technology has
competitive industry advantages: it requires less
photovoltaic (PV) material to capture the same
sunlight as non-concentrating PV. Using less PV
material mitigates the high cost of highly-efficient

In assessing angular acceptance [3] we define the incident angle at 90% of the maximum obtainable efficiency Losses due to non-uniform illumination and chromatic
(FW90%M) (full-width acceptance angle). Firstly, we measured and modeled FW90%M values for three prototypes, aberrations across the very broad 3JPV wavelength range
given in Table 1 and Fig. 1. Secondly, we modeled a typical CPV refractive optical train with a geometric concentration [4], are possible causes accounting for the difference in
of 625 suns (1 sun = 1000Wm-2), consisting of a Fresnel lens primary optical element (10E) and the truncated pyramid angular response of the three prototypes. Imprecise
secondary optical element (20E), similar to Prototype B. Thirdly, instantaneous mistracking data was extracted from a tracking may also cause spectral changes and hence
logging database. current mismatch changes between the sub-cells of a
multi-junction cell.

multi-junction [lI-V material, while reaching cell
efficiejncies of 44.7% [1]. 5 Prototype C, FW90%M FWHM 100% The tracker precision in this work was found to be 5_,. ..
~ 0.83° and o,ption ~ 0.39° (FWHM 2.0° and 0.9°
VR A 400x 3.0° 3.4° A-Proto A respectively, approximating the response with a Gaussian
» CPV devices can harvest only the direct beam of 80% oot B function). Examining Fig. 2, it is suggested the level of
. s ..
the sun, and thus must be mounted on dual-axis Measured . 500 5 10 4.6° 2 roto precision of the tracker decreases the long term energy
trackers. Increased optical concentration in the @ 60% ——Bmode|  Vield of all three CPV modules studied. The angular
modules is desirable as it improves cell efficiency Measured c — 1.8° 25° B with20E  response of prototypes A and B is promising and would
due to the In(C) dependence of semiconductor PV £ a0 +-Proto C be able to maintain roughly 95% of nominal module
cell voltage. However, increasing optical N B with 675 5 6° 4.0° vield. However, prototype C with the highest
concentration will narrow the achievable angular 20E | --FW90%M concentration factor needs a more precise platform. The
acceptance which in turn requires better tracking - 20% substantial effect of the 20E in improving angular
.. : : n 9 o 0 . : :
precision. Widening the angular response of solar Modeled 20; 025 1.3 2.0 - - -FWHM response is evident in prototype B.
concentrating modules can compensate for the 0% l |
tracker system’s accuracy. Extracted (Tar ;‘ikglr) 0.3°x0.2° | 2.0°x0.9° 3° 2° 1° 0° 1° 50 3°
Tracker Relative Angle '
. Table 1. Summary of results. Geometric concentration ConCI usion
»~In this study, we assess the angular response and factors (Cg), Full Width at half maximum (FWHM), full width | Fig. 1. Measured and modeled angular responses of three prototype CPV
effects of tracking precision for three different at 90% maximum (FW90%M) module architectures. This study used a simple, low-cost method to determine
prototypes composed of an input lens, a refractive the angular acceptance of three different CPV modules
' iple- ' . and assess their performance robustness against
secondary | optic (20E), and a triple-junction Prototype B contains . Prototype C . . P . . | g
photovoltaic solar cell (3JPV). On-sun tracker and six nominally , _ imperfect tracking. Following this study, measuring long
module measurements are compared with dentical channels “u...\- - 100% term energy harvest, module orientation anisotropy,
modeling that combines optical ray tracing with a connected ' ' i scaffold flatness, alignment to sun sensor, and wind
simulation of multi-junction cell efficiency versus electrically in series, ;B effects would provide more insight into CPV module
illumination spot uniformity. while prototypes A = angular performance on a tracker system.
o©
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a single channel [ —Proto B
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concentration. Cg is defined as the ratio between the aperture area [5].



