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Why Are We Backtracking? O

N

First Solar.

BACKTRACKING: A NOVEL STRATEGY FOR TRACKING PV SYSTEMS

David Panico and Paul Garvison Howard Wenger and Daniel Shugar

Pacific Gas and Electric Company
Dept. of Research and Development

Integrated Power Corporation
Rockville, Maryland

Performance-related benefits. An analysis of
energy performance (see next section) demonstrates the
energy collection advantages of backtracking systems
versus conventional tracking. This results from the fact
that the energy losses du increased incidence angles
as losses due to shading.
specially true for non-shade-tolerant (i.e., series) pan
and large ground cover ratios. Also t

Advantages of Backiracking

The use of backtracking can provide four main
types of benefits: area-related due to closer-packed
arrays; performance and reliability-related due to the

elimination of inter-array shading; and design-related
when used with series-configured panels.

racking scheme,
JLong-term reliability of

i i a-meeds to be studied. Itis
possible that faulures due to loose heat sinks or other
causes could shorten diode design life, and thus leave
some cell strings unprotected from reverse bias
conditions, and subject to the failures described above. It
follows that strings requiring protection most often will
experience greatest diode failures, as these are
conducting most frequently.
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Why Are We Not Backtracking? O

* Backtracking “backs off” the optimum tracker tilt angle, to completely avoid tracker-to-tracker
shading, which is detrimental to Si modules because the voltage contribution of entire cells is lost

* This approach eliminates Beam (Direct) shading, but not the other types of shading.
Diffuse sky and diffuse ground “shading” still exist, in varying amounts, throughout the day

* “Truetracking” (not-"backtracking”) with First
Solar’s linear shading response (when shadow
edge is perpendicular to the module’s cells)
produces more energy

Backtracking

* Modeling direct beam shading has good

True-Tracking agreement with experimental data

» Diffuse and albedo shading is sometimes
ignored, especially when backtracking is
activated, risking an over-estimate of the
backtracking advantage

Images: http://www.lauritzen.biz/Solutions/backtracking.pdf 4
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Backtracking Deactivation Experiment
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Backtracking vs. True Tracking over a Year O
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Diffuse Shading Algorithm (1-D) O
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e Diffuse shading =1 for tilt =0
* Normalized horizontal distance between rows d = App — Wi cos _ D
 Diffuse shading factor Wesin W, sin 8
B 1 .
. . Ushp = COS E_E(de-l_l_d)Sln'B

T, K= K=2 K=3
| ;
|
|

L module tilt angle

A post-to-post spacing

pp
W; table width

Dan Weinstock, Joseph Appelbaum, Optimal Solar Field Design of Stationary Collectors. Journal of Solar Energy Engineering, August 2004, Vol. 126 / 905 7
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Diffuse Shading Algorithm (2-D) O
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* Generalized version over 2 dimensions - determine the sky field o
of view from observation point g, occluded by neighboring row fu
e Calculate the integral over the solid angle subtended by the top 2 -
edge of the “infinitely long” row in front, applying both the beam
incidence angle modifier IAM(®) and the regular cosine response Temimom w w e

cos(@) terms due to non-normal incident irradiance

Zenith

* Compute shading factors explicitly at

Normal each time step — will be static for
Top of table fixed-tilt arrays, but dynamic for
trackers

e Can be expanded to account for
back-of-module and ground
irradiance

Haorizontal

Bottom of table
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Example Shading Factors for a Single Day O
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Shading Factors of a True-Tracking Horizontal Tracker .
* Horizontal tracker
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Conclusions — Tying It All Together

* With backtracking enabled in the
simulation tool, not accounting for
diffuse shading in backtracking systems
can overestimate energy generation by
1%-2%.

o Backtracking only eliminates beam
shading. Other types of shading
(diffuse, albedo) are still present

* Due to First Solar modules’ linear
shading response, even when
accounting for diffuse shading in
conjunction with truetracking, First
Solar systems will still yield more energy
over an equivalent backtracking system

* |Increase is about 1% - 2%
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