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Why CSP?

Unlike solar photovoltaic technologies, CSP has an inherent capacity to store heat energy for later 
conversion to electricity. 

SolarPACES 2021, DLR
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Tracking Error Reduces Optical Performance
Tracking error: the angular offset of a collector away from the sun position along the 
transversal plane. 

𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	𝑓𝑎𝑐𝑡𝑜𝑟 ≈ 1 𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	𝑓𝑎𝑐𝑡𝑜𝑟 ≪ 1

𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	𝑓𝑎𝑐𝑡𝑜𝑟	(𝛾) = !"#$%&	()	&*+,	-.*-	./-	-.%	*$,(&$%&
!"#$%&	()	&*+,	-.*-	./-	-.%	0(11%0-(&

 



Funded by:

This presentation may have proprietary information and is protected from public release.

𝑖𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡	𝑓𝑎𝑐𝑡𝑜𝑟	(𝛾) = !"#$%&	()	&*+,	-.*-	./-	-.%	*$,(&$%&
!"#$%&	()	&*+,	-.*-	./-	-.%	0(11%0-(&

 

Critical Angle 
Deviation = 
13.8 mrad

Tracking error reduces optical performance
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Field measurement sensor layout
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Calculation of torsional error
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Research Questions

1. How does torsional misalignment of PTC support structures vary over 
time and by location at three rows at an operational CSP plant?

2. How does wind loading affect the torsional misalignment?
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Torsional error during 7-month period

Row 1 Mid lags behind 
DO by a median of 13.9 
mrad.
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Row 2 Mid tracks 
ahead of DO by a 
median of 13.9 mrad.

Add Mid label

Part of the Row 1 solar collector assembly (SCA) may suffer from reduced optical performance
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Potential causes for torsional error trends

Strong 
correlation 

between 
torsional error 

and tilt angle

Largely 
insensitive to air 
temperature
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Potential causes for torsional error trends

Median represents static 
wind loading effects

Size of each box represents 
the dynamic wind loading

Substantial increase in standard 
deviation of Row 1 torsional error 

during south-westerly winds

At high wind speeds (> 5 m/s), 
torsional error becomes highly 

erratic and variable

Strong winds have opposite 
effects on row 1 torsional error 
when the troughs face toward 

versus away from the wind
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Combined effects of wind and tilt angle

+18 mrad
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+8.5 mrad

+6 mrad

During strong westerly winds, the torsional error could lead to reduced optical performance and non-
uniform heating of the receiver tubes.
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Aerodynamic effects of wind on PTCs
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The parabolic shape causes a transition between reducing and increasing torsional error to occur at a 
tilt angle of -20 degrees (tilted slightly toward the wind)
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So what does this look like in operation?

Wind conditions play an important role in torsion and the impact depends on the tilt angle of the PTCs.



Contributions of this Work

Thank You
Brooke Stanislawski (NREL)

brooke.stanislawski@nrel.gov

Created first-of-its-kind 
long-term field 

measurement dataset of 
operational CSP plant

Characterized torsional 
error at an operational CSP 

plant

Quantified the contribution 
of wind loading to torsion Journal article under review
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Back up
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Torsional error



Funded by:

This presentation may have proprietary information and is protected from public release.

Standard deviation of torsional error 
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Measurement set-up at NSO
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Met masts: data availability


