
 National Renewable Energy Laboratory 
Innovation for Our Energy Future 

A national laboratory of the U.S. Department of Energy
Office of Energy Efficiency & Renewable Energy

NREL is operated by Midwest Research Institute ● Battelle     Contract No. DE-AC36-99-GO10337 

Conference Paper 
NREL/CP-520-36581 
January 2005 

Development and Testing of  
High-Temperature Solar Selective 
Coatings 

C. Kennedy and H. Price 

Presented at the 2004 DOE Solar Energy Technologies  
Program Review Meeting 
October 25-28, 2004 
Denver, Colorado 



NOTICE 

The submitted manuscript has been offered by an employee of the Midwest Research Institute (MRI), a 
contractor of the US Government under Contract No. DE-AC36-99GO10337. Accordingly, the US 
Government and MRI retain a nonexclusive royalty-free license to publish or reproduce the published form 
of this contribution, or allow others to do so, for US Government purposes. 

This report was prepared as an account of work sponsored by an agency of the United States 
government. Neither the United States government nor any agency thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights.  Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily 
constitute or imply its endorsement, recommendation, or favoring by the United States government or any 
agency thereof.  The views and opinions of authors expressed herein do not necessarily state or reflect 
those of the United States government or any agency thereof. 

Available electronically at http://www.osti.gov/bridge

Available for a processing fee to U.S. Department of Energy 
and its contractors, in paper, from: 

U.S. Department of Energy 
Office of Scientific and Technical Information 
P.O. Box 62 
Oak Ridge, TN 37831-0062 
phone:  865.576.8401 
fax: 865.576.5728 
email:  mailto:reports@adonis.osti.gov

Available for sale to the public, in paper, from: 
U.S. Department of Commerce 
National Technical Information Service 
5285 Port Royal Road 
Springfield, VA 22161 
phone:  800.553.6847 
fax:  703.605.6900 
email: orders@ntis.fedworld.gov 
online ordering:  http://www.ntis.gov/ordering.htm

Printed on paper containing at least 50% wastepaper, including 20% postconsumer waste 

http://www.osti.gov/bridge
mailto:reports@adonis.osti.gov
mailto:orders@ntis.fedworld.gov
http://www.ntis.gov/ordering.htm


Development and Testing of High-Temperature Solar Selective Coatings 
 

 C. Kennedy and H. Price  
National Renewable Energy Laboratory (NREL) 

1617 Cole Blvd., Golden, CO 80401 
cheryl_kennedy@nrel.gov 

 
ABSTRACT 

 
 The Solar Energy Technologies Program is working to 
reduce the cost of parabolic trough solar power 
technology. System studies show that increasing the 
operating temperature of the solar field from 390º to 
>450ºC will result in improved performance and cost 
reductions. This requires the development of new more-
efficient selective coatings that have both high solar 
absorptance (>0.96) and low thermal emittance (<0.07) 
and are thermally stable above 450ºC, ideally in air. 
Potential selective coatings were modeled, identified for 
laboratory prototyping, and manufactured at NREL. 
Optimization of the samples and high-temperature 
durability testing will be performed.  Development of 
spectrally selective materials depends on reliable 
characterization of their optical properties. Protocols for 
testing the thermal/optical properties of selective coatings 
were developed and a round-robin experiment was 
conducted to verify and document the reflectance and 
high-temperature emittance measurements.  The 
development, performance, and durability of these 
materials and future work will be described. 
 
1. Objectives 
 Improving the properties of the selective coating on the 
receiver represents one of the best opportunities for 
improving the efficiency of parabolic trough collectors 
and reducing the cost of solar electricity.  As discussed in 
the Solar Program Multi-Year Technical Plan [1], to 
achieve long-term goals, the cost of the current solar 
collector technology needs to be reduced by half and the 
annual solar field efficiency increased by 15%. The 
efficiency of this technology will be increased and the 
cost reduced if the solar field operating temperature is 
increased from 400º to >450ºC.  Current coatings do not 
have the stability and performance necessary to move to 
higher operating temperatures.  The objective of this 
activity is to develop new, more-efficient selective 
coatings with both high solar absorptance (a >0.96) and 
low thermal emittance (e <0.07) that are thermally stable 
above 450ºC, ideally in air, with improved durability and 
manufacturability and reduced cost.  An additional 
objective is to develop the protocols for testing the 
thermal, optical, and stability properties of the selective 
coating.  
  
2. Technical Approach 
2.1 Development of solar selective coating 

To identify potential high-temperature selective 
coatings, we reviewed the literature [2].  Computer-aided 
design software was used to optically model the coating 

thickness and composition of the most promising 
candidates.  Our experimental work focused on modeling 
high-temperature solar selective coatings, depositing the 
modeled coatings, obtaining data to validate predictions 
and estimates, and re-optimizing the coating to meet the 
desired specifications. The deposition parameters are 
responsible for the microstructure, which, in turn, 
determines the optical and mechanical properties of the 
film layer.  During the development of the coatings, the 
composition, morphology, optical, and physical properties 
of the individual layers and coatings were characterized to 
optimize the optical and durability properties of the solar 
selective coatings.  
 
2.2 Characterization/durability testing 

Development of spectrally selective materials 
depends on reliable characterization of their optical 
properties. Using standard spectrophotometers, solar 
reflectance is usually measured in the 0.3–2.5-µm 
wavelength range at near-normal angle of incidence.  The 
key for high-temperature usage is low e, because the 
thermal radiative losses of the absorbers increase 
proportionally by the fourth power of temperature.  
Emittance is frequently reported from reflectance data 
fitted to blackbody curves.  It is important that the room-
temperature reflectance measurements are accurate and 
the calculated data are verified with high-temperature 
emittance measurements before using high-temperature 
emittance calculated from room-temperature data for each 
selective coating.  To verify the accuracy of the room-
temperature reflectance and high-temperature emittance 
measurements, a round-robin experiment was conducted 
with four solar selective receiver materials with four 
laboratories with infrared (IR) reflectance and high-
temperature capabilities: NREL’s FTIR laboratory, 
Sandia National Laboratories (SNL), AZTechnologies 
(AZT), and Surface Optics Corporation (SOC).   
 
3. Results and Accomplishments 
3.1 Development of solar selective coating 

Multilayer coatings were modeled because they were 
significantly easier to model than cermets, with plans to 
convert the best multilayer design into a cermet later.  We 
reviewed the material properties of candidate materials 
for the solar selective coating design and materials with 
low thermal stability and high reactivity were down-
selected; materials with more suitable properties were 
modeled.  The original concept did not work as well as 
hoped, but we found a low-emittance, high-temperature 
material that, when modeled, gave solar selective coatings 
with excellent emittance; however, the absorptance of 
modeled coatings was lower than desired.  With further 
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refinement, a simplified multi-layer design resulted in 㬐 = 
0.959 and 㭐 = 0.061 at 400°C [3].  This basically exceeds 
the goal specification by about 1% overall because 1% in 
emittance is worth about 1.2% in absorptance.  The key 
issue becomes trying to make the coating.  Further 
improvements are expected by incorporating improved 
AR coatings, cermets, and textured surfaces; however, 
trade-offs exist between low emittance and high 
absorptance. 

We are in the middle of calibrating materials- and 
thickness-monitoring equipment; checking the n and k 
values; verifying the thickness and uniformity; and 
checking optical properties, stoichiometry, and 
morphology of the individual layers for the construction.  
After we have characterized the individual layers, we will 
deposit the advanced construction, compare the measured 
properties with the model, and make further refinements 
to the model and coating deposition. 

3.2 Characterization/durability testing 
 AZT, NREL, and SOC measured tube samples of 
UVAC A, UVAC B, Luz Cermet, and Black Ni at room 
temperature, where each sample was cut into four 90-
degree sections.  Measurements were taken on each 90-
degree section.  SOC measured UVAC A at incident 
angles of 15º, 30º, 45º, and 60º at room temperature from 
0.3 µm to 26 µm.  NREL and SOC made measurements 
on UVAC A from 1.5 µm to 26 µm at 200ºC, 400ºC, and 
again, at room temperature after being heated.  SNL still 
needs to measure the samples.  Correlating the geometry 
corrections, comparing the AZT, NREL, SOC, and SNL 
(when received) data, comparing the high-temperature 
measurements with the blackbody calculations, and 
comparing incident angle with near-normal 
measurements, then writing a final report summarizing 
the results and conclusions still need to be done. 

 An important requirement for the absorber coatings is 
long-term thermal stability above 450ºC, ideally in air.  At 
high temperatures, thermal emittance is the dominant 
source of losses, and the requirement of low emittance 
often leads to complex designs that are frequently 
susceptible to degradation at the working temperature. To 
determine the durability and thermal stability of the 
spectrally selective coatings being developed, a high-
temperature inert-gas oven was purchased and installed 
that will allow the coatings to be exposed at their 
operating temperatures and conditions for longer periods 
of time.   The oven has a temperature range of +1100ºF 
(+593ºC) in an inert-gas environment [N2, Ar, CO2, He, 
and forming gas (a mixture of H2 and N2)].  
 
4. Conclusions 
 The long-term goal is to develop new, more-efficient 
selective coatings that have both high solar absorptance 
(>0.96) and low thermal emittance (<0.07) and are 
thermally stable above 500ºC, ideally in air; such coating 
will thus allow an increase in the solar fields operating 
temperature from 400º to >450ºC, leading to improved 
performance and reduced cost of solar parabolic troughs. 
Solar selective coatings with optical properties exceeding 
the goals (absorptance 0.959 and emittance 0.061 at 
400ºC) have been modeled for materials with high 
thermal stability.  This exceeds the goal specification by 
about 1% overall because 1% in emittance is worth about 
1.2% in absorptance. The key issue then becomes trying 
to make the coating.  The constituent layers have been 
deposited and characterized in preparation to depositing 
the modeled selective coating stack on the NREL multi-
chamber deposition system. To perform durability testing 
on the coatings, a high-temperature (600°C) inert gas 
oven has been purchased and installed.  To verify and 
document the room-temperature reflectance and high-
temperature emittance measurements, a round-robin 
experiment was conducted with four laboratories with 
high-temperature capabilities: AZT, NREL, SNL, and 
SOC. 
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Fig. 1.  Improvements in advanced NREL selective 
coating gives modeled coating with 㬐 = 0.959, 㭐 = 
0.061 at 400°C. 
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