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Project facts

Duration: 48 months
Start date: 01/04/2016
End date: 31/03/2020

Budget:
Total cost: 10.5 M€
EU contribution: 9.3 M€

Funded by: EU H2020 program, 
Call:  NMP-16-2016 Nanotechnologies, Advanced Materials and Production

Project approach
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Coating and material developments in RAISELIFE
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Testing of new absorber coatings

Lab testing:
 Climate chambers: Salt Spray, Humidity Freeze, Damp Heat, Sand Erosion
 Isothermal: 3 temperature levels, up to 4000h
 Cyclic furnace: up to 1000 cycles

100 “slow” cycles: 200 - 650/750ºC, 30 K/min, 350 
kW/m², 1h, combined with 1000h isothermal pre-
oxidation and 120h of condensation 

50 “fast” cycles: 400 - 650/750ºC, 300 
K/min, 700 kW/m², 20min
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BSII coating tested in RAISELIFE will be employed in DEWA solar tower in Dubai
Lifetime of 15 years expected (7 years for T91 substrate of steam receivers)

Performance of new absorber coatings
Initial solar absorptance

Degradation rate

* Average value based on Ho et.al, 
Coventry et. al, Tsuda et. al, and 
DLR data

*
Initial thermal emittance
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• On-tower recoating is challenging: 
cleaning and surface preparation, 
on-tower painting, complicated 
solar curing profile, etc. 

Absorber coatings O&M 
• Ivanpah: after 7 years of operation (+ 2 years 

construction) no major failures, only local 
repairs of BSII coating

Common local coating failure

Spotted oxidation Corrosion Cracking

2x2 m² automatic coating machine

Automatic coating machine

• Coating thickness tolerances: 5 µm 
(manual painting: 20 µm) 
 fewer coating “weak points” 
 higher durability expected

Similar durability of solar and 
furnace cured coating 
demonstrated in dish cycling tests!
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• Protective coatings: excellent performance after 
10,000h of static testing in solar salt at 580°C

• Measured corrosion rates in solar salt at 580°C: 
T91: 169 µm/year
VM12-SHC: 59 µm/year
Inconel617: 15 µm/year (based on 4000h data)

• DECHEMA coating: corrosion layers up to 26µm have 
been measured under dynamic conditions (flow rate of 
0.2m/s at 580°C) 

• Minimum changes in coating thickness and surface Al-
concentration for INTA coating also under dynamic 
conditions 

• Weld joints of coated samples and showed very stable 
behaviour (tested up 1000h)

 Coated FM steels have potential to reduce CSP cost, 
next step: demonstration under in-service conditions

20-22 wt.%Al 18-20 wt.%Al

2,000h 4,000h

10,000h

INTA coating cross section during testing at 580°C in solar salt 

Static testing in solar salt at 580°C

Corrosion protection coatings for molten salt
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Mirror coatings tested in RAISELIFE:
• 2 types of 2-layer systems (RLF2, RLF4)
• Lead free (RLF3) 
• Powder lacquer (RLF5)          failure
• Cost effective top coat
• Reference 3-layer system (RLF1)
• 6 types of anti-soiling coatings

• Low-cost 2-layer mirror coatings (RLA3, RLA4) 
suitable for sites of corrosivity C2. Stronger 
degradation than commercial reference in C3 and 
C4

• Cleanliness gain up to 1.5%-p possible by use of 
anti-soiling coatings

• Accelerated lifetime testing will be standardized 
in IEC

Corrosion of powder coated 
mirror in Antofagasta

Erosion of glass surface 
in Zagora

Coatings for solar reflectors
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Thin glass composite heliostat
• 1mm thin glass was used instead of standard 4mm glass 

 increase of ~0.5% solar reflectance

• Composite material is used to improve resistance against 
breakage due to wind loads  prototype withstands winds 
up to 45m/s 

• Lab and field laser scanning analysis showed deformation:
- due to environmental temperature changes
- due to the gravitational force acting on the large panel 
 optical efficiency losses of about 1%

• 40m² instead of current BSII design of 25.6 m²  potential 
cost reduction of 30%

Thin-glass composite heliostat at BSII, 
Israel, erected autumn 2018

Deformation due to temperature 
changes measured in the lab

Measured slope deviation of the 
composite heliostat installed in Israel
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Secondary reflectors

Testing of secondary mirrors in CIEMAT’s solar furnace

• CAPEX savings of $1.50M to $1.83M are 
possible with secondary mirrors, mainly 
due to the reduction of panel height. 
(LCOE reduction of ~1.9%)

• Fraunhofer secondary mirror reached 
ρ=95.5% 

• 46 days tested under real operation 
conditions (380ºC, 350kW/m², 155 hours, 
388 cycles) with a degradation 
to ρ=93.7% 

• ρ stays above 92% for > 2 months @ 
450ºC in muffle furnace test

1st generation

Improved mirror
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Coatings for line focusing receivers

• High transmittance of τ =97.2% 

• Increased abrasion resistance by factor 2.5 
verified in Taber Abrasor test 

• Stable after 1000h of Damp Heat test and 
2000h of Condensation test

• Transmittance stayed between τ =95.1% -
96.1% after 12 months of field testing at 
Soltigua at 180°C, including 2 cleaning 
cycles per month. 

Coated receiver tubes at the ARCHIMEDE SOLAR factory

Anti-reflective coating for evacuated receivers 

• Produced by sol-gel dip coating

• α=95.5%, ε=13% (250°C), substrate: 
stainless steel

• α=95.5%, ε=9.1% (250°C), substrate: 
chromium coated stainless steel

• Coatings stable for >15 months in furnace 
at 400°C without degradation

• Negligible degradation after 14 months of 
field testing at 180°C by Soltigua

• Chromium coated stainless steel substrate 
starts to degrade at 450°C

Testing of CIEMAT coating at SOLTIGUA at 180°C

Non-evacuated receiver coating
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TRL and MRL of RAISELIFE developments

Manufacturing 
implications identified

Manufacturing 
concept

Manufacturing 
proof of concept

Production in lab 
environment

Basic capability 
demonstrated

Process 
optimized

Capability and 
rate confirmed

Full production 
process qualified

Full metrics 
achieved

Technology readiness level TRL
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Receiver coating

Molten salt coating

Mirror coating

LFC receiver coating

LFC AR coating

Secondary mirror
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Exploitation and dissemination of RAISELIFE developments
• 14 published conference papers + 10 papers to be published still

• 13 peer reviewed publications

• 1 doctoral thesis

• 1 patent (protective absorber coating from Dechema)

• Exploitation brochure was uploaded on RAISELIFE website and EERA IP repository
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2nd RAISELIFE Dissemination Workshop 

Industry

RAISELIFE project team

R&D and Universities

Total: 75 participants
23 presentations are available
on the public section of the
RAISELIFE website
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Thank you for your attention! 


