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Performance measurements — why?

« “Only when you know what you have, you can improve it.”

« DMAIC-cycle (Define — Measure — Analyze — Improve — Control)

For example: New collector prototype with
higher optical efficiency
 Define design, efficiency and build first unit

Measure performance parameters
Measurement

Technologies

Analyze the measurement results ]

Improve the design
Control by remeasuring it <:I



Sensor calibrations — why?

Practical problems remain in metrology, e.g.

* not properly working sensors,

+ lack of specific calibration data banks.
In CSP technology metrology, we have the additional challenges, e.g.

+ Cloud transients and thermal inertia during on-sun tests
 Large extension of mirror surfaces
« Outdoor measurements

« Rough temperature and pressure conditions

This increases uncertainties and makes accurate testing and characterization of prototypes a
difficult task

- This JRA increases the sector’'s capabilities to overcome these problems.




Metrology Topics in SFERA-III
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Sensors
(Lab/Field)

Eliminate practical
problems related
with sensors and
laboratory test
benches

Metrology Topics in SFERA-III
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* Heliostat aiming




@ Reflectometer on soiled mirrors

Challenge: Specially on soiled reflective surfaces,
the readings of different reflectometers
systematically deviate due to different acceptance
angles.

Different acceptance angles Different wavelengths

Transfer
Reading to




@ Reflectometer on soiled mirrors

Outcome:

Scientific understanding of the different reflectometer
readings for different instruments on soiled mirrors
(varying acceptance angles and wavelengths).

Models for spectrally resolved reflectance were
developed.

An international intercomparison campaign was
performed.

Techniques to decrease uncertainty of reflectance
readings were developed .

The calibration routines were improved by using newly
designed calibration coupons
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@ Reflectometer on soiled mirrors

 Transfer functions to homogenize readings of
different instruments were developed.

« Research on new contactless measurement
techniques was conducted.

« A world-wide international cooperation led to a first-
version SolarPACES Guideline (Task Ill) for reflectance
measurements on soiled mirrors.
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© Load cells on REPASs

Challenge:

* Flexible interconnections between collectors
(REPAs) are sensible to external forces and
moments.

» REPA testing needs an accurate knowledge of
these forces and moments, measured by load
cells.

* Load cells have to be calibrated and monitored
and their uncertainty must be decreased under
harsh ambient and temperature conditions.

REPA = Rotary Expansion Performing Assemblies
for Solar Parabolic Trough Plants (Ball joints, flex hoses)



CIEMAT- DLR test rig for REPA tests on PSA
== , e —

© Load cells on REPAs

Outcome:
REPA test rig:

« Forces and moments on REPAs in the REPA test
bench during a 10,000-cycle aging testing
simulating field operation conditions have been
measured and load cells monitored.

« Condition monitoring of flexible pipe connectors
(REPA) through vibration analysis.

DLR calibration adapter for load cells
(dynamometer)
on REPA test rig




© Load cells on REPASs

Outcome:

In-Field:

« Forces and moments on an in-field collector
was measured.

« A calibration device and routine was developed
for not mounted load cells (patent).

« A monitoring routine was developed to check
mounted load cells.
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Mounted load cells on URSSA-trough at PSA



© Round robin heat loss
parabolic trough receiver

Problem:

« Comparability of heat loss measurements on
parabolic trough receivers of different laboratories
was not satisfactory.

« STAGE-STE PTR heat loss Round Robin test(2015):
Typical standard deviation of 7%..10%

« Heat losses in the solar field are between 7% and 10%

Parabolic Trough Receiver
being prepared with a
heater in a heat loss test rig




Receiver RI: stable

2nd measurement —s
reference lab

© Round robin heat loss | S
parabolic trough receiver | o

Outcome:

« A new measurement protocol, which modifies
the IEC TS 62862-3-3:2020 for better
accordance between laboratories was defined:

- Specifications for heater geometry ' 350Tabs . degc&;"
« Change in definition of absorber temperature
« Clarification of steady state criteria

« Around robin test with 3 receivers including 2nd measurement —s
ENEA, CIEMAT, DLR, and CENER (as externall - reference lab
partner) was defined. \

Ist measu

+ The agreement between PTR heat loss < 2000} reference,
measurements at laboratories was improved:
from STD 7% to 10% (STAGE-STE 2015/16)
to STD 3% to 5% (SFERA-III 2023)

Round robin results. Heat 300 350 400 450 500 550
Loss over Temperature Taps in degC

Receiver R2: not totally stable




© sSkyimager/ Nowcasting

Challenge:
« Testing hours of solar facilities at research
infrastructures are limited and solar energy is

inherently intermittent.
« Increase testing hours by intelligent operation of

a test facility also under variations of solar
radiation using a skyimager to provide accurate

intrahour DNI forecasts.

Overcast situation Mixed situation

Clear-skyI situation
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Different overcast situations as need by
the skyimager and DNI sensors.




© sSkyimager/ Nowcasting

Outcome:

A hybrid forecasting model for real-time usage
based on high-quality, HDR images of a

skyimager and DNI meadsurements was
developed.

A real-time DNI forecasting was implemented in
Odeillo, providing critical information to
infrastructure users.

A model predictive control of a solar reactor
using very short-term forecasts of 30 to 150
seconds was demonstrated with superior
performance compared to classic control (see
WP8.3), increasing testing hours of the facility.
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© Round robin shape
trough mirror panel

Problem:

« Comparability of shape measurements on
parabolic trough mirror panels of different
laboratories was not satisfactory.

« Non-ideal shape causes ray to not hit receiver.

Parabolic TrougRis ===
Mirror Panel '

Parabolic Trough Mirror Panel being
prepared for the round robin
deflectometric measurement of DLR




© Round robin shape
trough mirror panel

Outcome:

- The service of optical characterization of
parabolic trough panels was improved.

« A new shape measurement device
(VISpro/ENEA) was developed, commissioned,
validated and compared to the existing devices
of other partners.

Rioglass extarior #400- rim at vertax side Rioglass exterior #100 - right curved rim
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Validation of the VISproPT (ENEA) results with

an independent technique using a
photograph

Developed ENEA test bench VISproPT




© Round robin shape
trough mirrOr pO nel Preliminary results SDx

DLR RoundRobin: SD!I. RMS: 2.62 mrad, mean: 0 mrad
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Future investigations

Control Define
* Metrology for test infrastructures and
development of better techniques are
ongoing processes.
, s : Improve Measure
« Continued possibilities of round-robin tests P
between laboratories are needed to maintain
and increase quality.
) Analyze
« Continued further development of y
measurement methods, using Al and new
image processing techniques is needed.
 Further standardization of techniques “The DMAIC-cycle (Define — Measure -
between measurement laboratories via Al Ileer=Ceiie) STetle) Wl

stop. It is a continuous process.”

SolarPACES guidelines and standardization
activities (e.g. IEC) is necessary.




Future investigations

Examples:

Further develop guideline 'Recommendation for
reflectance measurements on soiled mirrors*.

Further develop guideline “Heliostat
performance testing and heliostat field testing*.

Further cooperation and harmonization in
evaluation and result presentation

« E.g.in heliostat beam characterization
systems, slope deviation measurement
systems, etc.

Further develop measuring the REPA behavior in
the solar field and on the test rig.

Fast and accurate 3D irradiance mapping in
solar receivers/reactor.

Development of open data bases for model
testing and validation.

Control Define

Improve Measure
Analyze

“The DMAIC-cycle (Define — Measure —
Analyze — Improve — Control) should never
stop. It is a continuous process.”
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