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BSRN RADIOMETRIC STATION

This infrastructure consists of a high-performance meteorological station for measuring
the various components of solar radiation. The main purpose of this infrastructure is to
make CENER a center of reference for solar radiation measurement. A BSRN station
provides the opportunity to participate in the World Climate Research Program (WCRP)
and be associated with worldwide experts in terrestrial radiation measurement
technology. It is considered a Spanish contribution to international meteorology science

community.

Its name is derived from the specifications necessary for joining the Baseline Surface
Radiation Network (BSRN) the international network of meteorological stations and
reference radiation measurements for studying global solar radiation balances on our

planet, sponsored and supervised by the World Meteorology Organization (WMO).

It has sensors, data acquisition and transmission system and all the auxiliary equipment
necessary for measuring the following variables with the continuity, accuracy and quality
required by the BSRN:

Direct solar irradiance on a perpendicular plane in the main direction of incident

solar radiation using a Kipp&Zonen CH1 pyrheliometer.

Global and diffuse solar irradiance on a horizontal plane with two Kipp&Zonen

CMP22 pyranometers.

Infrared radiation from the celestial sphere, with a Kipp&Zonen CGR4

pyrgeometer.

Ambient temperature and relative humidity with a Vaisala HMP-45A sensor.

Barometric pressure, with a Vaisala PTB110 sensor.
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RADIOMETRIC STANDARDS FOR CALIBRATING
PYRANOMETERS AND PYRHELIOMETERS

The CENER Solar Thermal Energy Department Laboratory is the first and only one in
Spain accredited for calibrating field pyranometers and pyrheliometers by
comparison with a reference pyranometer or pyrheliometer, respectively, according
to the international 1ISO 9847 and ISO 9059 standards.

Calibrations are done outdoors, with the pyranometers mounted horizontally, while
the pyrheliometers are attached to a solar tracker. Calibration laboratory is located

at CENER’s BSRN radiometric station in Sarriguren (Navarra).

The reference standards are traceable with the World Radiometric Reference
(WRR) which belongs to the World Radiation Center (PMOD-WRC, Davos,

Switzerland).

The reference standards used to measure the different variables are:
Global radiation with a Kipp&Zonen CMP22 pyranometer.
Diffuse radiation with a Kipp&Zonen CMP22 pyrheliomete.
Direct radiation with a Kipp&Zonen CHP1 pyrheliometer.
Kipp&Zonen Solys 2 Solar tracker.

Campbell CR-5000 Datalogger.
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CALIBRATION SERVICES OF PHOTOVOLTAIC DEVICES

The Photovoltaic Components
Testing Laboratory (LECF) has an
extensive experience in testing
solar photovoltaic devices
according to the International

Standards.

This calibration includes the
determination of the responsitiby
value of these PV devices, in
comparison with irradiance
references based on the Standard
“IEC 60904-4: 2019 - Photovoltaic
devices. Part 4: Reference solar
devices. Procedures for

establishing calibration

traceability”.

CENER methodology for the calibration of PV reference cells consists in the simultaneous
comparison of the short circuit current of the PV cells with the irradiance measured by a

reference sensor, under defined solar radiation conditions.

The measurements are done outdoor, with a solar tracker, in CENER facilities, during days

under sunny conditions.
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PORTABLE RADIOMETRIC STATION

CENER’s portable radiometric station is used for in situ verification and validation of

measurement stations at different sites. This is called station auditing.
This activity consists of:
Checking the station (configuration, installation, maintenance)
Validation of location (horizon line, obstacle analysis)

Validation of the radiation measurements (Comparison with CENER’s portable
station, traceable with the World Radiation Center (PMOD-WRC, Davos,
Switzerland) and the World Radiometric Reference (WRR).

The data processing methodology follows BSRN recommendations and the ISO TR9901

standard on good practices for the use of field pyranometers.

Among the portable radiometric station equipment are the following:
A Kipp&Zonen CMP11 pyranometer for measuring global radiation
A Kipp&Zonen CMP11 pyranometer for measuring the diffuse radiation
A Kipp&Zonen CH1/CHP1 pyrheliometer for measuring direct radiation
Kipp&Zonen Solys 2 Solar tracker
Campbell CR-1000 datalogger
Magellan eXplorist 210 GPS

PCM-20 remote binoculars
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*CENER portable
radiometric station at
Majadas plant of ACCIONA
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INDOOR SOLAR COLLECTOR TESTBED

Accredited laboratory Indoor testbed for performance and durability testing of solar

collectors heating liquid or air according to ISO 9806. The main components of this

facility are:
Continuous solar simulator Motorized test bench.
Temperature and flow device X-Y mechanism.
Air nozzle. Weightless manipulator.
Cold-sky filter. Measurement and control

instrumentation.
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OUTDOOR SOLAR
COLLECTOR
PERFORMANCE
TESTBED

Infrastructure for testing the outdoor
performance and angle modifier of
solar collectors for heating liquid or air
to the international ISO 9806 standard.
The  facility  consists of  two
differentiated testbeds, one for quasi-
dynamic testing, and the other for

steady-state testing.
The facility’s main components are:

Solar tracker (steady-state

method).

Fixed support structure with
controllable inclination and
orientation (Quasi-dynamic

method).
Flow rate and temperature device.
Air nozzle.

Measurement and control

instrumentation.
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Steady-state method with solar tracker

Quasi-dynamic method at fixed support
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OUTDOOR MEDIUM
TEMPERATURE SOLAR
COLLECTOR
PERFORMANCE
TESTBED

Hydraulic thermal loop

Infrastructure for testing the outdoor
performance and angle modifier of solar
collectors for heating liquid up to 200°C
according to ISO 9806 standard under
quasidinamic conditions. The facility’s main

features are:

Temperature range: 15-200 °C.

Dynamic water pressure up to 25 bar.

Collector size up to 25 m2. Concentrating solar collector
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EXPOSURE
TESTBED

Outdoor exposure testbed for

determining solar collector component
degradation according to the ISO 9806
standard. The main components of this

facility are:

9 testbed in Sarriguren.
3 testbed in Seville.

All  of them have controllable
inclination.

TESTBED FOR
ICE BALL IMPACT
RESISTANCE

The main purpose of this infrastructure
is to test the impact on solar collector
covers according to the ISO 9806
standard and impact on mirror facets
used in solar thermal power plants to
determine their resistance to hail

storms.

This testbed is comprised of a

compressor which can propel ice balls
at a speed of 23 m/s simulating

impacts in a hail storm.

12 Infrastructures



E N E R | NATIONAL RENEWABLE
4 ENERGY CENTRE

ADltech

MECHANICAL LOAD
TESTBED

This testbed is made up of a group of
vacuum cups that can create traction
and compression loads simulating

overpressure from wind or snow loads.

The main purpose of this infrastructure
is to perform testing of mechanical
loads on solar collector covers
according to the I1SO 9806 standard.

Solar Energy Technologies and Storage Department

PREFABRICATED SYSTEMS TESTBED

This consists of four testbeds for characterizing the performance and durability of

prefabricated solar systems according to the European EN 12976-2 standard.

Each testbed consists mainly of the following equipment. Pyranometers, temperature

sensors, flow meter, anemometer, air nozzles, hydraulic installation, data acquisition

system, temperature and flow devices.

Infrastructures
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SOLAR STORAGE TESTBED

Testbed for characterizing the performance of solar water heater tanks according to
the European EN 12977-3 and EN 12977-4 standards.

The testbed consists mainly of the following equipment:
Flow meter
Temperature sensors
Data acquisition system

Hydraulic installation
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TESTBED FOR THERMAL CHARACTERIZING OF SOLAR
RECEIVERS IN PARABOLIC-TROUGH COLLECTORS

The main capabilities of CENER’s parabolic-trough collector (PTC) solar receiver tube

thermal characterization testbed are the following:

Determining the thermal characterization of receiver tubes. This consists of
calculating the characteristic thermal loss curve per unit of length of a PTC
receiver tube at different temperatures from 100 to 500°C. The testbed is made
up of two heating elements which enable the interior of the PTC receiver tube to
be heated by radiation to generate temperature ranges similar to those under
operating conditions. The electrical power supplied to the group of elements
inside the PTC receiver tube is measured when the temperature of the absorber
tube has reached steady- state, and is therefore equivalent to thermal loss in the
PTC receiver tube at operating temperature. Receiver tube emittance is
determined based on the thermal loss measured at the selected operating

temperature.
Accelerated aging test of absorber tubes subjected to high temperatures.

Temperature uniformity survey in PTC receiver tubes using an infrared camera

to measure temperatures through the glass PTC tube cover.
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Testbed for
thermal
characterizing
of solar
receivers in
parabolic-
trough
collectors

Testbed for
optical
characterization
of solar receivers
in parabolic-
trough collectors
(S-Tube)
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OPTICAL CHARACTERIZATION TESTBED FOR SOLAR
RECEIVERS IN PARABOLIC-TROUGH COLLECTORS

Optical characterization with the S-tube testbed consists of taking spectral measurement of
the transmittance 7 of the outer glass cover and the reflectivity p of the metal absorber tube in
10 positions along the PTC receiver tube in order to analyze the uniformity of optical

properties of receiver tubes tested at ambient temperature.

The solar S-tube receiver optical characterization testbed determines the optical properties of
a PTC receiver tube by non-destructive testing. The testbed can make simultaneous spectral
measurements of specular transmittance (7) and reflectance (p) in a range wavelength range
(4) of 300 nm to 2500 nm in measurement stages of up to 44 = 10 nm. Finally, the solar

absorbance (¢,) and solar transmittance (t,) are calculated by integrating over the spectral

distribution of the direct solar radiation to air mass AM1.5.
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TESTBED FOR OVERHEATING AND THERMAL CYCLING
TESTS OF SOLAR RECEIVERS IN PARABOLIC-TROUGH
COLLECTORS

The overheating test consists in submitting the receiver to a temperature of 100 K
over the maximum operating temperature of the absorber for duration of 1.000 hours.
The thermal cycling test consists in cyclically changing the absorber temperature of
the receiver tube test over 100 cycles from 200 °C to 100 K over the maximum

operating temperature of the absorber.

The new overheating and thermal cycling testbed at CENER has capacity for testing 6

tubes at the same time.

Testbed for overheating and thermal cycling of solar receivers in parabolic-trough
collectors
(S-Tube)
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TESTBED FOR BELLOW FATIGUE TESTING OF SOLAR
RECEIVERS IN PARABOLIC-TROUGH COLLECTORS

The bellow fatigue test consists of exposing the bellows of the tube to 20.000 cycles
of expansion and compression. The absorber tube is first heated to a temperature that
allows half of the expansion of the tube (around 200°C), then the glass tube is subject
to push-pull cycles on both sides of the receiver until reaching the maximum stroke of
the glass-steel union bellows. The heat losses are repeated after this test to check if

the receiver tube has been degraded.

Testbed for below fatigue testing of solar receivers in parabolic-trough collectors
(S-Tube)
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SOLAR COMPONENT AGING
TEST CHAMBERS

CENER has a series of climatic chambers for solar thermal components and PV

components durability testing according different international standards.

Climatic Chambers
° Volume: 6 m3.2mx1,3mx 2,3m (H x Lx W)

° Range:
- Temperature - -402C to 1802C
- Humidity = 10 to 95%HR

° Test Capabilities:
- Thermal Cycling Test according IEC61215 and IEC
62817
- Humidity-Freeze according IEC61215 and IEC 62817
- Damp heat test according IEC61215 and IEC 62817
- PID Test & LeTID for PV modules.

UV Radiation Chamber:

° Test plane: 6,25 m2.2,5m x 2,5m (H x W)
° Range: Temperature = 159C to 702C

° With temperature controls

° Exchanged lamps: Two different doses.

° Test Capabilities:
- UV radiation exposure test according to:
o IS0 62720-2 for solar thermal components
o IEC61215 for PV modules
o  IEC 62817 for Electronic Component Control of
trackers
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SOLAR COMPONENT AGING

TEST CHAMBERS

Solar Energy Technologies and Storage Department

CENER has a series of climatic chambers for solar thermal components and PV

components durability testing according different international standards.

Salt Mist Corrosion Chamber

Volume: 2,5m3.2,Imx1mx 2,5 (Hx Lx W)

Range: Temperature = 259C to 502C

Test Capabilities:

Corrosion tests in artificial atmospheres. Salt spray tests
according to I1ISO 9227 standard

Environmental Testing. Part 2. Test K,: Salt mist
according IEC 60068-2-11

Environmental Chamber

21
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Volume: 9 m3.3mx2mx 1,5m (H xLx W)

Range:

Radiation = 500 to 1200 W/m?
Temperature = -452C to 1002C
Humidity = 10 to 95%HR

Steady-state sun simulator included

Class: BBB

Test Plane: 2,4mx 1,5m

Test Capabilities:

Ad-hoc tests with combination of temperature,
humidity and radiation.

Thermal Cycling Test according IEC61215 and IEC 62817
Humidity-Freeze according IEC61215 and IEC 62817
Damp heat test according IEC61215 and IEC 62817

PID Test & LeTID
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GEOMETRIC CHARACTERIZATION SYSTEM BY
PHOTOGRAMMETRY

Geometric characterization determines how much energy will reach the solar
receiver tube as a function of the reconstructed shape of the collector surfaces
(considering mirror quality) and comparing it to the amount of energy that would

arrive at an ideal solar receiver tube under similar circumstances.

In heliostats, geometric characterization can be done taking different heliostat
positions and wind conditions into account to analyze the errors caused by gravity

and wind loads.

PTC modules and heliostats are characterized to accurately determine the real
geometry of the mirror shape. The infrastructure available can easily be moved to
the desired location, making it highly flexible. The technique uses a high-resolution

camera, coded targets and a specific software for post-processing specialized in

analyzing the data acquired.

“TER™

Photogrammetry technique !’hotogr.ammetry technique
in a parabolic trough in a heliostat
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RECEIVER TUBE INSPECTION DEVICE (ITR)

The receiver tube inspection system (ITR) measures the receiver tube glass surface
temperature using a thermographic camera. The vehicle moves in parallel to the
direction of the loop at a maximum distance of 4.5 m and at about 15-20 km/h, so
the receiver tube is centered in the image. CENER has developed software for
calculating the temperature of each glass tube from videos of the IR thermography
images. Depending on the temperature measured, the software classifies the tubes

in three different states corresponding to three colors: green (acceptable), orange

(regular) and red (unacceptable).

87

*CENER DRON ITR system at ManchaSol plant of SAETA

P
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THERMAL SHOCK TESTBED
FOR SOLAR MATERIALS

The testbed is comprised of:
Fresnel lens with metal frame.
Solar tracker to keep the lens in normal incidence
Linear axis system for sample exposure cycles
Thermocouples, pyrheliometer and data acquisition system

The Fresnel lens subjects material samples to high temperatures and high solar

radiation fluxes. With this system the number of cycles and exposure time can be
automated

Thermal shock with a Fresnel lens
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HIGH CONCENTRATION TEST BENCH FOR OPEN
VOLUMETRIC AIR RECEIVER SAMPLES

The high concentration test is carried out on an air loop. The bench is composed of
the sample or prototype receiver, the sample holder, the isolation system, an air-
water exchanger, the air flow meter, the fan to generate the air flow, a Xenon bulb
and the elliptical concentrator. The test bench concentrates the radiation on the front
face of the receiver. The fan draws the ambient air through the receiver, increasing
its temperature. The hot air circulates through the air-water exchanger and cools
down to protect the flowmeter and the suction system. This also makes it possible to
accurately measure the power absorbed in the receiver in the air-water energy
exchange. Air and water temperatures are measured in several points of the whole air

loop and allow us to estimate thermal performance of receiver prototypes.

High concentration test bench for open volumetric solar receiver samples at
laboratory scale
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SPECTRORADIOMETER UV/VIS/NIR

UV/VIS/NIR spectrophotometry is a technique that uses electromagnetic radiation
from the visible, ultraviolet, and near-infrared regions of the solar spectrum. This
technique allows analyzing materials to observe optical properties such as absorption
or reflection. The instrument UV/VIS/NIR spectroradiometer, brand name Perkin
Elmer model Lambda 1050 can measure spectral transmittance of glass samples,
spectral reflectance of mirrors or absorber, in the spectral range of 280 to 2500 nm.
From those measurements the solar transmittance, solar reflectance or solar

absorptance are calculated.

Perkin Elmer Lambda 1050
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SPECTRORADIOMETER FTIR R - —=

Fourier-transform infrared spectroscopy (FTIR) is a —
technique used to obtain an infrared spectrum of ’
absorption or emission of a solid, liquid or gas. The
instrument FTIR, brand name Perkin Elmer model
spectrum 3, can measure spectral spectral
reflectance in the spectral range of 2000 to 20000
nm. From those measurements the thermal emittance

at different temperature is calculated.

GAS CHROMATOGRAPH

The analysis developed by CENER focuses on measuring the purity of the heat
transfer fluid (HTF), consisting of diphenyl and biphenyl oxide, and trace analysis of
their thermal decomposition.

The test is performed using gas chromatography combined with mass spectrometry
(GS-MS) to identify compounds and a flame ionization detector (FID) for their

quantification.
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CEFV: PV EXPERIMENTAL FIELD

CENER has an area bigger than 600 m? for outdoor testing PV components (PV
modules, trackers, inverters etc.). Located in Imarcoain, 15 minutes away from

CENER, this facility is well equipped with the following structures:
Fix structures with variable slope

2 East-West 1 axis PV Tracker with 2 portrait or 4 landscape PV modules

configuration

2 East-West 1 axis PV Tracker with 1 portrait or 2 landscape PV modules

configuration

Meteorological station with measurement of wind speed, wind direction,

horizontal global radiation, ambient temperature, albedo radiation.

This facility allows the measurement of the individual parameters of the PV modules
(Imp, Vmp, Pmax, Temperature). Each structure (trakckers and fix structures) have

their own radiation sensor.

Also, in this area, different types of trackers tests can be performed according IEC
62817:2014.
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CEFV: PV EXPERIMENTAL FIELD

General View of the installation

Fixed Structures

si¥vi LI fienas i

1-axe tracker - 1 portrait configuration
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SOILING/CLEANING BENCH TEST

This bench allows to simulate, in a accelerated way, the soling process in real size
samples (usually PV modules or mirrors) in order to validate different types of
cleaning systems with the aim of checking if this cleaning system may cause any

damage in the samples.
Main Features:
Soiling Automatic System
Testing area: 10 m2
Any type of dust (with pretreatment)

Water spraying
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SOILING/CLEANING BENCH TEST
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PULSED SUN SIMULTOR

Desktop equipment for measurement of electrical parameters of PV modules

according internationals standards: IEC 61215, IEC 60904-1:
I-V curve at STC (Standard Test Conditions: 25°C, 1000W/mz2)
Isc, Voc and Pmax Temperature Coefficients
Irradiance - Temperature Matrix

Main Features:

Test area: 2,4m x 1,4m Lamp Type: Halogens + Led
Pulse: 200 ms Class: AAA+
Spectrum: Variable Thermal chamber
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DEPOSITION TECHNIQUES

This infrastructure consists of several techniques which allow the deposition of thin films,
including:
Sputtering: magnetrons in RF and DC; allows the deposition of thin films of

metallic and insulator materials; sample sizes up to 150 mm x 150 mm.

Thermal evaporator electron beam and spin coating; these three deposition
techniques are inside a glove box, to handle materials sensitive to moisture;

sample sizes up to 150 mm x 150 mm.

Spin coating: allows the deposition of materials in liquid phase; sample sizes up
to 200 mm x 200 mm.

PECVD: Plasma Enhanced Chemical Vapour Deposition; used for the deposition of
thin films of materials from precursor gases, containing the elements from which

the desired film is formed by the action of a plasma.
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DEPOSITION TECHNIQUES

Glove box with spin coater, thermal and e-beam evaporators Spin coater

Sputtering PECVD
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NANO, MICRO-STRUCTURING EQUIPMENT

This infrastructure consists of several techniques which allow nano and micro
structuring, of different surfaces (maximum sizes of 150 mm x 150 mm, such as glass

and silicon.
This infrastructure includes equipment for photolithography and etching:

Spin coater: for the deposition of photoresist, adherence promoter, anti-

reflective film...

Hot plate: performs the different thermal o annealing processes
UV light source: for the irradiation of the photoresist;
Developer; for the development of the irradiated photoresist;

RIE (Reactive lon Etch): for the etching of the non protected material;

This infrastructure also includes a processing laser which allows performing ablation

and thermal processes:

Pulsed nanosecond laser emitting in the infrared (1060 nm) and in the visible

(532 nm); sample sizes: 150 mm x 150 mm.
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NANO AND MICRO-STRUCTURING EQUIPMENT

Spin coater, developer and hot plate: UV light:

RIE (Reactive lon Etch): Processing laser:
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CHARACTERIZATION EQUIPMENT

This infrastructure consists of several techniques which allow the topological,

electrical and optical characterization of materials and films, including:

AFM  (Atomic Force Microscope): for the topological and electrical
characterization of surfaces. Allows the measurement of roughness at nano

scale. Sample size: about 30 mm.

SEM-EDX (Scanning Electron Microscope with Energy Dispersive X-Ray): acquires
high resolution images (up to 500,000 magnification), both at nano and micro
scale, of the topography of samples. Can also be used to analyze the composition
of elements in a semi-quantitative manner, identifying the elements present in

the sample.

Mechanical profilometer: measures the surface roughness from tens of nm up to

microns, offering the possibility of measuring 3D surface maps.

Four probe technique: measures the electrical sheet resistance of thin films;

sample size: 150 mm x 150 mm.
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Atomic force microscope: Scanning Electron Microscope:
| mi
Wy

Mechanical profilometer: Four point measurement set-up
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On-going new design

HTF DEGRADATION

On-line HTF degradation monitoring iﬁ PT CSP plants.

Optical fiber sensor based on Gases Fluorescence Measurement.
High sensitivity to HTF degradation.

Good and accurate correlation to traditional chemical analysis.

HTF characterization in the laboratory allows to establish a correlation

between thermal oil degradation, fluorescence and H2 generation.

A specific sampling system has been designed to quantify volatile
compounds present in the hot fluid. The sampling system enables in-plant

optical sensor calibration through periodic sampling.

Patented sensor (P201200359).

Optical sensor and extraction samples device. SAMCA solar thermal plant
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On-going new design

HELIOSTAT TESTING FACILITIES AT TUDELA

The testing consists of the performance evaluation of a single heliostat to measure
and derive heliostat performance indicators. It mainly includes the evaluation of the
beam quality of the concentrator, measuring the real shape and the deviation from
the theoretical surface, and the accuracy and behavior of the two-axis tracking
system. The evaluation is done using a combination of several techniques: the target-
camera method, a new system developed by CENER (HelioscharPlus) and

photogrammetry, depending on the heliostat and the testing distance.

ree— .\
R s

Heliostat testing facilities at Tudela. Camera - target method on the left.
HelioscharPlus system on the right.
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On-going new design

HIGH TEMPERATURE (~600°C) SMALL-SCALE (5 kWth) AIR
TEST LOOP AT SARRIGUREN

The equipment consists in a 5 kW air heater and auxiliary elements (blower, piping,
valves and dampers) to allow the charge and discharge of small Thermal Energy
Storage (TES) devices typically integrating granular packed bed fillings. Measurement
and Control equipment (Flow Control, Type K Thermocouples) allows the performance

evaluation and data acquisition of the real behavior of advanced Thermal Energy

Storage concepts.

Thermal Energy Storage Loop and Small Scale 0.5kWh storage insulated vertical
cylinder with top and bottom thermocouples
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On-going new design

TESTBED FOR HYDROGEN PERMEATION TESTING OF
SOLAR RECEIVERS IN PARABOLIC-TROUGH COLLECTORS

The Hydrogen permeation test consists of exposing the tube to a Nitrogen and

Hydrogen mixture of known composition under conditions of pressure and temperature
near working conditions. Thermal losses are measured before and after this test in
order to characterize the effect of Hydrogen permeation in receiver thermal losses.
The hydrogen permeated through the tube is known from the measurement of the gas

composition inside the tube at the end of the test.

Hydrogen joint
Temperature control
Thermalisolation

Pressure gauge

Pressure
gauge

OLIVA D VIDRIO METAL
EVACUACION l:mvi D€ VIORIO
A

Discharge
valve

LP
regulator

Electric heaters

HP regulator.
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On-going new design

MOSAIC : MODULAR PLANT BASED ON FIXED SOLAR FIELD
WITH FRESNEL SPHERICAL CONCENTRATION

Main subsystems:

Solar field: Reflectors and supporting structures

Thermal loop: Mobile receiver and required hoses conducting the heat transfer
fluid

Tracking system: Tracking cables, supporting towers and control system
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