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Executive Summary

The availability of experimental services for qualification of key components in concentrating solar
thermal technologies have contributed to the reliability, promotion and market entry of Solar Thermal
Electricity (STE) plants by facilitating the knowledge and improvement of performances of
components and subsystems and to the risk mitigation by allowing the operation of prototypes (of
STE components) under realistic conditions.

The necessary evolution of technology to better efficiencies and implementation of innovations
will require the maintenance of experimental facilities and services currently available and the
development of new services and capabilities to accompany the improvements required to advance
the learning curve of STE technologies.

The EU-SOLARIS project addresses the challenges in STE technologies by a pan-European
work team through a major upgrade of existing facilities in Europe and development of new ones.
The initiative focuses on the high-level target of establishing a strong and distributed infrastructure to
further assist the Solar Thermal Electricity (STE) deployment.

This Deliverable Report summarizes the actual portfolio (aimed as a complete list) of services
that EU-SOLARIS R+D Partners can offer at present.

The result, after an iterative process of identification and definition (in which they have
participated actively thirteen of the fifteen members) is an availability of about 150 services related to
the applications of solar concentrating technologies.
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1 Introduction

The physical principle of concentrated solar energy consists of tracking the sun by shaped
reflectors (parabolic troughs, heliostats, parabolic dishes or linear Fresnel mirrors) that concentrate
the sunb6s rays into a | ireceieer» (& reactar, ipsoinendases). dleus cal |
concentrated flux may be either: i) partially absorbed in a receiver, transferred to a working fluid and
further converted into electricity by more or less conventional power cycles for Solar Thermal
Electricity (STE), ii) or partially converted into solar fuels inside specific chemical reactors, ii) or used
as a heat source for material testing under extreme conditions.

The relevant disciplines concerned in the process are: optics, thermodynamics, materials
science, heat transfer and storage, thermo-chemistry, automatic control, industrial design, process
optimization, photo-catalysis, electronics, etc.

New scientific and technological developments require the experimental demonstration of the
suitability, durability, reproducibility, efficiency and competitiveness of these concepts, as they are
intended to be deployed on a large scale. The EU-SOLARIS facilities contribute to fill the gap from
the theory or the lab scale test to a demonstration plant of almost commercial size.

The portfolio of services that can be offered with current facilities as EU-Solaris includes the
possibilities of exploitation of both experimental capabilities and human capabilities (both described
in MS15).

The main part of available services as EU-Solaris is of experimental character (such as system
and components characterization, evaluation of material degradation mechanism, etc.) although
some of them could be associated with technical studies (such as analysis of cost / benefit of
competing products, calculation of annual benefits based on the characteristics of the sub-
components, etc.) and with human capacity building (as access to facilities for researchers, training
courses, etc.).

1.1 Definitions

To properly classify and define the present portfolio of services the following definitions have
been adopted:

fi Ser vi shallsmean any technical assistance of experimental, analytical nature or
combination thereof, related to Concentrating Solar Thermal CST and Solar Chemistry
technologies and provided to a third party on a price-per-job and capability use basis. The
training and access to the facilities may also be included in the service portfolio.

fiAvailable Serviceso: shall mean the services that members are currently offering to external
entities (e.g. Industrial Sector, R&D Centers, Universities, etc...).
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flAvailable Services as EU-SOLARISo: Portion of the Available Services that are offered under
the (EU-SOLARIS) umbrella, (EU-SOLARIS area includes all the project partners, defined in
(http://eusolaris.eu/About/Partners.aspx).

iTechnical and As &l yn gneaxnd any service in relation to physical, chemical,
biological or any other scientific testing or analysis.

fiCapacityd Associated to a Service: Shall mean the infrastructures (Facilities, Equipment,
Specific Software Codes, etc.) and human resources required to perform the service.

fiDeliverabled from a Service: Refers to the tangible or deliverable products of the service. The
deliverable(s) shall be clearly defined since its production or realization constitutes the main
objective of the service.

fiMethodo associated to a Service: Shall mean the methodology, standard procedure, etc. that
is followed to achieve the goals defined in the service.

1.2 Data Sources

This milestone (MS17) is strongly connected to the rest of the WP-3 (EU-SOLARIS Capacity
Building & Services) deliverables, so that this report has reviewed the available versions of the
previous milestones (MS15 & MS16) and is structured with intention to facilitate the elaboration of
the following milestones (MS18 and MS19). The sequence of milestones within WP3 is the following:

I MS15 - Status report on existing capacities, technological and human resources
(M12)

I MS16 - Report containing the portfolio of existing available technical services of
partner centres (M12)

1 MS17- Report containing the portfolio of available technical services as EU-
SOLARIS (M18)

1 MS18 - Report on recommendation plan for development and upgrade,
complementarities & synergies (M25)

1 MS19 - Report on the viabilty oft he new services to be offer
demands. (M30).

It might be noticed that the main difference between MS16 and MS17 is the consideration as
i E-BOLARISser vicedo which is required to become part of
MS16, in which all the available services of the partners should be mentioned.

This distinction requires a statement about how the pertinence of a partner service to the EU-
SOLARIS list is declared or defined. This distinction will be defined/clarified later in the project.

Following discussions with the coordinator, the project office and taking into account a suggestion
from Weizmann (of clustering both milestones) it has been agreed that, at this stage of the project,
the most appropriate approach is to develop a unique portfolio of services (MS16 & MS17) that leave
open the option of being defined as EU-SOLARIS in later phases of the project.
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PSA has collected information to build this portfolio in two steps: 1) by reviewing the published
information in literature and web pages about serviceso f f er by tfaciitiesptheravailable
versions of MS15 and MS16 and some answers to the questionnaire launched by PROMES in
relationship to MS16; 2) by taking information directly from the Partners (by requesting the review of
the draft list elaborated after the previous step). This step has been addressed with the understanding
that several iterations are required to complete the list and refine the definitions of the available
services.

The description of services is proposed in the form of tables (one for each), aimed for a brief
but sufficient definition, allowing to identify the target and the approach of each available service.
Each table compiles the answer to the following questions:

1. What is the Service Name?

2. Which partner has this service available?

3. What is the approach or method on which it is based?

4. What is the deliverable product resulting from such a service?

Furthermore, it has been considered useful to identify the capacities or equipment associated
with the service (although there is another catalog that specifically addresses the inventory of
capabilities, MS15), so it is also asked:

5. What capacities, test beds or equipment are associated with the service?

6. Finally, is the service available as EU-SOLARIS?

1.3 Services types

A variety of service classification could be adopted to build a portfolio of ones available at EU-
Solaris partners. Among the typical classifications that have been considered are the following:

1. By the Application of (solar) Concentration (e.g. by distinguishing: Solar Thermal
Electricity; Solar Chemistry; Solar Fuels; Other Applications of (solar) Concentration ;
Crossover applications). Facilities providing services related with Solar Thermal
Electricity use as well qualification services for other applications of Solar Concentration
such as Solar Chemistry, Solar Fuels, Materials Properties Characterization, Calibration
of Sensors for High Solar Fluxes or High Temperature Measurements, etc. Thus, this
classification of available services by application may distinguish among:

91 Solar Thermal Electricity applications. This class includes most of the experimental
services on materials, components, systems and subsystems used or usable in STE
technologies as well as several of the non-experimental services (such as technical
studies, etc.).

1 Solar Chemistry applications, such as: Solar water detoxification and disinfection;
Solar air detoxification and disinfection or Solar seawater and saltwater desalination;

91 Solar Fuels production (usually hydrogen) by thermochemical reactions;
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1 Other Applications of (solar) Concentration, as sudden thermal shock simulation,
sintering of surfaces, etc.;

1 Crossover applications such as high flux and high temperature sensors calibrations,
etc.

Commercially the most widespread and the main application for the purposes of the
EU-SOLARIS project is Solar Thermal Electricity production.

2. By the type of Service (e.g. by distinguishing: Technical Studies & Training i such as
Cooperative Research and Development Agreements; Projects and Technology
Assessment; Training on facilities; Access to facilities; and Experimental services i which
would include all the other services -apart from technical studies and training-)

3. By the Concentrating technology system and subsystem types, by distinguishing
services for: Parabolic Trough Collector, Receiver; Thermal Heat Storage; or Other
Components); Central Receivers on Tower (Receivers/Absorbers; Heliostats & Solar
Fields; Heat Storage; Other Components and elements); Parabolic Dishes
(Concentrator; Engine / Receiver; Other); Linear Fresnel (LF) Collectors (LF Collector;
LF Receiver;, LF Heat Storage; Other); Solar Furnace (Concentrator; Reactors;
Receivers; Test Benches; other)

4. By the type of process qualification/Characterization service: (e.g. by distinguishing:
Optical; Thermal / Thermo dynamical; Heat transfer and storage; Material science -
Including durability assessment-; Automatic control; Thermo-chemistry; Industrial
design; Process optimization; Photo-catalysis; Electronics; Solar and Meteorological
Resource; etc.).

5. By thetype of Equipment (Capability/ Test bench/ etc.) required for the service: (e.g.
by distinguishing: Chemistry and Crystallography Equipment; Meteorological Monitoring;
Optical properties characterization; Radiometers Calibration; Infrared
sensors/equipment calibration; Solar Simulator; Solar Furnace; Parabolic Dish test
Benches; Parabolic Trough Test Benches; Central Receiver on Tower Test Benches).

6. By the test conditions for the service: by distinguishing between stationary and
dynamic conditions and by indoor and outdoor.

7. Finally, the services could be classified distinguishing, as first criteria, the Center/facility
providing the service: CTAER, PSA, MINECO, Cyl, ESTELA, PROMES-CNRS, DLR,
APTL, CRES, ENEA, WEIZMANN, LNEG, U.EVORA, GUNAM, SELCUK U.

Realizing on the diversity of points of view for classifying the services, it has been tried to take
into account most of the characteristic defining each type (according to the above classifications) but
trying to organize the portfolio in a way as simple as possible.

With the intention of seeking simplicity while trying to not ignore any of the available services a
classification has been adopted that firstly focuses on Solar Thermal Electricity applications and,
secondly, on other applications of Solar Concentration (such as solar fuels, solar chemistry, material
testing or on horizontal services, such as sensor calibration, etc.).
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Upon this priority on the STE services, the proposed classification of services (within this portfolio)
follows approximately the sequence of key steps in the energy transfer through solar concentrating
systems from the Solar (and Meteorological) Resource to the Electricity Production (see Figure 1).

‘------~

1) Solar & 11) Horizontal

Measurement &
Calibration Services

Meteorological Al

Resource

Concentrators

3) Absorbers &
Receivers

12) Specific Services
of Solar Chemistry

13) Specific Services
of Solar Fuels

4) Heat
Transfer Fluids

5) Pumps,
valves & filters

\------------’

6) Heat 14) Material’s

Testing &
Qualification

Storage (media
& system)

7) Heat

Exchangers 15) Access to

Facilities and
Training
8) Power Block

16) Other Services
Associated to Solar
Concentration
Technologies

10) Performance

of the Whole 9) Heat

Plant Rejection

’------------\

[ ———
Figure 1. Classification of available services proposed in this report.

This classification results in a total of 16 types of services covering the different key subsystems
of STE, the other applications of Solar Concentration and the associated horizontal activities.
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2 Portfolio of Available Services

Facilities providing services related with Solar Thermal Electricity also provide qualification
services for other applications of Solar Concentration such as Solar Chemistry or Solar Fuels and
Materials Testing, Sensor Calibration for High Solar Fluxes or High Temperature Measurements, etc.

Commercially the most widespread and the main application for the purposes of the EU-
SOLARIS project is Solar Thermal Electricity production. This class includes most of the experimental
services on materials, components, systems and subsystems used or usable in STE technologies as
well as most of the non-experimental services above mentioned.

The range of available services (among the project partners) spans from the use of large
experimental facilities (as those from WEIZZMANN, CNRS-THEMIS, CTAER and CIEMAT-PSA) that
allow tests of prototypes or very near actual size, to the use of solar furnaces (highlighting the facilities
in CNRS-PROMES , CIEMAT-PSA and DLR, é) a n d that allbva testing indoarl at or s
conditions (at DLR, CIEMAT-PSA, é ) with high solar concentrations and temperatures, the use of
laboratory characterization and qualification of materials (CNRS-PROMES, Cyl, APTL-CERTH,
LNEG, CIEMAT-PSA, DLR, é ) to use specific software tools and expertise for modeling and
evaluation of components and systems of these solar concentrating technologies (e.g. UEVORA,
ENEA, etc.).

Avalil. services on: STE Solar Solar Other Applications Access &
/Partner Chemistry Fuels (Materials testing, Training
Calibrations..)
APTLCERTF X X X X
CIEMATPSA X X X X X
CNRSPROMES X X X X X
CRES X X
CTAEF X X
Cyl X X X
DLR X X X X X
ENEA X X X
ESTEL/ X
GUNAM X X
LNEG X X X X
MINECO X
SELCUK | X X
U.EVORA X X X
WEIZMANN X X

Table 1.App field of available services offered by partners

Most of the participants also offer access to their facilities and training courses related with
concentrating solar technologies.
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Finally it may be considered as service the support activities to commercial deployment carried
out mainly by ESTELA but as well by MINECO, etc.

In line with the spirit of the EU-SOLARIS project to strengthen ties between the concentrating
solar test facilities from the point of view of supply of services, some of the partners are already
working in the joint provision of services, as in the case of access to facilities services within SOLLAB
and SFERA alliances or the joint offer of some experimental services already having agreed between
DLR and CIEMAT-PSA. On the other hand, some participants offer services from facilities in different
locations (as in the case of PSA-CIEMAT-Madrid and Almeria, DLR, Cologne, Stuttgart and Almeria,
CNRS -in-PROMES and THEMIS facilities-, etc.).

The following sections contain a portfolio of specific services, offered by the EU-SOLARIS
partners, applicable to Solar Thermal Electricity and other applications of Concentrating Solar
Technologies.

This version of the portfolio has benefited from the contribution and / or verification of all partners
except SELCUK U. So the services that this institution may have available have not been included
here.

2.1 Available Services on Solar Resource (DNI)
and Meteorological Parameters Assessment.

Accurate DNI monitoring is crucial for solar concentrating technologies. Dedicated meteorological
methods are being developed for the Concentrating Solar Technologies sector, including specific
measurement and assessment techniques on the DNI and Meteorological resource.

Usual tasks of engineering such as suitable site-specific STE power plant layout and first financial
assumptions are based on a data set called Reference or Typical Meteorological Year (RMY or TMY),
which should closely represent the typical or mean resource at the site during the plant life.

Some partners (and/or spin-offs created with the partners supports) offer services related with
the DNI and Meteorological resources, such as:

1. Advising and Collaboration to collect precise, long-term solar (and meteorological)
resource measurements (it may include ground measurements, satellite-site adapted
solar radiation data series procurement, etc.);

2. Assessment of uncertainties in the Solar (and Meteorological) Resource evaluation to
minimize the technical and financial risks of new solar energy projects;

3. Analysis of site-specific solar radiation with time-series data to characterize the
intensity and typical variability of solar radiation along with auxiliary meteorological
values at a site.

4. Providing specific TMY data sets, which should include DNI and also auxiliary
meteorological parameters like ambient temperature, humidity, wind speed and wind
direction, which are relevant for site-specific engineering and yield estimation;
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5. Services for now-casting and fore-casting of DNI and meteorological conditions to

facilitate the plant operation; etc.

2.1.1Assessment Services on DNI & Meteorological Data

The portfolio of services available on DNI and Meteorological Parameters assessment is
described below.

Solar Radiation Measurement and Weather Station
(DLR)

Service Name:

Avalilability at Partner: DLR

Available as EU_SOLARIS (Yes/No): Not decided yet (NDY)

Method: Deliverables:

¥ Sets of solar radiation data in
different time resolutions, Calibration
factors  for  sensors, further
deliverables being developed.

g Solar radiation data,

g Calibration of Sensors,

¥ Analysis for Now- and forecasting
methodology for solar plant operation

Associated Capacities / Test Benches /

Equipment: g METAS: Shared Capacity PSA-DLR

Advising on Solar Radiation Measurement & Data
Processing (CIEMAT-PSA)

Service Name:

Availability at Partner:  CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): Not decided yet, (NDY)

Method: Deliverables:

Report containing recommendations
and / or results from measurements.

§ Compiling the boundary, measurement g
and Instrumentation conditions on site

§ Checking / carrying out Calibration of
Sensors,

g (Advising on) Data collection and Data
Processing

Specific Software tools

Reference equipment for

comparison /calibration

Associated Capacities / Test Benches /
Equipment:

N X
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¥ METAS (Shared Capacity PSA-

DLR)
Service Name: DNI Measurement and Analysis (U.EVORA)
Availability at Partner:  U. EVORA
Available as EU_SOLARIS (Yes/No): No (not presently)
Method: Deliverables:
¥ In-situ DNI measurement and data ¥ G, Gd, DNI measured data series
analysis for medium and long-term § Satellite data based resource
forecast. assessment (under development)
g§ Correlations of presently measure
Global Solar Irradiation (G), Diffuse
Solar Irradiation (Gd) with 17 years of
G, Gd data going back 17 years; these
correlations will allow for long term
data analysis of presently measured
Direct Normal Irradiation (Gb,n or DNI)
Associated Capacities / Test Benches / 7 DNI ) measurement stat!on
(pyrheliometer on tracking

Equipment: i .
mechanism), Global (G) and Diffuse

(Gd) measurement equipment (fixed
horizontal or inclined plane),
ambient temperature and relative
humidity measurement equipment;

Solar Radiation Measurement and Weather Station

Service Name:
(CNRS-PROMES)

Availability at Partner: ~ CNRS-PROMES

Available as EU_SOLARIS (Yes/No): (NDY)

Method: Deliverables:
¥ In-situ solar measurements § Databases
g Instruments and data analysis for short ¥ Reports

and medium term forecast.
g Advising on data collection

Associated Capacities / Test Benches / 7 Specific Software tools
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Equipment: g Specific instruments (SAM)
g§ Standard solar radiation instruments
(GHI, DNI ...)
gy SISIA department

Solar Radiation Measurements and Weather
Station (LNEG)

Service Name:

Availability at Partner:  LNEG

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Weather station at Lisbon including ¥ Reference long term data
multi-year  solar  radiation  data for Portuguese radiative climate
measurements ¥ Solar plant performance
g Cross-analysis of long-term reference and production estimation
and short-term measured data gy Data for guarantee of results
g Cross-correlation analysis of multi-site of power plants

daily measured data

Associated Capacities / Test Benches / 7 Client monitoring station evaluation

Equipment:
Service Name: Solar Resource Assessment (LNEG)
Avalilability at Partner:  LNEG
Available as EU_SOLARIS (Yes/No): (NDY)
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Method: Deliverables:

Expert knowledge

Data processing with comparison with
the best radiation data models for the
relevant region

Statistical analysis and
transformations of data, stochastic
time series generators
GIS based spatial
modelling
Cross-validation and merging of
various data sources

Power plant numerical simulations with
TMYs and extreme time series data

analysis and

7

Radiation data procurement and
recommendations on existing private
and commercial data sources

Quality controlled data (statistics and

time series)
TMY data sets for numerical
simulation (GHI, DNI and other

radiation parameters as well as other
relevant environmental parameters,
e.g. temperature, wind)

Statistics on extreme events and
sequences (cloudy, sunny)
Selection of the areas with highest

solar resource
§ Assessment of uncertainties in the
solar resource estimations

y Long term power plant vyield
estimation and inter-annual
variability.

Associated Capacities / Test Benches / 7 Statistical software
Equipment: ¥ In-house weather generator
software

2.1.2 Characterization of DNI and Meteorological Resource
for Sites

Measurements and Analysis of Solar Potential

Service Name:
(CRES)

Availability at Partner:  CRES

Available as EU_SOLARIS (Yes/No): (not decided yet)

Method: Deliverables:

¥ Measurement of Direct Radiationwith
Normal Incidence pyrheliometer
# Measurement of Global Radiation

§ Measurements and analysis of solar
potential
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¥ Measurement of Diffuse Radiation

Kipp & Zonnen CM12 installed on a
Kipp & Zonen two-axis 2AP Sun
Tracker.

gy Pyranometer KIPP & ZONEN CM 11
¥ Pyranometer with shadow ring -
KIPP & ZONEN CM 121

5]

Associated Capacities / Test Benches /
Equipment:

Solar Radiation Measurement Station (APTL-

Service Name:
CERTH)

Avalilability at Partner:  APTL-CERTH

Available as EU_SOLARIS (Yes/No): (not decided yet)
Method: Deliverables:
¥ Measurement of Solar radiation ¢ Ground truth measurements of solar
radiation

¥ pyrometer, pyrheliometers, sun

Associated Capacities / Test Benches / . )
tracking mechanism

Equipment:

Solar Resource Assessment and Analysis

Service Name:
(GUNAM)

Avalilability at Partner:  GUNAM

Available as EU_SOLARIS (Yes/No): Yes
Method: Deliverables:
# Advising and consulting for and § Data and data analysis.
measurement and analysis of solar
resources.

g DNI and global horizontal solar
radiation monitoring systems and
tools for data analysis.

Associated Capacities / Test Benches /
Equipment:
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Service Name:

(LNEG)

Availability at Partner:  LNEG

Available as EU_SOLARIS (Yes/No):

Method:

7
7

Expert knowledge

Comparison with physical models
(clear-sky etc.); Spatial and time series
analysis; in house software

General purpose statistical radiative
models and development of site-
specific models

Data analysis and typical system
simulations

In house software tools based on
published models and methods

In house software tools based on
published models and methods
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Measurements and Analysis of Solar Potential

Deliverables:

station
configuration, sensors and other
equipment; Planning of
measurement campaigns or
permanent monitoring schemes;
Station mounting and start-up;
Periodic station maintenance.
Remote data download and archive;
Data quality control and detection of
sensor malfunctions; Statistical post-
processing of data; Validation of
measured data against other data
sources (other ground stations,
satellite data); Assessment of
uncertainties; Assessment of
predictability.

Derivation of other parameters from

monitored data (e.g. diffuse
radiation, reflected radiation,
radiation onto fixed of tracking tilted
planes)

Assessment of solar resource from
various viewpoints

Assembling of TMY data sets for
numerical simulation (GHI, DNI and
other radiation parameters as well as
other relevant environmental
parameters, e.g. temperature, wind)
Statistics on extreme events and
sequences (cloudy, sunny) for
engineering system sizing and
power plant performance range
assessment
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g DNI and global horizontal solar

Associated Capacities / Test Benches / o o
radiation monitoring systems and

Equipment: ,
tools for data analysis.
Service Name: Solar Data (ENEA)
Availability at Partner:  ENEA
Available as EU_SOLARIS (Yes/No): Yes
Method: Deliverables:
1 Forecasting methodology for solar 9 Prevision of DNI for next hours till next
plant operation three days, updated every hour by

1 On-site DNI, GHI (Global Horizontal using Internet data

Irradiance) and Diffuse Horizontal 9 Hourly measurements of GHI, DNI and
Irradiance measurement Diffuse Horizontal Irradiance for some

. . Italian places and for many years
1 Elaboration of satellite maps of cloud P yy

cover 1 Elaboration of solar radiation maps

1 TMY data sets (GHI, DNI and Diffuse
Horizontal Irradiance) for numerical
simulation and for every Italian place

Associated Capacities / Test Benches/  § DNI, GHI and Diffuse Horizontal
Equipment: Irradiance measurement stations
(pyranometers, pyrheliometers on
tracking systems)

1 Software tools

2.2 Available Services on Reflectors and
concentrators

Concentrating solar collectors capture the sun& energy with mirrors that reflect and focus the
sunlight onto a receiver, creating high solar fluxes that may be used as heat (and used to generate
electricity, in STE technologies) or to feed a endothermic chemical process.
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Reflectors and Concentrators are a key component of these technologies. Its improvement (in
terms of cost/performance ratios, assembling times, optical performance, durability, etc.) appears in
most of the roadmaps for the STE technologies. Accompanying this development requires different
diagnostic methods, capabilities and services.

Services on Reflectors ad Concentrators may involve improved reflector development (the
challenges to improve the performance of the reflectors are focused on the development of light
reflective surfaces, anti-soiling coatings, high reflective mirrors, etc.), optical model development,
optical measurement techniques, testing standards, durability assessment and reliability
assessments.

The optical characterization (from the reflector to the concentrator) is the most frequent service
associated with these components. Various imperfections in a solar concentrator lead to angular
deviation of reflected sun rays from the specular reflection direction and thereby degrade
concentration performance. Sources of reflected ray errors can be roughly classified into four groups:
specularity error, slope error, shape error, and tracking error.

Typical services on Reflectors and Concentrators, provided by concentrating solar facilities,
include:

1 Measurement of optical and mechanical properties of existing and potential solar
materials for long term disabilities (more than 25 years);

9 Durability assessment of solar materials over time using outdoor exposure test sites and
accelerated exposure test chambers;

1 Development and/or qualification of advanced solar-selective and reflective coatings and
to partner with industry to build prototypes and commercialize advanced selective
coatings;

9 Durability assessment of solar materials over time using high solar fluxes exposure test
benches to simulates the harmful long-term effects of sun damage on outdoor products
(such as secondary concentrators, etc.);

I Access to solar furnaces to expose, tests, and evaluate mirrors, concentrators and
coatings in an extreme solar environment;

1 Evaluation of the overall optical performance of large fields of collectors;

1 Video Scanning measurement, enabling rapid, high-accuracy measurements of reflector
shapes in both laboratory and field environments;

1 Measurement of the mirror surface slope and collector performance during installation
and operation to maintain optimum performance during operation;

9 Optical simulation of reflectors and concentrators; etc.
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EU SOLARIS

2.2.1 Available Experimental Services on Reflectors

The state-of-the-art for the reflective surface of solar reflectors is represented by either facets of
thick (4-5 mm) glass mirrors with structural functions or thin (0.8-1.1 mm) glass mirrors attached to a
structural surface (fiber glass,composi t e, metallicé) that Thewusewofi des sh
other reflective surfaces, such as aluminum sheets and silver polymer films, is under research to
verify if they could provide the required durability.

Qualification services for reflective surfaces typically include optical characterizations (with
spectral discrimination), characterization of cleanliness and the ratio of soiling in outdoor conditions,
stiffness and surface roughness characterization and durability assessment by natural and
accelerated aging.

The list of available services, as EU-SOLARIS, on reflective materials for STP and other
Concentrating Technologies is the following.

Characterization of Optical Properties of Solar
Reflectors (PSA & DLR)

Service Name:
Availability at Partner:  CIEMAT-PSA and DLR
Available as EU_SOLARIS (Yes/No): (NDY)

Method: Deliverables:

¥ Measurement of hemispherical ¥ Hemispherical and specular

reflectance with a spectrophotometer
and an integrating sphere in the solar
spectrum  (250-2500 nm) and
calculation of the solar-weighted
reflectance using the standard solar
spectrum of ASTM G173 or ISO 9050
Measurement of specular reflectance
with a spectrophotometer and special
accessories in the solar spectrum (250-
2500 nm) at several incidence and
acceptance angles and calculation of
the solar-weighted reflectance using
the standard solar spectrum of ASTM
G173-03 or ISO 9050

Measurement  of  monochromatic
specular reflectance with
reflectometers at several wavelengths
and acceptance angles

§ Measurement of space resolved
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reflectance spectrum in the solar
spectrum (250-2500 nm)

gy Solar-weighted hemispherical
reflectance using the standard solar
spectrum ASTM G173-03 or I1SO
9050Solar-weighted  specular at
several acceptance angles
reflectance using the standard solar
spectrum ASTM G173-03 or ISO
9050

¥ Monochromatic specular reflectance
(at several wavelengths and
acceptance angles)

¥ Space resolved specular reflectance
and monitoring of pitting corrosion
spot growth

# Macroscopic analysis of reflector
samples (pictures and significant
defects description)
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specular reflectance with the (SR)2
reflectometer at several wavelengths
and acceptance angles

# Macroscopic examination by visual
inspection

FP7-INFRA-312833

¥ Microscopic analysis of reflector
samples (pictures with different
magnifications, surface profiles,
roughness, layer thicknesses, etc.)

¥ Qualitative chemical analysis of
reflector materials

§ Macroscopic and microscopic
examination by light microscopy with
low and high magnification

¥ Microscopic examination by scanning
electron microscopy (SEM) for high to
very high magnification observation
and qualitative chemical analyses with
energy dispersive spectroscopy (EDX)

¥ Microscopic examination by 3D light
microscopy combining confocal and
interferometry technology

¥ OPAC: Optical Characterization and
Durability Testing of Solar Reflectors
Laboratory. (Shared capacity
CIEMAT-PSA and DLR)

Associated Capacities / Test Benches /
Equipment:

Durability of Solar Reflectors under Accelerated
Aging (PSA & DLR)

Service Name:

Availability at Partner:  CIEMAT-PSA and DLR

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
# Analysis of durability and degradation g Identification of aging mechanisms

mechanisms of solar reflector materials
under accelerated aging conditions,
according to existing standards:

- Damp heat test based on IEC 62108
(10.7)

- Humidity climate test based on ISO
6270-2 CH;

- Thermal cycling tests based on ISO
1279-2, 1SO 62108 (10.6) or ISO 61215

- Humidity freeze test based on ISO
62108 (10.8)

- Salt spray test based on ISO 9227 (NSS

and optimization potential.
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and CASS)
- UVtestbased onISO 11341 (WOM test)
- UV and condensation test based on ISO
11507
- Cross cut test based on ISO 2409
- Acid rain tests based on ISO 6988/DIN
50018 (Kesternich test)
- Cleaning abrasion test based on ISO
11998
- Abrasion test based on ISO 9211-4
- Machu test (QUALICOAT)
# Analysis of durability and degradation
mechanisms of solar reflector materials
under accelerated aging conditions, with
innovative tests:
- Sand abrasion test based on MIL 810-G
- Corrosion tests under several corrosive-
gases atmospheres
- Weathering tests combining selected
temperature and humidity with radiation
(reproducing the solar spectrum)
- Modification of standard tests, extending
the testing time, combining several tests
or including some additives
- UV tests (with high acceleration factor)
gy OPAC: Optical Characterization
and Durability Testing of Solar
Reflectors Laboratory (OPAC)
(Shared capacity CIEMAT-PSA
and DLR)

Associated Capacities / Test Benches /
Equipment:

Outdoor exposure of Solar Reflectors (PSA &
DLR)

Service Name:

Availability at Partner:  CIEMAT-PSA & DLR

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
g7 Analysis of durability and degradation gy Analysis of the degradation of
mechanisms  of solar reflector relevant  properties (reflectance
materials  under natural aging losses) under natural aging
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conditions, at several locations ¥ Study of degradation mechanisms
Outdoor exposure in heliostat test (appearance or evolution of defects
bench to test the influence of blocking Tsuch as corrosion spots, cracks,
on the coatings lifetime glass breakages, stains-,
Determination of the soiling rate in delamination, coatings degradation
outdoor exposed samples, at several or removal, edges deterioration, etc.)
locations under natural aging
Study of different cleaning methods in g Soiling rate calculation
outdoor exposed samples, depending ¥ Analysis of the effectiveness of the
on the reflector type and location cleaning methods and cleaning
strategy determination
gy Optical Characterization and

Associated Capacities / Test Benches /

. i Durability Testing of Solar Reflectors
Equipment:

Laboratory (OPAC) (Shared
capacity CIEMAT-PSA and DLR)

Service Name: Optical Properties of Mirrors (CNRS-PROMES)

Availability at Partner;: CNRS-PROMES

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
§ Laboratory measurement of specular ¥ Reports
reflectance (BRDF) with a
spectrophotometer and special
accessories in the solar spectrum at
several incidences
# (Details could be added later such as
spectral  range/resolution, angular
range/resolution,
Associated Capacities / Test Benches / 7 Main Instrument IS CA_SI
Equipment: scatterometer (Schmitt
Measurement System Inc.) and

home-made solar reflectometer
§ CAMASOL department

Service Name: Optical Properties of Mirrors (LNEG)

Availability at Partner:  LNEG
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Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Measurement of hemispherical § Hemispherical and specular
reflectance with a spectrophotometer reflectance spectrum in the solar
and an integrating sphere in the solar spectrum (250-2500 nm)
spectrum  (250-2500 nm) and y  Solar-weighted hemispherical
calculation of the solar-weighted reflectance using the standard solar
reflectance using the standard solar spectrum ASTM G173-03 or I1SO
spectrum of ASTM G173 or ISO 9845 9845
¥ Measurement of specular reflectance g7

with a spectrophotometer and special

accessories in the solar spectrum

(250-2500 nm) at several incidence

and acceptance angles and calculation

of the solar-weighted reflectance using

the standard solar spectrum of ASTM

G173-03 or ISO 9845

§ Spectrophotometer Perkin  Elmer
Lambda 950 with an 150 mm
diameter InGaAs integrating sphere

Associated Capacities / Test Benches /
Equipment:

Average solar field reflectance measurement

Service Name:
(CIEMAT-PSA)

Availability at Partner:  CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Measurement of reflectance over the ¥ Report with the reflectance results
facets o f t he ha pdrabdio- and procedure.

trough solar field. (It may be afforded

as the measurement over all facets of

the solar field or on a representative

number of them).

¥ Reflectometer & Specific software

Associated Capacities / Test Benches / o0l
00

Equipment:
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Corrosion / Degradation Studies and Protection
of Materials (for reflectors) (LNEG)

Service Name:

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
Corrosion/Degradation studies under § Study of the durabilty and
accelerated aging tests and natural exposure degradation mechanisms under
ACCELERATED AGING TESTS artificial and qatural . aging
(atmospheres with different
g Corrosion tests in artificial atmosphere corrosivities)
at very low concentration of polluting
gas(es)

§ Determination of resistance to
exposure in a chamber with Xenon arc

§ Determination of resistance to humid
atmospheres containing sulfur dioxide

g Determination of resistance to moisture
and temperature (Kesternich chamber
type and programmable chambers)

§ Determination of resistance to cyclic
corrosion conditions

¥ Resistance to neutral salt spray (NSS

test)

¥ Resistance to acetic acid salt spray
(AASS test)

¥ Resistance to cupro-acetic acid salt
spray (CASS test)

UV resistance and condensation
Resistance to humidity and drying
cycles

N

NATURAL EXPOSURE(Atmospheric test
sites with different corrosivities)

g Corrosivity of  atmospheres i
Classification,  determination  and
estimation (ISO 9223, 9224, 9225,
9226)

Associated Capacities / Test Benches / 7 Materials and Coatings Laboratory

Equipment:
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Materials and Coatings Charaterization Studies

Service Name:
(on Reflectors) (LNEG)

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)

Method: Deliverables:

Characterization of materials and metallic § Characterization of reflectors for
coatings studies of durability and

§ Preparation and observation of mechanisms of degradation

samples
- macro examination: visual and low
magnification light microscopy

observation;

- Micro examination by light microscopy
i high magnification observation of
samples;

- Micro examination by scanning
electron microscopy (SEM) 1 high
magnification observation and
qualitative chemical analyses with
energy dispersive spectroscopy (EDS)

# Materialography (Metallographic
analysis)
# Chemical, electrochemical and

physical characterization

- Knoop and Vickers Micro hardness

- X-Ray Diffraction (XRD) - Identification
of crystalline constituents or phases in
inorganic materials

- ldentification of chemical elements,
atomic number >5, over previously
prepared specimen with energy
dispersive spectroscopy (EDS)
associated to scanning electron
microscopy (SEM)

- Electrochemical testing for surface
characterization

§ Adhesion tests

Associated Capacities / Test Benches / 7 Materials and Coatings Laboratory
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Equipment:

Service Name: Measurements on material properties (CRES)

Availability at Partner: CRES

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Measurement of spectral properties of ¥ Report on Resultant Measurements
materials in the UV-VIS-NIR range, & Characterizations

using Spectrophotometer

¥ Measurement of thermal transmittance
of building components, using Hot Box
Apparatus

¥ Measurement of thermal irregularies,
using IR camera

§ Optical measurements- HAGNER S3,
using Photometer

§ Accredited measurements of the
thermal  conductivity / thermal
resistance / thermal resistance of
products, using Guarded hot plate
apparatus

§ Spectrophotometer, Hot Box

Associated Capacities / Test Benches /
Apparatus, IR camera, Photometer,

Equipment:
Guarded hot plate apparatus
Service Name: Indoor Reflectance Measurement (ENEA)
Availability at Partner:  ENEA
Available as EU_SOLARIS (Yes/No): Yes
Method: Deliverables:
¥ Reflectance is measured at near § Hemispherical reflectance
normal incidence on small samples (5 § Hemispherical solar reflectance
x 5 cm2 typically), flat or bent. § Off-normal-incidence solar-
g# Hemispherical reflectance is measured reflectance
with a Perkin Elmer Lambda 950 g# Near-specular reflectance
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spectrophotometer equipped with a
150 mm integrating sphere in the range
300-2500 nm. According to the current
SolarPACES guidelines [1]
Hemispherical solar reflectance (i.e.
the average on the solar emission
spectra) is computed according to
ASTM G173 (direct normal solar
irradiance AM=1.5).
Off-normal-incidence solar-reflectance
is predicted by means of the Equivalent
Model Algorithm (EMA) [2].

Recently, commercial first-surface
solar-mirrors, which are alternatives to
conventional glass mirrors, reflect solar
radiation in a broader manner because
of light scattering. Because in CSP the
useful radiation is the one reflected in
the acceptance solid angle of the
receiver, the measurement of near-
specular reflectance is mandatory.
The methodology to be used is under
discussion, and ENEA is proposing the
innovative SMQ set-up, which allows
evaluating the solar reflectance versus
the acceptance-angle, as well as the
incidence-angle [3-4].

Associated Capacities / Test Benches /

Equipment:

Service Name:
(facets)

Availability at Partner: ENEA

Available as EU_SOLARIS (Yes/No):
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Perkin Elmer Lambda 950
spectrophotometer equipped with a
150 mm integrating sphere in the
range 300-2500 nm.

Equivalent Model Algorithm (EMA)
Solar Mirror Qualification (SMQ) set-

up

Indoor characterisation of shape of panels
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Method: Deliverables:
§ Shape of panels (facets) composing ¥ Measure of the shape of panels
the reflector is measured with a (facets) composing the reflector

profilometer [5], which consists of a
linear array of punctual light sources
displaced in the focal line, and a fire
wire camera in-stalled on a motorized
rail, parallel to the parabola aperture,
and few meters far.

# The measurement takes one minute
about.

g Once the shape is known, all the panel
features can be evaluated by ray-
tracing assuming the actual conditions
of the solar field; among them the
intercept factor is certainly the most
noticeable.

gy The data-processing software
automatically outputs a number of
average quantities as well a graphical
project (QtiPlot) with an exhaustive set
of plots.

Associated Capacities / Test Benches / 7 \_/ISp_rofiIe ]
Equipment: i flreW|r.e camera installed on a
motorized rail
g graphical project (QtiPlot)
2.2.2 Available Services on Concentrator

Experimental Characterization

The use of optical diagnostic techniques are needed both a priory, during the initial alignment of
the concentrators, as posteriorly, to make a diagnosis of misalignments of the facets that constitute
the concentrator elements once installed in the solar field.

The portfolio of services available on ¢ 0 n ¢ e n t ex@etinemtad @ptical) characterization is
described below.

Photogrammetry Measurement of Concentrator&
shape (DLR)

Service Name:

Availability at Partner:  DLR
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Available as EU_SOLARIS (Yes/No):

Method:

g Application of retro-reflective targets
on measurement points

g Calibration with high precision length
standards

§ Photographs of the object from many
perspectives

¥ Analysis of photo set with professional
software

g Additional methods allow

characterizing the torsion stiffness and
similar parameters of a concentrator
structure.

Associated Capacities / Test Benches /

Service Name:

Availability at Partner:

Equipment:

FP7-INFRA-312833

Deliverables:

gy Analysis of 3D coordinates of

reference points for quality control
with  very high precision of
measurement: 1/50.000-1/100.000
Assessment of geometry concerning
STE specific requirements
(Optionally) Torsion Stiffness of the
Concentrator structure

Photogrammetry Measurement

System

Geometrical assessment of Solar Concentrators

(Single Facets, Point Focus Concentrators and

Line Focus Collectors) (CIEMAT-PSA)

CIEMAT-PSA

Available as EU_SOLARIS (Yes/No):

Method:

7
7

Use of an adequate target pattern
Taking a sufficient number of
photographs with a conventional digital
camera,

Image processing software package
(with automatic circle target
recognition)

Post-processing software package to
derive the optical qualification of the
surface and/or the structure geometry

Associated Capacities / Test Benches /

Equipment:
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Deliverables:

¥ Analysis of 3D coordinates of

reference points for quality control
with  very high precision of
measurement: 1/10.000-1/60.000
Assessment of geometry concerning
STE specific requirements

Photogrammetry Measurement
System (& software packages)
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Deflectometry Measurement of Concentrator&
shape (DLR)

Service Name:

Availability at Partner:  DLR

Available as EU_SOLARIS (Yes/No): (NYD)

7 M?thOd: Deliverables:

g Mirror Panel deflectometry:

7 Projection of a known stripe pattern § Evaluation of quality parameter
onto a plane (focal deviation of concentrated light)

g Photograph of the pattern distortion § Evaluation of performance
reflected by mirror consequences for respective solar

g Calculation of the slope error of the technology

mirror surface with:

- High resolution of surface normal
vectors (1000 x 1000 pixel)

- High measurement precision (< 0.5
mrad)

Associated Capacities / Test Benches / 7 Deflectometry Measurement System

Equipment:

Concentrated Solar Flux Characterization in the
Service Name: focal zone of Solar Furnaces and Parabolic Dishes
(CIEMAT-PSA)

Availability at Partner:  CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Reflective method using CCD camera, ¥ Report describing the procedure and
White lambertian target, a flux meter Results on Concentrated Solar Flux
and specific software Characterization at several planes in

the focal zone

§ CCD camera, Specific software and
small Lambertian target specially
developed for parabolic dishes and
solar furnaces.

Associated Capacities / Test Benches /
Equipment:
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Surface Characterization of Concentrators

Service Name:

Availability at Partner:

(CTAER)

CTAER

Available as EU_SOLARIS (Yes/No):

Method:

7

N

N N XY

Service Name:

Avalilability at Partner:

Photogrammetry: System for precise
measurement of deformations in
reflective concentrator surfaces. Its
use goes from the study of
deformations in the reflector mirror, to
the control of the structure quality.
Steps:

Surface discretization using a specific
target pattern based in the desired
resolution

Photographic measurements

Image processing with ad-hoc software
Results post-processing

Associated Capacities/Test
Benches/equipment:

CTAER

Available as EU_SOLARIS (Yes/No):

Method:

7

Steps:

7

This service responds to the need for
field validation (real conditions) of
results found by theoretical
optimization programs.

Modify the solar field layout to simulate
the one achieved after the optimization
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(NDY)

Deliverables:

¥ Report analysing the key parameters
in the optic performance (Slope and
canting errors, focal length, etc.)

¥ Report analysing geometric issues
(Deformations, misalignments and
deviations, etc.)

¥ Photogrammetry Measurement

System

Solar Field Performance Evaluation (CTAER)

(NDY)

Deliverables:

g Optical efficiency of the solar field

¢ Deviations of the field results from
the theoretical ones (Optimization
code validation)

gy Performance achieved using
different canting systems (off-axis,
on-axis etc.) for different positions
and angles of incidence of the same
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process heliostat.
¥ Measure the key parameters involved
in the optic performance (Shadowing &
Blocking, spillage, reflectivity, etc.)
gy Compare the field results with the
theoretical ones
¥ Central receiver facility ( Tabernas,
Almeria)
¥ 2 ring-rails (13 mobile heliostats)

Associated Capacities / Test Benches /
Equipment:

Parabolic Trough Colector& Optical

Service Name: . .
Characterization (CTAER)

Avalilability at Partner: CTAER

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
gy Parabolic trough optical gy Optical performance under real
characterization using rotating operating conditions.
platform, in a wide range of inclination g Structure deformations at different
angles. (Inclination < 379 length < 24 tilt angles (up to 37°)..
m)

g Variable Geometry Test Platform for
Parabolic Trough Collectors
(Tabernas, Almeria).

Associated Capacities / Test Benches /
Equipment:

Service Name: Optical Characterization of Heliostat(s) (CTAER)

Availability at Partner: CTAER

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:

§ Characterization of heliostat optical ¥ Report analysing the main optical
quality (Canting error, slope error, quality parameters (Detailed
tracking error, offsets, etc.) using CCD breakdown)
images and specific codes to fit the ¥ Suggestions to solve the different
reflected images, to a Gaussian issues detected.
distribution.
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¥ CTAER Tabernas Central Receiver
facilities. CCD camera; Lambertian
Target; Computer code for the fitting
process; Wide range of sensors.

Associated Capacities / Test Benches /
Equipment:

Optical and thermal characterization of solar

Service Name:
concentrators (U. EVORA)

Availability at Partner: U EVORA

Available as EU_SOLARIS (Yes/No): Yes (not at present)
Method: Deliverables:
¥ Experimental measurement of optical 7 Report
and thermal characterization

parameters of full-size solar

concentrator modules according to

Quasi-dynamic test (QDT) method

procedures (ISO9806 procedures for

solar concentrators)

g Testing bench with 18 x 13 m two-
axis tracking platform (25 m
diameter azimuthal tracking
platform) with thermal oil loop (up to
400 °C) and pressurized water loop
(up to 230°C). To be commissioned
by the end of 2014 (under
construction)

Associated Capacities / Test Benches /
Equipment:

Heliostat(s) Performance Qualification (CIEMAT-
PSA)

Service Name:

Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
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Method:

7

7
7
7

7

Characterization of heliostat optical
quality: This service can estimate the
total error of a heliostat it was. By using
the images the heliostat forms on the
test target and an appropriate
algorithm, it estimates the total
concentrator error, and nears it to a
Gaussian distribution.

Characterization of heliostat tracking
and offset errors,

Electrical Consumption Measurement;
Characterization of the Local Control
(algorithm, consurm
Diagnostic on Installation (angular
position, &)

Diagnostic on the canting quality

Associated Capacities / Test Benches /

Equipment:

FP7-INFRA-312833

Deliverables:

7

Report describing the procedure, the
test campaign and results (on
Characterization of heliostat optical
quality; Characterization of heliostat
tracking and offset errors Technical
considerations, etc.)

CESA-1 & CRS Tower(s) solar
field(s) facilities (& Measurements
systems). Use of large Lambertian
Target(s); CCD cameras, Specific
Soft war e Labwratbrg ,for
Instrumentation and Sensc
Calibration

Parabolic Trough Collector®& Characterization

Service Name:

Avalilability at Partner:

(CIEMAT-PSA)

CIEMAT-PSA

Available as EU_SOLARIS (Yes/No):

Method:

§ Optical and thermal qualification of

parabolic-trough collectors of small
size (aperture <2m; length < 6 m),
medium size (aperture < 6m; length <
75m), or large size (aperture < 10m;
length < 160m), and complete solar
collectors loops (up to 600 m in North-
South direction).
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(NDY)

Deliverables:

7

N

Report  describing: Optical
performance (peak optical efficiency
and incidence angle modifier)
Thermal performance (up to 400°C)
(Optional) Intercept factor
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Associated Capacities / Test Benches / 7 CAPSOL test facility (small size
Equipment: collectors); -
¥ KONTAS test facility (PTC modules);
g HTF test facility (medium size
collectors);
g PTTL facility (large size)
223 Avail able Services Design &once

Simulation

Optimal design of solar concentrators requires optical simulation tools allowing the calculation
and optimization of concentrators shapes, apertures, flux on the focal zones and, in some cases to
carry-out a techno-economical optimization by facilitating the annual performance calculations.

The list of available services, among the EU-Sol ari s partner s desijnoand concen
simulation is the following:

Service Name: Optical Simulation by Ray Tracing (CTAER)

Availability at Partner: CTAER

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:

# Simulation of optical systems using g Parametric field design studies.
ray-tracing approach (commercial g Predesign of experimental plants.
software and private codes) # Evaluation of different optics

approach.

Specific Software Tools

&

Associated Capacities / Test Benches /
Equipment:

Optical simulation of reflectors and
concentrators (LNEG)

Service Name:

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)

42 of 136



EU SOLARIS

Method:

gy Computational study of imaging and
non-imaging optical systems for

FP7-INFRA-312833

Deliverables:

7

Report with the results of the
computational study or design of

primary and secondary concentrators primary and secondary
concentrators
Associated Capacities / Test Benches / 7 Specific software tools
Equipment:
Service Name: Optical Design of Concentrators (U.EVORA)

Availability at Partner: U. EVORA
Available as EU_SOLARIS (Yes/No):

Method:

# Design and assessment of line-focus
and point-focus primary and secondary
concentrators (e.g. in imaging primary
and non-imaging secondary
arrangements); special emphasis on
LFR technology, with the development
of proprietary concepts with a potential
for much higher final conversion
efficiencies in applications like STE.

Associated Capacities / Test Benches /
Equipment:

No (not at present)

Deliverables:

7

7

Design plans for absorber specific
ideal (secondary) concentrators;
Design plans for full
primary/secondary line ort point
focus concentrating systems;
Simulated  optical assessment
(optical efficiency and incidence
angle modifiers) under real material
and source conditions.

In-house non-imaging optics design
models;

Open-source ray tracing tools.

Optical Design and Simalation of Point Focus
Solar Fields (CIEMAT-PSA)

Service Name:

Availability at Partner: CIEMAT-PSA
Available as EU_SOLARIS (Yes/No):

Method:

§# Layout optimization of Heliostats solar
fields  (either  experimental or
commercial plants)

43 of 136

(NDY)

Deliverables:

§ Report describing Results for

hel i os kwutd and optical
performances of the SF (at Design
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§ Evaluation of different heliostat Point, Annual, etc.). Assessment of
distribution strategies the different optical loss processes
g Calculation of solar fluxes in the focal (cosine factor, shading, blocking ,

zone and projection over receiver

spillage, attenuation)

surface. (e.g. at Design Point).
g Optical Performance in Design Point
and Annual Performance

Associated Capacities / Test Benches / 7 Specific Software Tools

Equipment:

Pre-Design of Secondary Concentrators

Service Name:
(CIEMAT-PSA)

Avalilability at Partner: CIEMAT-PSA
Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:

¥ Report including the basic geometry
for the Secondary Concentrator in
Point Focus Technologies according
to the boundary conditions and
constrains.

g Identification of Constrains and
boundary conditions for the Secondary
concentrator.

g§ Calculation of basic parameters (entry
& exit apertures, length and
acceptance angles)

Associated Capacities / Test Benches / 7 Specific Software Tools

Equipment:

Advisory on Selection and/or Local Control
Design of Sun Trackers [1 axis and 2-axes]
(CIEMAT-PSA)

Service Name:

Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)

44 of 136



E U SO LAR | S FP7-INFRA-312833

Method: Deliverables:
g Starting on the project constraints, the ¥ Report on advising
state of the art is reviewed to identify ¥ (Optionally) prototype and test
options on feasible local control performance results

systems for the project (both from a
technical and economical point of
view).
g Optionally, ad-hoc prototypes of local
control may be developed as prototype
and tested in a PSA solar field for
performance validation.
§ Laboratory for instrumentation and
data
Solar fields in PSA

Associated Capacities / Test Benches /
Equipment:

Service Name: Solar Optics Design (CNRS-PROMES)

Availability at Partner: CNRS-PROMES

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Monte Carlo ray tracing ¥ Reports

g Optical design and optimization of:
- Heliostats fields for towers
- Simulation of existing solar
concentrators and identifications of
errors
- Coupling solar concentrators and solar
receivers
- Flux homogenizers
g Development of inverse Monte Carlo
ray tracing modelling including for
radiation interaction with particles
# Training on solar optical design with
ray tracing software
¥ Ray Tracing software such as
SolFast 4D, Tonatiuh, SolTrace
High performance computers
§ Scientists team

Associated Capacities / Test Benches /
Equipment:
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2.3 Available  Experimental Services on
Absorbers and Receivers

In Concentrating Solar Thermal systems, the concentrated solar rays are reflected onto a
receiver, which converts the sunlight either into heat (that is used to generate electricity) or is
absorbed in an endothermic chemical process (e.g. to produce solar fuels or for other chemical or
material applications).

Activities on the testing and evaluation of prototype receivers started in Odeillo in the 1970s and
intensified in the 1980s and 1990s so that validated solutions are currently implemented in STE
plants. Services qualification and experimental verification of absorbers and receivers cover the
different phases of prototype development, from modeling / design experimentation on small
prototypes in laboratory conditions (e.g. using concentrating solar simulators or small solar furnaces)
to experimentation on pre-commercial prototype pilots under real test conditions.

Services on Absorbers and Receivers focus on qualifying existing and/or developing advanced
thermal receiver technologies and absorber materials for use in solar thermal electricity systems or
other applications of solar concentration.

Typical services on Absorbers and Receivers, provided by concentrating solar facilities, include:

§ Thermal qualification of the absorber/receiver efficiency. (The solar-to-thermal conversion
efficiency depends greatly on the shape and location of the absorber in the receiver (in cavity/
exposed, ..) and on the optical properties of the receiver selective coating);

g Accessto solar furnaces or towers with secondary optics to expose, tests, and evaluates receivers
and high-temperature materials and coatings in an extreme solar environment;

g Durability assessment of absorber and Receiver materials over time using high solar fluxes
exposure test benches to simulates the harmful long-term effects of sun damage on outdoor
operational conditions;

g Optical and thermal characterization of PT receivers (analyze the steady-state, off-sun thermal
losses of receivers used in solar parabolic trough power plants);

g Infrared Diagnostic on bad receiver tubes (applicable not only to PT but to CR tube receivers as
well); etc.

2.3.1 Available Experimental Services on Absorbers &
Absorber Coatings

The list of available experimental services on absorbers and coatings services, among the EU-
Solaris partners, is the following:

Accelerated Aging of absorbers & absorbing
coatings (CIEMAT-PSA)

Service Name:
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Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No):

Method:

¥ Reproduction of natural degradation
under accelerated conditions in the
laboratory

g§ Corrosive atmospheres at elevated
temperatures in the furnace

§ Thermal cycling with simulation of

condensation

¥ Exposure to elevated UV radiation
(10x)

§ Analyses with standard optical
characterization  procedure,  Light
Microscopy and Scanning Electron
Microscopy

g§ Corrosion characterization with spatial
resolved reflectometer

Associated Capacities / Test Benches /
Equipment:

Service Name:

coatings (DLR)

Avalilability at Partner: DLR

Available as EU_SOLARIS (Yes/No):

Method:

¥ Reproduction of natural degradation
under accelerated conditions in the
laboratory

§ Corrosive atmospheres at elevated
temperatures in the furnace

g Thermal cycling with simulation of
condensation

y Exposure to elevated UV radiation
(10x)
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(NDY)

Deliverables:

g Prediction of expected durability in
terms of properties relevant for STE
applications

g Identification of aging mechanisms
and optimization potential.

gy lab of accelerated ageing and
durability of solar materials,
(SHARED CAPACITY PSA-DLR)

Accelerated Aging of absorbers & absorbing

(NYD)

Deliverables:

g Prediction of expected durability in
terms of properties relevant for STE
applications

# Identification of aging mechanisms
and optimization potential.
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g Lab of accelerated ageing and
durability of solar materials,
(SHARED CAPACITY PSA-DLR

Associated Capacities / Test Benches /
Equipment:

Accelerated Solar Aging of Absorbers &

Service Name: ) )
Absorbing Coatings (DLR)

Availability at Partner: DLR
Available as EU_SOLARIS (Yes/No): (NYD)

Method: Deliverables:

¥ Receivers and Absorber materials and § Degradation assessment under high
coating aging by using high solar temperature and high solar fluxes
concentrations and cycling operating conditions

¢ Parabolic Dishes with ad-hoc test
benches.(SHARED CAPACITY
PSA-DLR)

Associated Capacities / Test Benches /
Equipment:

Accelerated Solar Aging of absorbers &
absorbing coatings (CIEMAT-PSA)

Service Name:

Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Receivers and Absorber materials and g Degradation assessment under high
coating aging by using high solar temperature and high solar fluxes
concentrations and (solar irradiance) operating conditions
cycling
Associated Capacities / Test Benches / 7 Parabolic Dishes with ad-hoc test
. . benches. (SHARED CAPACITY
Equipment:
PSA-DLR
¢ Solar Furnace with ad-hoc test
benches.
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Corrosion / Degradation Studies and Protection
of Materials (for Absorbers) (LNEG)

Service Name:

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
Corrosion/Degradation studies under gy Study of the durability and
accelerated aging tests and natural exposure degradation mechanisms under
ACCELERATED AGING TESTS artificial and Qatural . aging
(atmospheres with different
g Corrosion tests in artificial atmosphere corrosivities)
at very low concentration of polluting
gas(es)

§ Determination of resistance to
exposure in a chamber with Xenon arc

§ Determination of resistance to humid
atmospheres containing sulfur dioxide

§ Determination of resistance to
moisture and temperature (Kesternich
chamber type and programmable
chambers)

§ Determination of resistance to cyclic
corrosion conditions

¥ Resistance to neutral salt spray (NSS

test)

¥ Resistance to acetic acid salt spray
(AASS test)

¥ Resistance to cupro-acetic acid salt
spray (CASS test)

# UV resistance and condensation
¥ Resistance to humidity and drying
cycles

NATURAL EXPOSURE (Atmospheric test
sites with different corrosivities)

§ Corrosivity of  atmospheres 71
Classification,  determination  and
estimation (ISO 9223, 9224, 9225,
9226)

Associated Capacities / Test Benches / 7 Materials and Coatings Laboratory

Equipment:
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Optical Properties of Absorbers & Receivers and
their coating (CNRS-PROMEYS)

Service Name:

Availability at Partner: CNRS-PROMES
Available as EU_SOLARIS (Yes/No):

Method:

§ Optical properties determination vs
temperature determination such as
reflectivity and emissivity with:

g specially designed solar experiments,
either as heating and/or light source

§ laboratory instruments for spectral
reflectivity measurements from
ambient temperature to 500°C in the
wavelength range 500 nm 1 15 um

g surface shape (tribology)

Associated Capacities / Test Benches /
Equipment:

(NDY)

Deliverables:

¥ Reports
g Optical properties databank

y COMASOL department operating
setups such as modified SOC100
SISIA department operating setups
such as MEDIASE with the big solar
furnace MWSF

Surface Properties of Absorbers & Receivers and
their coating (CNRS-PROMEYS)

Service Name:

Avalilability at Partner: CNRS-PROMES
Available as EU_SOLARIS (Yes/No):

Method:

g Surface properties analysis:

- chemical composition (XRD, XPS)

- crystallographic analysis

g Training to samples preparation and
analysis software use

Associated Capacities / Test Benches /
Equipment:
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Deliverables:

7 Reports

§ SASI department operating onsite:
- PANalytical Xbéper
- Data analysis software
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- Crystallographic software, either
commercial or custom designed

# SASI department operating offsite
XRD and XPS instruments

Accelerated Agging on Receiver & Absorber

Service Name: . i )
Materials and their coating (CNRS-PROMES)

Availability at Partner: CNRS-PROMES

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Accelerated ageing under ¥ Reports

concentrated solar flux, from modelling
to experimental tests:

- ldentification of physical parameters
affected by material ageing

- Define thermal indicators to define
receiver thermal performance

- Assess the sensitivity of indicators
through simulations under different
boundary conditions

- Define and apply the best experimental
strategy to enhance the thermo-
mechanical and  physicochemical
effects

- Study the evolution of the

characteristic properties

Establish laws of aging

Associated Capacities / Test Benches / 7 SAAF setup and scientists team

Equipment:

( Ab s or IMateri@gls and Coatings

Service Name: L )
Characterization Studies (LNEG)

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)
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Method: Deliverables:
¥ Characterization of materials and ¥ Characterization of absorbers for
coatings (metallic and organic) studies of durability and
§ Preparation and observation of mechanisms of degradation
samples
- macro examination: visual and low
magnification light microscopy

observation;

- Micro examination by light microscopy
i high magnification observation of
samples;

- Micro examination by scanning
electron microscopy (SEM) 1 high
magnification observation and
qualitative chemical analyses with
energy dispersive spectroscopy (EDS)

# Materialography (Metallographic
analysis)
gy Chemical, electrochemical and

physical characterization

- Hardness and Microhardness tests

- X-Ray Diffraction (XRD) - Identification
of crystalline constituents or phases in
inorganic materials

- ldentification of chemical elements,
atomic number >5, over previously
prepared specimen with energy
dispersive spectroscopy (EDS)
associated to scanning electron
microscopy (SEM)

- Electrochemical testing for surface
characterization

- Adhesion tests

- Chemical analysis by Fourier transform
infrared  absorption  spectroscopy
(FTIR)

g Surface tension / interfacial tension of

liquids measurements

Porosity detection

Abrasion resistante

Resistance to reverse and direct

impact

g# Dry film thickness and evaluation of

Ny N Y
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Associated Capacities / Test Benches /

Service Name:

Availability at Partner:

thickness by X-ray fluorescence

(metallic coatings) and

Equipment:

FP7-INFRA-312833

¥ Laboratory of materials and coatings

( Abs or MATERIADS AND COATINGS

CHARACTERIZATION STUDIES (APTL-CERTH)

APTL-CERTH

Available as EU_SOLARIS (Yes/No):

Method:

7

7
7

7

Controlled exposure and ex-situ
assessment studies of materials and
components for high-temperature
applications

Thermal differential calorimetry
analysis of powder samples under
controlled atmosphere.
Real-time/in-situ FTIR/Raman
spectrometric analysis of samples
under controlled atmosphere up to
13000C.

3D X-ray imaging of samples
Hg-Porosimetry, Gas porosimetry
SEM/EDS, TEM/EDS, XRD, ICP

Associated Capacities / Test Benches /

Equipment:
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¥ Results on thermal
testing/degradation and analysis of
materials
gy Solar Simulator
y TGA/DSC
¥ FTIR-Raman Microscope with hot
cell
g X-ray Micro tomography Facility
# Hg and gas porosimeters
¥ SEM/EDS, TEM/EDS, XRD, ICP
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Optical Characterization of Ab s o r b airfages !

Service Name:
(LNEG)

Availability at Partner: LNEG

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¥ Measurement of hemispherical ¥ Hemispherical and specular

reflectance with a spectrophotometer absorptance spectrum in the solar
and an integrating sphere in the solar spectrum (250-2500 nm)
spectrum  (250-2500 nm) and § Solar-weighted hemispherical
calculation of the solar-weighted absorptance using the standard
reflectance using the standard solar solar spectrum ASTM G173-03 or
spectrum of ASTM G173 or ISO 9845 ISO 9845

g A Measurement of s
with a spectrophotometer and special
accessories in the solar spectrum
(250-2500 nm) at several incidence
and acceptance angles and calculation
of the solar-weighted reflectance using
the standard solar spectrum of ASTM
G173-03 or ISO 9845
§ Spectrophotometer Perkin  Elmer
Lambda 950 with an 150 mm
diameter InGaAs integrating sphere

Associated Capacities / Test Benches /
Equipment:

Optical Properties of Absorbers & Receivers

Service Name:
(CIEMAT-PSA)

Avalilability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
§ Solar absorptance calculation using g Solar absorptance calculation
hemispherical reflectance # Thermal emittance calculation

measurements in solar spectral range
(0.3 to 2.5 microns).
§ Thermal emittance calculation using

54 of 136



EU SOLARIS

hemispherical reflectance
measurements in infrared spectral
range (0.3 to 25 microns).

Associated Capacities / Test Benches /
Equipment:

2.3.2 Available Experimental
Receivers

Service Name:

Services on Linear

FP7-INFRA-312833

¥ SOLGEL Laboratory
- UVIVIS/NIR spectrophotometer
- FTIR spectrophotometer

Focus

Outdoor optical and thermal performance of

linear receivers for PTC (CIEMAT-PSA)

Avalilability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No):

Method:

§ Outdoor testing of sets of linear
receivers in a real PTC module or
complete collector with low and high
fluid temperatures; receivers of
standard diameter 70mm (higher or
lower diameters should be analysed
case by case)

Associated Capacities / Test Benches /
Equipment:

(NDY)

Deliverables:

¥ Optical and thermal behavior of
linear receivers with null incidence
angle (absorptance, transmittance
and heat losses)

y# RESOL test bench (optical
qualification of single receiver units);
KONTAS test facility (up to 3
receiver units);

¥ HTF test facility (up to 18 receiver
units)

Indoor thermal qualification of linear receivers
for PTC (CIEMAT-PSA)

Service Name:

Availability at Partner: CIEMAT-PSA
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Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
¢ Indoor testing of single units of linear ¥ Report with results of heat loss
receivers in a heat loss measurement characterization up to 400°C

test bench under vacuum conditions

and with the absorber heated by

electric resistance heating

¥ HEATREC test bench (thermal

Associated Capacities / Test Benches / ) ) ’ )
behaviour of single receiver units)

Equipment:

Indoor qualification of linear receivers for PTC
(DLR)

Service Name:

Availability at Partner: DLR

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
The receiver performance is assessed in § Comparison of parabolic trough
terms of receivers under reproducible
A thermal |l osses conditions
A optical efficiency .
A tot al performance a § Complete thermal and optical
based on thermal balances or fluid enthalpy component characterization
gain in three different test benches g Cost/benefit analysis of competitive
products
§ ThermoRec: Thermal Loss

Associated Capacities / Test Benches /

. . Measurement
Equipment:

§ SolaRec: Solar Receiver Test bench
g ElliRec: Elliptical Sun Simulato

Parabolic Trough Colector® Thermal
Characterization (CTAER)

Service Name:

Availability at Partner: CTAER

Available as EU_SOLARIS (Yes/No): (NDY)
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Method:
gy Parabolic trough thermal
characterization using rotating

platform, in a wide range of inclination
angles. (Inclination < 379 length < 24
m)

Associated Capacities / Test Benches /

Service Name:

Avalilability at Partner:

Equipment:

FP7-INFRA-312833

Deliverables:

¥ Thermal performance (Two possible

HTF: pressurized water and thermal
oil)

Report analyzing the behavior to
thermal shock in the receiver and
different elements of the collector.

Variabl e Geometry
Parabolic Troug
(Tabernas, Al mer?2

Accelerated Agging on Linear Receiver and their

coating (CNRS-PROMES)

CNRS-PROMES

Available as EU_SOLARIS (Yes/No):

Method:

7

Accelerated ageing under
concentrated solar flux, from modelling
to experimental tests:

Identification of physical parameters
affected by material ageing

Define thermal indicators to define
receiver thermal performance

Assess the sensitivity of indicators
through simulations under different
boundary conditions

Define and apply the best experimental
strategy to enhance the thermo-
mechanical and  physicochemical
effects

Study the evolution of the
characteristic properties

Establish laws of aging

Associated Capacities / Test Benches /

Equipment:
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2.3.3 Available Experimental Services on Anti-Reflective
Materials

The application of antireflective (AR) coatings on solar collector covers is a popular method to
reduce the reflection in the glass tube of PT receivers. In consideration of practical applications, AR
coatings are also anticipated to have good abrasion-resistant properties and certain hydrophobic self-
cleaning capacity to guarantee for STE systems to perform efficiently for a long time in wild and harsh
environments.

Services on AR coatings focus on the qualification of spectral and angular optical properties and
on their durability.

Surface Properties of Anti-Reflective coatings for

Service Name: .
solar receivers (CNRS-PROMES)

Avalilability at Partner: CNRS-PROMES

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
g Surface properties analysis: ¥ Reports

- chemical composition (XRD, XPS)

- crystallographic analysis

§ Training to samples preparation and
analysis software use

§ SASI department operating onsite:
PANal ytical Xbéper

- Data analysis software

- Crystallographic software, either
commercial or custom designed

§ SASI department operating offsite
XRD and XPS instruments

Associated Capacities / Test Benches /
Equipment:

Optical properties of solar glass envelopes with
Service Name: and without anti-reflective coatings (CIEMAT-
PSA).

Availability at Partner: PSA-CIEMAT

Available as EU_SOLARIS (Yes/No): (NDY)

58 of 136



EU SOLARIS

Method:

7

Total direct transmittance
measurements by using a UV/VIS/NIR
double beam spectrophotometer with
an integrating sphere in the solar range
(300-2500nm). Calculation of the solar-
weighted transmittance by using the
standard solar spectrum (ASTM G173-
03 or ISO 9050)

Angular transmittance measurements
in the solar range (300-2500nm) by
using a UV/VIS/NIR double beam
spectrophotometer variable-angle
transmittance accessory. Calculation
of the solar-weighted transmittance by
using the standard solar spectrum
(ASTM G173-03 or ISO 9050).

Associated Capacities / Test Benches /

Equipment:

¥ Report with

FP7-INFRA-312833

Deliverables:

measurements
procedure and results.

SOLGEL Laboratory

UV-VIS-NIR spectrophotometer
Variable-angle transmittance
accessory

Durability tests of Anti-Reflective Coatings on

Service Name:

Avalilability at Partner:

glass envelopes (CIEMAT-PSA)

PSA-CIEMAT

Available as EU_SOLARIS (Yes/No):

Method:

7

7

Condensation resistance test
according to standard UNE-EN 1096-2
Exposure to accelerated conditions by
cycles of UV and/or condensation
and/or water spray according to
different standards (i.e. ASTM G154)
Taber abrasion test under different
conditions of weight, cycles speed and
type of abradants.

Associated Capacities / Test Benches /

Equipment:
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- Linear Taber abrasion equipment

Static Contact Angle measurements on the
surface of AntiReflective Coatings (CIEMAT-PSA)

Service Name:

Availability at Partner: PSA-CIEMAT
Available as EU_SOLARIS (Yes/No): (NDY)

Method: Deliverables:

¥ Measurements of the wettability of a 7 Report with measurements
surface by using the static sessile drop procedure and results.
method.
Contact angle and surface tension
meter

Associated Capacities / Test Benches / 7
Equipment:

2.3.4 Available Experimental Services on Point Focus
Receivers

Thermal and Thermodynamic characterization of
prototype Receivers for Central Receiver on
Tower Technologies under Real Operating
Conditions (CIEMAT-PSA)

Service Name:

Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:

§ Test design and prototype installation ¢ Quick diagnostic report(s) describing
by adapting one of the test benches of showing system performances after
the two tower facilities at PSA. each daily test

g Selection of the facility and test level f Summary Report (after test
depending on the required power, flux campaign) describing At e
and mechanical boundary conditions procedure, thermal &
for the prototype testing Thermodynamic system

g Testing under real operating conditions performances, incidences, etc.
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§ Test operation, Data collection, Data
processing end Evaluation reporting

g Two solar fields (CESA1l with
300x40m2 heliostats and a Tower of
84 meters height ; CRS with
100x40m2 heliostats and a tower of
45 meters height ) and

gy Six test benches for receivers and
reactors prototype testing available
at the PSA (4 levels at the CESA-1
Tower; 2 test benches at the CRS
tower).

Associated Capacities / Test Benches /
Equipment:

Thermal and Thermodynamic characterization of
prototype Receivers for Central Receiver on
Tower Technologies under Real Operating
Conditions (CNRS-THEMIS)

Service Name:

Availability at Partner: CNRS-PROMES/THEMIS

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
g Test design and prototype g Quick diagnostic report(s) describing
g Selection of the operating parameters showing system performances after
depending on the required power, flux each daily test
and mechanical boundary conditions 7 A S u mm&epgrt (after test
for the prototype testing. Solar flux campaign) describing At e
density from 50 kW/m2 to 5000 procedure, thermal &
kW/m2. Thermodynamic system
§ Testing under real operating conditions performances, incidences, etc.
§ Test operation, Data collection, Data

processing end Evaluation reporting

1 MWth Big Solar Furnace
Compressed air including heater for
air receivers test

Water cooling loop or open circuit
Instrumentation such as pyrometers,
infrared camer as,
SISIA department

Scientists in optical, CFD, thermal
and science material fields

Associated Capacities / Test Benches /
Equipment:

N N

N
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¥ Themis Central Receiver Test
Facility

Lab-scale test bed used for the evaluation of

Service Name: ) .
open volumetric receivers (CIEMAT-PSA)

Availability at Partner: CIEMAT-PSA

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
§ Thermo-calorimetric  evaluation  of ¥ Report describing the test procedure
absorbers samples (up to 7 cm and results on:
diameter). - Extinction coefficient measurement
- Pressure drop measurements up to
3500C

- Thermal efficiency determinations

- Degradation analysis after test
examination and evaluation.

§ Laboratory for testing porous

Associated Capacities / Test Benches / ) -
materials under extreme conditions

Equipment: ) ;
of irradiated flux and temperature
(Madrid)
- 4 kW solar Simulator
- Tests bench
Service Name: CRS Prototype Receiver Evaluation (CTAER)

Availability at Partner: CTAER

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
§ Real operating conditions test of § Report of operating behaviour.
receiver prototypes. # Summary of thermodynamic key
§ Measurement of convective losses by parameters and system
turning the receiver at different angles performances.
to the wind. # Report describing the convective

losses at different wind incidence
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angle and intensity

¥ Variable Geometry Solar test facility

Associated Capacities / Test Benches / .
for Solar Central Receivers

Equipment:

2.4 Available Services on Heat Transfer Fluids

The heat transfer fluids (HTF) currently incorporated in the STE plants or considered viable are
synthetic oils, molten salts mixtures (of nitrates, etc.), water-steam, and pressurized gases.

Actual challenges for HTF for CST are the identification of fluids that can operate over a wider
range of temperatures than current power plants HT F.0 s

The fluids need to have good thermo physical characteristics (in the required temperature range),
show stability when in contact with solar loop materials (fluids must be compatible with the
containment materials, storage media), and should have a projected economical pathway to
manufacture. Available services on heat transfer fluids are mainly aimed to verify these requirements
and to identify new fluids by providing experimental and modeling services.

Qualification HTF based on particles (CIEMAT-
PSA)

Service Name:

Availability at Partner: (NDY)

Available as EU_SOLARIS (Yes/No): (NDY)
Method: Deliverables:
g Minimum Fluidization velocity ¥ Report on Results
characterization,

g Particles sizes density measurement,

Associated Capacities / Test Benches/ 2?7
Equipment:

Characterization of HTF thermal properties
(GUNAM)

Service Name:

Availability at Partner: GUNAM
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