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4.1 Final publishable summary report 

 

4.1.1 Executive summary 

Concentrated solar energy is a very promising renewable source of energy. Solar resource in the 

Mediterranean countries of the EU and in North Africa is huge. The best known application so far is 

bulk electricity generation through thermodynamic cycles, but other applications have also been 

demonstrated, such as production of hydrogen and solar fuels, water treatment and research in 

advanced materials. 

Europe is a leader in research and development of this technology. Most of the large R&D 

infrastructures are European and our industry is leading the way in its commercial deployment, now 

in proposal. Five of them, CIEMAT-PSA, DLR, CNRS-PROMES, ETHZ and PSI were already part 

of a virtual laboratory consortium known as SolLAB (Alliance of European Laboratories for 

Research and Technology on Solar Concentrating Systems), which has initiated several networking 

activities since its creation in 2004. ENEA and WEIZMANN join the SFERA consortium, thus 

looking to consolidate a partnership as the reference European Solar Research Laboratory. 

The activities carried out during the execution of SFERA project are: 

- Networking: It has been created a stable Framework for co-operation in which resources are 

shared, common standards developed, duplication of research effort is avoided and 

interaction with European research, education and industry is encouraged. 

- Transnational access: Doors of the most relevant R&D infrastructures has been opened to 

interested users, optimizing the use of the facilities and creating critical mass for new 

research initiatives. 

- Joint Research: It has been achieved the development of common standards and procedures 

for better consortium performance and development of advanced instrumentation and new RI 

thus improving the services offered to the user community. 

 

4.1.2 Summary description of project context and objectives 

Context 

To achieve a secure and sustainable energy supply, and in view of growing climate change concerns, 

the EU has taken on the role of Kyoto protocol promoter and set out ambitious goals to achieve a 

large share of renewable energy in the European market. 

The challenging European policy goals for non‐nuclear energy are for the renewable energy 

contribution to triple up to 20% of primary energy by 2020. 

Concentrated solar energy is a very promising renewable source of energy. The best known 

application so far is bulk electricity generation through thermodynamic cycles, but other applications 



have also been demonstrated, such as production of hydrogen and solar fuels, water treatment and 

research in advanced materials. 

Europe is a leader in research and development of this technology. Most of the large R&D 

infrastructures are European and our industry is leading the way in its commercial deployment, now 

in proposal. Five of them, CIEMAT-PSA, DLR, PROMES‐CNRS, ETHZ and PSI-STL were already 

part of a virtual laboratory consortium known as “SolLAB Alliance”, which has initiated several 

networking activities since its creation in 2004. ENEA and WEIZMANN now join the SFERA 

consortium, thus looking to consolidate a partnership as the reference European Solar Research 

Laboratory. 

 

Objectives 

In view of this challenge for research, development and application of concentrating solar systems 

involving a growing number of European industries and utilities in global business opportunities, the 

purpose of this project has been the integration, coordination and further focus scientific 

collaboration among the leading European research institutions in solar concentrating systems that 

are the partners of this project and offer European research and industry access to the best‐qualified 

research and test infrastructures. 

Through co‐ordinated integration of their complementary strengths, efforts and resources, progress 

has been made more effective by: 

Increasing the scientific and technological knowledge based in the field of concentrating solar 

systems in both depth and breadth. 

Providing and improving the research tools best‐suited for the scientific and technologic community 

in this field. 

Increasing general awareness and especially of the scientific community in the possible applications 

of concentrated solar energy, including creation of new synergies with other scientific disciplines 

(e.g., materials treatment, chemistry, physics, etc.). 

The overall goal of these efforts have been creating a unified virtual European Laboratory for 

Concentrating Solar Systems, easily accessible to interested researchers, and thus serving as the 

structural nucleus for growing demand in this field in the developing European Research Area. 

Such a European Solar Lab could also contribute to a sustainable secure European energy supply and 

to affirm basis for global competitiveness of European technology suppliers in this field, with strong 

prospects of growing worldwide markets in the coming decades. 

The development of solar energy, in particular using concentrating systems, has a European 

dimension that requires a strong  alliance of European research teams in order to enhance their 

research efficiency and technology development (Ref. Ares (2011)1343026 - 12/12/2011). 

 



4.1.3 Description of the main S&T results/foregrounds 

 
Expert working groups and round tables  

The objectives were to establish working groups for experts and round tables to facilitate:  

- The development of CSP standards for qualification of CSP components and plants  

- The development and publication of specifications and/or standards in a standardization 

approach driven by demand 

- The initiation of process for development of an European CSP Standard 

- The dissemination of standardization activities and new CSP standard 

For this purpose, experts of Sfera participants joined in three working groups between 2009 and 2011 

to analyse the current state of technological specifications for standard development and certification 

procedures and define and coordinate further technical development. The status, gaps and further 

work programme has been identified. 

A document on standardization activities has been developed in regards to the approach SFERA 

should have on CSP standardization. Already existing initiatives on this have already started and the 

first step was to analyze where SFERA was supposed to be positioned in regards to international 

initiatives. The analysis has been really useful by explaining how standardization is organized on the 

International, European and national levels, with focus on solar applications in general and on 

concentrated solar power. This has put awareness on all the participants that standards were urgently 

needed for CSP. This has also put forward the need for collaborations between the partners to 

actively be involved in other international standardization activities. 

 

Exchange of personnel for harmonization of procedures 

‘Exchange of Best Practices for Harmonization of Working Methodologies’ aimed at creating a more 

efficient consortium performance. It focuses more specifically on strengthening relationships within 

the consortium, thus creating a culture of co-operation, through short stays of personnel in others’ 

labs. It is an attempt to get workers to acquire a global philosophy and attitude with respect to the 

whole set of SFERA infrastructures.  

For this objective, exchange of personnel was planned between the partners in order to share know-

how, participate in common R&D activities and to promote common technical and management 

methods. These activities are crucial to carry on unified/coherent CSP activities and improve the 

services to the users at the different facilities. 

During the course of the project, there has been the mobility of three personnel: 

- One personnel from CIEMAT hosted by DLR – 3 months 

Topic: The conceptual design of a high temperature molten salt test loop 

- One personnel from CIEMAt hosted by ENEA – 1 week 



Topic: Acquiring experience on experimental work on thermal storage system (TES) with integrated 

steam generator 

- One final year PhD student from CIEMAT hosted by DLR – 3 months 

Topic: Developing of a numerical model capable to describe the flow and heat transfer in graded 

ceramic foams, foreseen to be used as a receiver in a solar furnace to generate high temperatures for 

process heat applications. 

 

 

Improve quality of testing services at R&D infrastructures for CSP 

Standardized evaluation of the performance of CSP plants: one more step toward 
standardized testings 
 
Within WP12 in JRA, partners have delivered two technical references to help the on-going 

standardisation European and international efforts towards rules for performance evaluation of CSP 

facilities. Such rules will be required for a mature market where a plant buyer and his investors must 

be sure of the performance of the product delivered by the plant designer. 

The first report is a catalogue with definitions of the main parameters required for CSP components 

evaluation: SFERA deliverable D12.1. 

The second report describes specific issues or methods for each technology and covers 15 

measurement techniques to actually conduct CSP performance testing. This 131 pages long report 

will help any CSP new operator to evaluate the actual performance of a trough, a tower, a dish or a 

solar furnace, from the solar collection to the thermal conversion loop to produce electricity or 

chemical solar fuels. This report is titled “Proposal for a standard procedure titles “Guidelines for 

testing of CSP components”: SFERA deliverable D12.4. 

 



Improved estimation of the concentrated solar power of CSP facilities: greater 
accuracy and better consistency 
 
Users of the concentrating solar facilities require having an accurate and extensive knowledge of the 

energy distribution of the concentrated solar energy: this is gathered as solar flux characterisation. 

The choice of the best process to exploit this energy technically depends on this flux characterisation. 

Different techniques exist to characterise the concentrated solar flux: direct methods with local 

sensors, indirect methods using calibrated camera and lambertian targets, computer based methods 

such as ray tracing techniques. All these techniques have strengths and weaknesses that make them 

collectively suitable for any technology or measurement objective. However, the consistency of the 

measures between techniques must be guaranteed: SFERA project has contributed to this objective 

thanks to the upgrade or the development of measurement systems and to their inter-comparison (see 

figure 1). Further steps will be conducted with the next flux intercomps planned in SFERA II project. 

Current work state has been presented at the conference SolarPaces 2013 and can be found in the 

SFERA deliverables D12.8 and D12.13. 

 
Figure 1. Concentrated solar flux measurements improvements: SFERA allowed the upgrade or the 

development of flux sensors and their acquisition system (calorimeters, heat flux sensors, cameras…) 

and allowed a flux inter-comparison campaign at the MWSF Odeillo. 

 

Temperature measurements methods: one novel idea and several performance 
upgrades 
 

Measuring the surface temperature of components under concentrated solar radiation is a tricky topic 

that requires dedicated equipment and dedicated methods. 



A new method has been proposed, named double modulation technique, which addresses issues for 

both solar simulators and solar plants. Initial testing has been made and it will be the subject of a 

whole work package in SFERA II for further developing and testing this method. In addition, 

existing equipment have been upgraded and further tested, such as IR cameras and pyrometers. 

Details on these activities and on surface optical characterisation can be found in reviewed 

publications notably [Alxneit, I. (2011) Measuring temperatures in a high concentration solar 

simulator – Demonstration of the principle. Solar Energy, 85(3), 516–522] and SFERA deliverables 

D12.5, D12.7, D12.11 and D12.12. 

 

Better knowledge of solar simulators: better extrapolation of R&D results to CSP 
plants 
 
High flux solar simulators are versatile facilities for R&D of new solar processes. An excellent 

knowledge of their characteristics is required in order to exploit their capacity and extrapolate the 

performance of the tested processes to future industrial solar plants. WP12 within JRA has notably 

contributed in this field by allowing the characterisation and the improved control of the PSI and 

DLR high flux solar simulators focal spot. For example, detailed spectral measures have allowed 

developing and validating a mathematical correction for solar simulators flux measurements with a 

camera (see figure 2). The results have been reported in the SFERA deliverable D12.5: “Solar 

Simulator Evaluation report” and covers 3 topics: flux characterisation, flux homogenisation, special 

issues of solar simulators such as lamp ageing or temperature measurements. 

 
Figure 2. Comparison between the solar spectrum and the spectra of the two solar simulators PSI 

and DLR. 

 

Virtual simulators for future users: preparing the training for the CSP market actors 
 
With a promised important market of CSP plants such as found in AEIA scenarios, it is necessary to 

develop suitable tools and methods for the training of the future operators of the plants. WP12 within 

JRA has developed components for such software. 



The first type of developed components was optical models in order to determine the thermal output 

of the solar plant to the process converting energy to electricity. The second type of developed 

components was advanced thermal models to accurately simulate the behaviour of solar plants such 

as Parabolic Trough Collectors plant with a molten salts loop when knowing the thermal input as 

delivered by the first components. The third and last type of developed components was virtual 3D 

simulation of a plant, in this case a R&D solar furnace. 

Refer to SFERA deliverables D12.2, D12.3, D12.6 and D12.9 for more details, which correspond to 

both reports and these components as individual software. 

 

Improving the capabilities to achieve ultra-high concentration in CSP facilities 

The first milestone planned in WP13 was the development and analysis of the SFERA sunshape 

measurement system. The system consists of the SAM instrument, a sun photometer and post-

processing software. The SAM instrument only measures the spectral radiance within the sun disk 

and from approx. 0.5° to 7° and it is therefore not a complete sunshape measurement system. One of 

the tasks of the post-processing software is to transform the spectral information to broadband 

sunshapes that are required for CSP applications. This step involves radiative transfer calculations 

based on sun photometric measurements. The overall uncertainty of the SFERA system is a 

significant improvement compared to previous measurement systems, e.g. the former DLR sunshape 

camera. 

In order to define the impact of the sunshape on the performance of tower plants and simultaneously 

validate the ray-tracing tools, simulated flux density distribution of single heliostats focused on a 

target surface of the tower was compared to the flux measured with a CCD camera. The heliostats 

used for the analysis were measured with deflectometry. The simulation with the DLR software 

STRAL and the flux measurement showed good agreement. Hence, ray-tracing tool STRAL and its 

sunshape module have been validated. 

CNRS-PROMES investigated the impact of the sunshape on the performance of solar furnaces. 

Several measurement campaigns at a 2 MSSF (Medium Size Solar Furnaces) with a water 

calorimeter have been conducted in order to determine how high CSRs lead to lower intercept. 

A method was developed to provide information about the sunshape on a global scale utilizing 

geostationary satellites. Measurements of the satellites of the Meteosat Second Generation (MSG) 

series were used. The method to derive the circumsolar radiation comprises of two steps. First the 

particle size and optical depth of the cirrus clouds are determined using the algorithm for the 

Physical Investigation of Clouds with SEVIRI (APICS). Then a parameterization is applied to 

convert these parameters into circumsolar radiation. This parameterization was developed using 

simulations of the sunshape with the radiative transfer model MYSTIC. It was decided to use COCS 

(algorithm for Cloud Optical properties derived from CALIOP and SEVIRI) as a cloud mask for 

APICS. The effect of the surface properties on the sunshape was investigated. The algorithm was 

validated for cirrus clouds using the ground data from the SFERA measurement system. 



One and a half years of measurements with the SFERA system from CIEMAT-PSA were evaluated. 

Not only the SFERA partner CNRS-PROMES, but also Masdar Institute installed a replica of the 

SFERA system and provided approximately one year of measurements for WP13-T1. CSR 

histograms and average sunshapes were created for the two sites. The measurements from the two 

SFERA systems from CIEMAT-PSA and Masdar Institute were also used for ray-tracing studies for 

exemplary CSP plants. EuroTrough plants and tower plants were modelled at CIEMAT-PSA and 

Masdar Institute in SPRAY. Significant errors occurred when calculating with so-called standard 

sunshapes instead of measurements for the instantaneous received power and also for the daily and 

the yearly heat that is provided to the power block. Ray-tracing with a disk sunshape leads to 

overestimation of the yearly yield for both sites and both technologies compared to the sunshape time 

series. Overestimation of 1.8 % was obtained for the tower at CIEMAT-PSA and 3.8 % for Masdar 

Institute. Even for the troughs the overestimation was noticeable when calculating with the disk 

sunshapes. A remarkable overestimation was also found for the tower plant at Masdar when 

calculating with existing average sunshapes as the SSS (standard solar scan) or the sunshape 

DLRMean. The overestimation was 1.3 % for DLRMean and 2 % for the SSS. For the tower at 

CIEMAT-PSA, calculating with the average sunshapes results in relatively small deviations. 

The deviations of the yearly yield for the trough in Masdar were smaller than for the tower. The SSS 

results nearly in the same yearly yield as the sunshape measurements and DLRMean caused 

overestimation of about 0.4 %. 

Based on the ray-tracing results, parameters for the description of the effect of circumsolar radiation 

on the exemplary plants were studied. The CSR and also the circumsolar contribution are possible 

parameters for simple models for the description of the circumsolar radiation on the efficiency of 

CSP plants. When restricting the analysis to a small range of incidence angles or solar positions, a 

linear relation between the intercept factor and these parameters was found. 

Also, the commercially available Black Photon Instruments CSR460 sensor was also investigated in 

SFERA WP13-T1. The system consists of two pyrheliometers with different field of view. The 

relative deviations between the two pyrheliometers agree well with the relative deviations expected 

from the SFERA measurements. 

Different sunshape measurement methods are now available and can provide information for CSP 

projects and research. 

Regarding task 2 of WP13, one target was stated on the development of software and procedures to 

optimally design the secondary concentrator optics in combination with a heliostat field. Both 

classical tower configurations as beam-down concepts have been regarded. Especially for the optical 

design of the secondary concentrator, a software tool using a novel approach based on non-uniform 

rational Bézier-splines (NURBS) was written. By a demonstration it is proved that with this 

methodology it is possible to fine-tune the geometry of a secondary concentrator (or any other optical 

device) to the needs of a given special application by varying a sufficiently small number of 

parameters. Additionally, a generic dimensioning software application has been developed: 

“VersaDim”. Its design aim was to deliver a “versatile dimensioning” application that would 

specialize on providing the necessary numerical routines for extreme value finding and rely on 

separate applications to determine cost function values. Using VersaDim, a NURBS-based secondary 



concentrator has been adapted to a receiver, trying to maximize the estimated annual yield. It has 

been found that in this special case, the new NURBS-based concentrator works better than a 

traditional CPC (compound parabolic concentrator). 

The second target of WP13, task 2, was the examination of materials which are actually used or 

which are candidates for future secondary concentrators. Extensive accelerated ageing tests in 

different laboratory chambers and consecutive examinations of the sample reflectance were 

performed. Part of the samples was radiated in a solar furnace and its behaviour under concentrated 

solar radiation was documented. Additionally, a naturally weathered secondary concentrator was 

examined and its degradation mechanisms documented. 

Further information can be found in the periodic reports and deliverable reports. 

 

Infrastructure improvements to perform durability predictions of CSP 

components by accelerated aging 

The solar spectrum is mainly in the visible spectral range and has a penetration depth of  about 20-

50 nm in many metals and opaque materials Thus highly concentrated solar beams  are ideally suited 

for surface heating and/or to provide a controllable mean of delivering large flux densities to solid 

surfaces, where the resulting thermal energy can cause phase changes, atomic migrations, and 

chemical reactions on a surface without greatly perturbing the bulk properties; alternatively, the 

photons may directly interact with species on the surface (as black and/or selective coatings, catalytic 

coatings, etc.). 

The degradation mechanisms of CSP receivers depend on three main factors: 

1. The material selection (with its chemical, mechanical, thermal and optical characteristics), 

2. The cooling media selection (with its chemical and thermal properties affecting the material 

corrosion and thermal stress), and 

3. The operational conditions (in temperature, concentrated solar flux and cycling), which 

determines the stress in operation. 

The combination of the three selections is associated to a degradation mechanism (mainly corrosion 

and fatigue). Corrosion usually implies the oxidation of the material and typically a loss of material 

and structural properties. 

On the other hand, fatigue is the progressive and localized structural damage that occurs when a 

material is subjected to cyclic loading. The maximum stress values are less than the ultimate tensile 

stress limit, and may be below the yield stress limit of the material. Fatigue is strongly associated to 

the concentrated solar technologies where the daily and cloudy transients may cause fatigue failures.  

For materials exposed to highly concentrated and transient solar radiation the degradation of their 

thermo-physical properties may be quite different than with equivalent thermally aged regular 

materials. This results from the predominantly superficial effect of concentrated solar radiation. The 



differences or similarities between these two types of degradations (solar vs. thermal) are rather 

unknown and the adaptation of the existing concentrating solar facilities to facilitate testing with 

controlled solar and/or temperature cycles, allow both to give answer to this question and to facilitate 

the selection of the most durable materials for a certain application and operational conditions, 

among a set of candidate materials. WP14 work was divided on two different tasks concerning 

refurnishing of existing infrastructures for durability tests of materials and accelerated aging; and 

development of methodologies for material testing under concentrated solar radiation. 

At the beginning of the project some improvements have been made on different facilities at the 

Solar Furnaces of CIEMAT-PSA and CNRS-PROMES to prepare test beds for performing thermal 

cycling of materials and durability test. Main achievements of this face of the project have been: 

 CNRS-PROMES 

◦ A novel solar aging facility (SAAF, see figure 3) has been developed to perform cyclic 

irradiance expositions on any material in order to stimulate the aging mechanisms and 

accelerate them. This facility has been designed by mean of a numerical model to 

determine the optimal conditions to age the material. It uses a 2-meter-diameter solar 

furnace which can concentrate the solar radiation up to 16000 times. 

◦ Design and installation of SESAME and SHADEOK shutters, the latest generation being 

deployed, offer high moving speeds (in standard ~700 ms for 0 to 100 % concentrator's 

thermal power output with a possibility to go faster depending on request and study) with 

high accuracy (about 0.5 % repeatability) and very low dead shadow (below 1% of power 

intercepted). 

 CIEMAT-PSA: 

◦ Development of porous characterization Lab specially designed to study new volumetric 

absorbers and configurations, materials, and storage solutions (see figure 4). 

◦ Refurnishing of the DISTAL-II control System: 

▪ Installing a new PLC that, on one hand, takes the control of the dish movement to 

follow the sun over a day and, on the other hand, intercommunicate with the control 

of the experiment to focus or defocus the dish following the test requirements. 

▪ New azimuthal and elevation motors have been installed on the dishes 

▪ New Dish movement control system 

◦ New test benches for tube type and volumetric receiver materials testing. 



 

 

Figure 3. SAAF facility at CNRS-PROMES 

solar furnace. 

Figure 4. Test Bench for tube type material 

testing. 

 

Second half of the project was devoted to perform durability tests on both, coated and uncoated 

nickel based alloy 625 selected materials in facilities at CNRS-PROMES and CIEMAT-PSA, as well 

as thermal chocking of SiC ceramic volumetric receivers (see figure 5). 

From the test results of Task II preliminary guidelines to test several solar absorber materials can be 

extracted. However, the development of accurate service life time prediction models is a complex 

task that requires a systematic comparison of naturally aged and accelerated aged material samples. 

Oftentimes the run-time and operating conditions of materials used in the field are unknown, which 

makes it hard to derive reliable correlations to the accelerated testing results. Future work is needed 

in order to validate the preliminary guidelines. Service life time of materials exposed to the operating 

conditions of solar power plants depends on many environmental parameters. In order to determine 

simplified accelerated aging tests, each parameter needs to be separated and studied independently. 

That way, a set of relevant parameters can be identified and a suited test to accelerate specific failure 

modes can be designed. 

 

Methodology for testing, assessment and characterisation of storage 

technologies and materials 

Characterisation of different storage systems 
 
This task was completed in 2010, in accordance with the Project Work Plan, and the results were 

summarized in the R15.1 Report on the Methodology to Characterize Various Types of Thermal 

Storage Systems (Deliverable 15.1, issued: July 2010). This report examines the-state-of-the-art solar 

thermal storage concepts for electric power generation with a special focus on such characteristics 

categories as thermodynamics, storage medium properties, heat transfer capability and thermal 



efficiency, chemical stability and compatibility of materials, design and operational issues. It also 

includes a statistical analysis of storage operational parameters throughout an annual operating cycle, 

which shows that in the nominal capacity range of several full load operating hours the storage 

operation is strongly influenced by daily solar power conditions and its performance appears 

considerably less efficient in the low-sun season (winter) than in the high-sun season (summer). A 

certain improvement of the thermal storage efficiency in terms of the annual solar capacity factor can 

be achieved by increasing the solar multiple that however cause some few percent of solar energy to 

be unutilized or redirected to an auxiliary purpose. This report can assist the other WP-15 Tasks in 

developing the methodologies for standardized testing, evaluation and assessment of different energy 

storage materials and systems. 

 

  

 
Figure 5. Evolution of coating absorptance after tests and microstructure evolution of alloy 625 after 

thermal radiation exposure. 

 



Methodology and definition of standardised testing procedures 
 
Within this task the first approach at international level to define appropriate testing procedures for 

commissioning thermal storage prototypes, either using sensible or latent heat, designed for solar 

thermal plants have been defined
2
. 

The testing procedures proposed in this task and presented in deliverable 15.2 are the result of the 

know-how on testing TES prototypes of the different partners involved in the SFERA project WP15 

Task 2. The terminology proposed is coherent with the discussions currently ongoing at the Spanish 

Organization for Standardization (AENOR). This AENOR committee launched a proposal in January 

2011 to the International Electrotechnical Commission (IEC) for creating an international committee 

to draft standards in the field of solar thermal power plants in which thermal storage will be included. 

The recently created Technical Committee TC-117 started its activities on March 2012. However, 

while standardization bodies consider thermal storage as a solar thermal electricity (STE) plant 

component, the activities of this task are focused on thermal storage prototypes so their specific 

features are taken into account.  

The first activity within this task was the definition of all relevant parameters characterizing thermal 

energy storage systems such as: 

 

 Charging time 

 Discharging time 

 Charging power  

 Discharging power 

 Mean thermal power 

 Storage capacity 

 Storage level 

 Stored energy 

 Thermal losses 

 Idle thermal losses 

 Thermal efficiency 

 

For all of these parameters precise rules for the experimental determination have been defined, 

applicable to all relevant kinds of thermal energy storage systems. As mentioned above deliverable 

15.2 has meanwhile served as a basic document for the international standardization activities in the 

present technical committee TC-117 of the IEC. 

 

Methodology to characterize storage materials 
 
In thermal energy storage (TES) units, the energy can be stored by mean of various kinds of physical 

phenomena involving thermal effects: sensible heat, latent heat, adsorption, absorption, thermo-

                                                            
2 Thermochemical storage and buffer storage (i. e. those intended to protect the components of the power plant from the effects of high 

thermal transients resulting from sudden variations in solar insolation) are out of the scope of this report, because the first one is still at 

its infancy, seeming too early for an attempt of standardizing its testing procedures, and the second one has operational characteristics 

(short reaction times, high discharge rates and thermal capacities shorter than 1 hour) that require different specific procedures. 



chemical reactions. In the practical field of Concentrated Solar Power (CSP), current industrial TES 

units are based upon sensible heat using liquid phase materials (such as molten salts) or solid phase 

materials at high temperatures (such as refractory ceramics). Major efforts are made to develop 

liquid-solid latent heat TES highlighted by today by recent pilot scale experiments. The aim of this 

task was to gather the various aspects related to the properties of TES materials. According to the 

above considerations, the work has been focused on sensible and latent heat TES materials only. 

Conventional currently considered properties such as density or thermal capacity are taken into 

consideration but not only at room temperature but considering the whole temperature range under 

operation. Other properties, which are usually not considered despite their real importance, such as 

thermo-mechanical behaviour or the fatigue of the material under thermal cycling are also included 

and have been especially studied. A particular attention has been also given to porous materials with 

a specific devoted chapter. 

Within the project all relevant properties of state-of-the-art storage materials have been identified. 

For all these parameters appropriate measurement techniques have been identified and described. 

The specific requirements for the application for thermal energy storage materials are outlined and 

described in detail in deliverable 15.3. 

 

New Measurement System for PCM storage 
 
In the frame of Task 4/WP15, a lab-scale setup based upon the “electric resistance approach” has 

been developed and put into operation to measure the charging/discharging status of a phase change 

material (PCM) storage system. PCM storage systems are favourable for direct steam generation 

(DSG) plants. At the moment, temperature sensors detect the charging/discharging status of these 

systems. However, during charging/discharging the system has a temperature plateau and is 

isothermal. For this reason, the charging status, defined as the ratio of the mass fraction of liquid 

PCM to the total PCM mass, cannot be detected directly. As a consequence, WP15 Task 4 aimed to 

identify alternative parameters and methods to determine the charging status of PCM storage 

systems. 

For high-temperature PCM systems, other sensor systems than temperature sensors have not been 

previously considered. Hence, work reported under SFERA project outlines an overview and 

classification of alternative methods. Existing alternative PCM measurement methods in the low 

temperature range are reviewed (e.g., ice storage). The adaptation of these methods to the high 

temperature range is assessed. Intrinsic properties, such as optical transparency, electric resistance 

and density, of high-temperature PCM (anhydrous salts) are evaluated. The selected alternative 

measurement approach detects differences between the solid and liquid phase of the PCM in terms of 

the electrical resistivity and the filling level due to density changes. One major challenge of this 

approach is the electrode design in the high-temperature environment. Lab-scale tests with several 

different electrodes have been performed. 

Within the project a novel electrode was developed (patent pending, see figure 5). The design allows 

for the integration of the electrode in a PCM storage system. For the electric resistance approach 

suitable measurement parameters (e.g., frequency, voltage) were identified. Within the project, a 



signal generation and data acquisition unit was developed. Also, a graphical user interface within the 

control software of the PCM-storage was programmed. A lab-scale experimental setup clearly 

demonstrated differences in the electrical conductivity of several orders of a magnitude between the 

solid and the liquid phases of high-temperature PCMs. The feasibility of the detection of the 

charging/discharging status on larger-scale systems was proved. Measurements with electrodes on a 

prototype storage system with about 160 kg PCM demonstrated the approach. 

 

 
Figure 6. Photograph of novel high-temperature electrode. 

 

Another major task was the integration of the alternative PCM measurement method with several 

electrodes in an existing prototype latent heat storage system. A customized electronic circuit 

included sinus signal generation, signal processing, multiplexing of electrodes and data acquisition 

was designed. This design not only included hardware, but also some major software developments. 

We tested the alternative PCM measurement method using several electrodes in a PCM-prototype 

storage system with thermal oil as a heat transfer fluid and sodium nitrate with a melting temperature 

of 306 °C as a PCM. Measurements with the signal generation and data acquisition unit and the PCM 

prototype storage system clearly demonstrated the feasibility to detect the charging/discharging 

status with the alternative PCM measurement method. 

 

Methodology for evaluation and assessment of different energy storage technologies 
 
Thermal energy storage (TES) is a key technology for renewable energy utilization and the 

improvement of the energy efficiency of heat processes. Especially for concentrated solar thermal 

power plants (CSP plants), TES is essential, because it makes power produced by CSP plants 

dispatchable. In the medium to high temperature range (100 - 1000 °C), only limited storage 

technology is commercially available, being a 2-Tank molten salt storage and steam accumulators. 

However, various new storage technologies are currently under development for the very specific 

requirements of the different applications [Laing, D., Steinmann, W. D., Tamme, R., Wörner, A., 



Zunft, S. (2012) Advances in thermal energy storage development at the German Aerospace Center 

(DLR). Energy Storage Science and Technology, 1, 13-25; Gil, A., Medrano, M., Martorell, I., 

Lázaro, A., Dolado, P., Zalba, B., Cabeza, L. F. (2010) State of the art on high temperature thermal 

energy storage for power generation. Part 1 - Concepts, materials and modellization. Renewable and 

Sustainable Energy Reviews, 14(1), 31-55, Medrano, M., Gil, A., Martorell, I., Potau, X., Cabeza, L. 

F. (2010) State of the art on high-temperature thermal energy storage for power generation. Part 2 - 

Case studies. Renewable and Sustainable Energy Reviews, 14(1), 56-72]. The aim is the development 

of cost effective, efficient and reliable thermal storage systems, adapted to the applied heat transfer 

fluid and the required temperature range of the CSP plant (see Table 1). 

Table 1. Heat transfer fluids with typical operation ranges 

HTF 
Max. temperature 

[°C] 

Pressure range 

[bar] 

Synthetic oil 400 15 – 40 

Water/steam 800 30 – 160 

Molten salt 560 1 

Air 1000 1 - 15 

 

In the evaluation and assessment conducted within SFERA the storage systems listed in Table 2 and 

their combinations are addressed. However, not every storage system can be used in combination 

with each HTF. For this reasons certain knowledge of the systems is needed. The objective of the 

web-application tool developed is to give the respective user the possibility to check out which 

storage systems are feasible for the specific application and to give some hints about the strength and 

weakness of the specific systems concerning different evaluation parameters. 

Table 2. Storage systems included 

Storage System TMax [°C] TMin [°C] 

2-Tank Molten Salt (indirect) 560 270 

2-Tank Molten Salt (direct) 560 270 

Thermocline (indirect) 400 270 

Thermocline (direct) 560 270 

Concrete  500 20 

Cell Flux 800 20 

Packed Bed 1000 20 

PCM 350 20 

Steam Accumulator 300 100 

 

Of course this list cannot cover all storage concepts currently under development, so it is only a 

selection. For example, to date, thermochemical storage has not been included in this evaluation, due 

to the minor state of maturity, however, development is progressing and for future systems this 

technology shows high potential. 



As output the program gives suggestions of different storage systems for the parameters provided by 

the user. Within the program the storage systems are evaluated in two ways: 

- Qualitative evaluation. 

- Quantitative evaluation. 

Qualitative evaluation 

In this case the user will get an evaluation table with all suggested storage systems. Each system is 

evaluated by different criteria, such as:  

- Storage density. 

- Constancy (temperature, pressure). 

- Technical maturity. 

- Local share. 

The evaluation system is carried out as follows: 

Table 3. Evaluation system. 

Criteria Sign Evaluation 

Storage density 

+ Storage density > 80 kWh/m³ 

o 40 kWh/m³ <= Storage density <= 80 kWh/m³ 

- Storage density < 40 kWh/m³ 

Constancy (temp., pressure) 

+ Temperature and pressure constant 

o Pressure or temperature decreases 

- Pressure and temperature decreases 

Technical maturity 

+ Commercial 

o Prototype 

- Labscale 

Local share 

+ Well feasible with local possibilities 

o feasible with local possibilities 

- Not good feasible with local possibilities 

 

From every qualitative evaluated storage system the user can get more detailed information from a 

table. Such as: 

- System schematic. 

- Additional information as far as available. 

Quantitative evaluation 

For this evaluation the user is able to choose between a result related to the storage material volume 

in kWh/m³ and a result in related to the storage material mass in kWh/t. Figure 6 shows an example. 



 
Figure 7. Exemplary result in kWh/m³ 

 

4.1.4 Potential impact, main dissemination activities and exploitation of results 

 

Development of SFERA project has involved three principal activities: Networking, Trans-national 

Access and Joint Research Activities. Each one has shown a potential impact according to the final 

results achieved. 

Networking activities has involved not only the organization of international conferences on CSP 

technology which addressed a global audience; but also training courses and schools’ attaining the 

creation of a common training framework, providing regularized, unified training of young 

researchers in the capabilities and operation of concentrating solar facilities. 

Joint Research Activities have achieved a common level of high scientific quality and service 

through a synergistic approach. During the consecution of SFERA project it has been generated an 

up-to-now no existing European identity for Research on Concentrating Solar Technologies. 

Scientific and technological excellence have been strengthened due to an envisaged harmonization 

and the most effective use of large-scale infrastructures, as well as the establishment of virtual 

working groups and an extended dissemination strategy. Finally highlighted impact has been 

detected in the identification and integration of further research and possible industry partners as well 

as an obvious long-term commitment of the key partners, which show a significant impact on the 

European Research Area, too. 

Finally, the achievement of Transnational Access activities within the frame of SFERA project has 

unified all European large scale infrastructures and makes them available to European Researchers. 

This ‘open-door’ policy has shown to revert on the benefit of the own research groups and facilities 

themselves, as usually the visiting scientists provide new ideas for solar research and new technical 



possibilities and advances to the well-established operating procedures. They normally come from 

non-solar scientific communities, then stimulating the way of thinking of the facilities’ researchers, 

helping them to identify new possible applications for the solar energy. Access activity have forced 

facilities’ researchers to keep the facilities up and running, optimizing the operating and maintenance 

procedures and, last but not least, enriching culturally as European citizens by sharing our working 

days with people from 27 countries across Europe. 

 

Organization of training courses and schools 

The objectives and impacts of this WP were: 

- To present SFERA solar facilities to potential users including basic knowledge needs for 

preparing a proposal and experimental data interpretation, and  

- To transfer knowledge gained in the project to students as they are researchers and 

practitioners of the future and to engineers from industry. 

These objectives have been reached with the organization of four training courses and schools: 

Date Organizer Topic Participants 

June 2010 PROMES-CNRS Radiation in Solar Systems 33 

March 2011 ETH Solar Fuels & Materials 49 

June 2012 PSA-CIEMAT Solar Thermal Electricity Generation 36 

May 2013 DLR Measurement Tools & Standardization 

Aspects for Concentrating Solar 

technologies 

40 

 

With the SFERA Schools, it has been possible to create a common and rich training framework for 

people external to the SFERA project. In total, 44 lecturers have been involved in the schools. Young 

and senior researchers from the consortium and operating in the field of concentrating solar facilities 

have successfully managed to transfer their knowledge to the public. With the presence of industrials 

in the lecturers, emphasis was given on case studies and practical experience, hence providing a 

practical point of view and creating a culture of innovation. The school has also nurtured the sharing 

of experiences and best practices between the school participants and helped to make new 

collaborations happen. 

 



Internal and external communication: Organization of meetings, workshops 

and conferences 

The main objective of this WP is to organize common meetings and colloquia in order to inform 

SFERA participants of main results, proposals and cooperation domains. Concerning a more general 

audience, the objective is to disseminate results of general interest in the scientific and industrial 

communities, and towards the general public. A key tool for both purposes is the construction and 

maintenance of a web site that contains the main open information about the project and all 

deliverables and documents generated by SFERA. 

 

 

 

The objectives for this WP have been reached thanks to the organization of different communication 

actions. Five conferences have been organized: 

- Three workshops at the largest CSP international conference SolarPACES 

- One exhibition booth at SolarPACES 2013 and one at CSP today Seville Conference which 

gathers the largest European community of industry. The aim was to promote there the results 

among industries in order to boost innovation and the take-up of potential SFERA results. 

 

SolarPACES 2010 France SolarPACES 2012 Morocco CSP Today Seville 2013 

Spain 

SolarPACES 2011 Spain SolarPACES 2013 United States  



 

The three conferences have been a success and 

have certainly attracted new SFERA users for the 

access to the installations. It has informed a wide 

public about the actions performed within the 

project and has had a great attendance rate. The 

SolarPACES conference attracts around 900 

participants each year and for the CSP today 

Seville conference, this is around 400. More 

dissemination has been possible with the 

exhibition booths in 2013. We have edited a 

USB flash drive with all public documents and 

deliverables in order to widely disseminate the 

results of SFERA. 

For internal communication, four doctoral colloquiums have been organized for the PhD students of 

the partners. This action is focused on strengthening the cooperation within the partners of the 

project in order to improve the services to the users. One Colloquium is organized every year in 

order to present the recent results of PhD students preparing their thesis in the various laboratories 

members of the project and to extract from these results what could be useful for improving services 

of solar facilities. The topics approached are Thermal Storage technologies, Solar Fuels, Solar 

Desalination processes, Materials for concentrating technologies, Point focusing systems, Linear 

Focusing systems, and Fundamental research. 

 

2010 PROMES-CNRS 44 PhD Students 

2011 ETH 37 PhD Students 

2012 PSA-CIEMAT 38 PhD Students 

2013 DLR 46 PhD students 

 

 

 

Other actions that have been carried out are the following: 

- Four newsletters (e-publication) to be distributed to users and potential users. 



 

 

- Two SFERA project brochures have been edited as promotional materials: one to provide an 

overview of all SFERA activities and the other one to make the promotion of success stories 

within the Access activities. 

  
 

- An ontology for CSP has been developed to define a common terminology for CSP 

components and systems in order to facilitate Multilanguage search of information. A 

glossary with more than 1000 key words in English and related to CSP has been developed. 

The general aim of WP3 is to increase the public visibility and awareness of SFERA and thanks to 

this WP, it has been a success. Announcements in scientific journals and interviews online have also 

been carried on (SFERA flushes out ground-breaking CSP research). Also, a certain number of peer-

reviewed publications have been published to present the scientific results (see section 4.2). 

All Networking documents are available online as part of the dissemination activities. 

 

Exploitation of results 

During the project developed sunshape measurement methods can be used at many sites in order to 

create a bigger circumsolar radiation data base and to improve the accuracy of CSP plant yield 

predictions and CSP performance evaluation. The investigated systems are already commercially 

available, and their application by thirds already started during the SFERA project. 

Based on the exemplary results for the investigated CSP plants, the effect of circumsolar radiation on 

the plant yield in hazy regions can be estimated roughly. The raw data from the SFERA systems are 

available online and can be used also for other studies - be it for solar energy applications or 

atmospheric science. 

http://social.csptoday.com/technology/sfera-flushes-out-groundbreaking-csp-research
http://sfera.sollab.eu/index.php?page=networking


The correct processing of time series of circumsolar radiation data is now possible with the software 

SPRAY. Together with the now available sunshape measurement systems, this will further improve 

the accuracy of CSP plant yield assessment. 

 

 

Figure 8. SFERA Final meeting and closing conference at PSA 

 

For further information, please visit our website: http://sfera.sollab.eu/ 

 

http://sfera.sollab.eu/
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and 
Sustainable 
Energy 

Vol. 3/Issue 
6 

AIP Publishing 
United 
States 

2011 063107 10.1063/1.3662099 

 

36 Reactions of Ti, V, Nb and Ta 
with N2 Gas at 2000°C under 
Concentrated Solar Beam in 
a Solar Furnace at 
PROMES-CNRS 

Nobumitsu 
Shohoji 

Materials 
Transactions 

Vol. 
52/Issue 4 

Japan Institute of 
Metals (JIM) 

Japan 2011 719-727 10.2320/matertrans.M2010314 

 

37 Influence of Colour Filter on 
Reaction Products from Mo 
and W Heated to 2000°C by 
Concentrated Solar Beam in 

Gilles 
Peraudeau 

Materials 
Transactions 

Vol. 
52/Issue 11 

Japan Institute of 
Metals (JIM) 

Japan 2011 
2083-
2090 

10.2320/matertrans.M2011019 

 

http://dx.doi.org/10.1016/j.solener.2013.05.015
http://dx.doi.org/org/10.1016/j.jmmm.2010.10.043
http://dx.doi.org/10.1088/1742-6596/257/1/012016
http://dx.doi.org/org/10.1016/j.scriptamat.2011.07.033
http://dx.doi.org/10.1063/1.3662099
http://dx.doi.org/10.2320/matertrans.M2010314
http://dx.doi.org/10.2320/matertrans.M2011019
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N2 Gas Environment in a 
Solar Furnace at PROMES-
CNRS 

38 Measuring temperatures in a 
high concentration solar 
simulator – Demonstration of 
the principle 

Ivo Alxneit Solar Energy 
Vol. 
85/Issue 3 

Elsevier Limited 
United 
Kingdom 

2011 516-522 10.1016/j.solener.2010.12.016 

 

39 The luminescent properties 
of persistent strontium 
aluminate phosphor prepared 
by solar induced solid state 
synthesis 

V Liepina 

Materials 
Science and 
Engineering: 
R: Reports 

Vol. 38 Elsevier BV  2012 012045 10.1088/1757-899X/38/1/012045 

 

40 Adjustable Hyperthermia 
Response of Self-Assembled 
Ferromagnetic Fe-MgO 
Core-Shell Nanoparticles by 
Tuning Dipole-Dipole 
Interactions 

Carlos 
Martinez-
Boubeta 

Advanced 
Functional 
Materials 

Vol. 
22/Issue 17 

Wiley-VCH 
Verlag 

Germany 2012 
3737-
3744 

10.1002/adfm.201200307 

 

41 Interaction of highly 
dissociated low pressure 
hydrogen plasma with W-C 
thin film deposits 

Alenka 
Vesel 

Thin Solid 
Films 

Vol. 
520/Issue 7 

Elsevier Netherlands 2012 
2916-
2921 

10.1016/j.tsf.2011.12.049 

 

42 Phase transformation in 
tungsten carbide–cobalt 
composite during high 
temperature treatment in 
microwave hydrogen plasma 

Alenka 
Vesel 

Ceramics 
International 

Vol. 
38/Issue 8 

Elsevier Limited 
United 
Kingdom 

2012 
6107-
6113 

10.1016/j.ceramint.2012.04.058 

 

43 The structural and optical 
properties of ZnO bulk and 
nanocrystals under high 
pressure 

A. 
Duzynska 

High Pressure 
Research 

Vol. 
32/Issue 3 

Taylor and 
Francis Ltd. 

United 
States 

2012 354-363 10.1080/08957959.2012.700308 

 

http://dx.doi.org/org/10.1016/j.solener.2010.12.016
http://dx.doi.org/10.1088/1757-899X/38/1/012045
http://dx.doi.org/10.1002/adfm.201200307
http://dx.doi.org/org/10.1016/j.tsf.2011.12.049
http://dx.doi.org/org/10.1016/j.ceramint.2012.04.058
http://dx.doi.org/10.1080/08957959.2012.700308


 
TABLE A1: LIST OF SCIENTIFIC (PEER REVIEWED) PUBLICATIONS, STARTING WITH THE MOST IMPORTANT ONES 

NO. Title 
Main 

author 

Title of the 
periodical 

or the 
series 

Number, 
date or 

frequency 
Publisher 

Place of 
publication 

Year of 
publication 

Relevant 
pages 

Permanent identifiers3  
(if available) 

Is/Will open 
access4 

provided to 
this 

publication? 

44 
Spectral Characterization of 
PSI’s High-Flux Solar 
Simulator 

Ivo Alxneit , 
Henri 
Schmit 

Journal of 
Solar Energy 
Engineering, 
Transactions 
of the ASME 

Vol. 
134/Issue 1 

American Society 
of Mechanical 
Engineers(ASME) 

United 
States 

2012 011013 10.1115/1.4005249 

 

45 Improvement in solar-
pumped Nd:YAG laser beam 
brightness 

J. Almeida 
, D. Liang , 
E. Guillot 

Optics and 
Laser 
Technology 

Vol. 
44/Issue 7 

Elsevier Limited 
United 
Kingdom 

2012 
2115-
2119 

10.1016/j.optlastec.2012.03.017 

 

46 Error Analysis of the 
Radiative Power Determined 
From Flux Distributions 
Measured With a Camera in 
a Xe Arc Lamp-Based Solar 
Simulator 

Ivo Alxneit 

Journal of 
Solar Energy 
Engineering, 
Transactions 
of the ASME 

Vol. 
134/Issue 4 

American Society 
of Mechanical 
Engineers(ASME) 

United 
States 

2012 044501 10.1115/1.4007493 

 

47 Crystal Grain Morphology 
Evolution over Ti, V, Nb and 
Ta Surface Heated in N2 Gas 
Environment to 2000°C by 
Filtered Concentrated Solar 
Beam in a Solar Furnace at 
PROMES-CNRS 

Fernando 
Almeida 
Costa 
Oliveira 

Materials 
Transactions 

Vol. 
53/Issue 3 

Japan Institute of 
Metals (JIM) 

Japan 2012 537-545 10.2320/matertrans.M2011299 

 

48 Ultra-High Temperature 
Ceramics for solar receivers: 
spectral and high-
temperature emittance 
characterization 

E. Sani 

Journal of the 
European 
Optical 
Society 

Vol. 7 
Institute of 
Physics 
Publishing 

United 
Kingdom 

2012 12052:1-5 10.2971/jeos.2012.12052 

 

49 Suitability of ultra-refractory 
diboride ceramics as 
absorbers for solar energy 
applications 

Diletta Sciti 
Solar Energy 
Materials and 
Solar Cells 

Vol. 109 Elsevier Netherlands 2013 8-16 10.1016/j.solmat.2012.10.004 

 

50 Side-pumped continuous- D. Liang Applied Vol. Springer Verlag Germany 2013 305-311 10.1007/s00340-013-5334-4  

http://dx.doi.org/10.1115/1.4005249
http://dx.doi.org/org/10.1016/j.optlastec.2012.03.017
http://dx.doi.org/10.1115/1.4007493
http://dx.doi.org/10.2320/matertrans.M2011299
http://dx.doi.org/org/10.2971/jeos.2012.12052
http://dx.doi.org/org/10.1016/j.solmat.2012.10.004
http://dx.doi.org/10.1007/s00340-013-5334-4
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wave Cr:Nd:YAG ceramic 
solar laser 

Physics B: 
Lasers and 
Optics 

111/Issue 2 

51 High melting point metals 
welding by concentrated 
solar energy 

A. Romero Solar Energy Vol. 95 Elsevier Limited 
United 
Kingdom 

2013 131-143 10.1016/j.solener.2013.05.019 

 

52 A 40 W cw Nd:YAG solar 
laser pumped through a 
heliostat: a parabolic mirror 
system 

J Almeida Laser Physics 
Vol. 
23/Issue 6 

Maik Nauka-
Interperiodica 
Publishing 

Russian 
Federation 

2013 065801 10.1088/1054-660X/23/6/065801 

 

53 Solar physical vapor 
deposition: A new approach 
for preparing magnesium 
titanate nanopowders. 

I. Apostol 
Applied 
Surface 
Science 

285/A Elsevier  2013 49-55 10.1016/j.apsusc.2013.07.155 

 

http://dx.doi.org/org/10.1016/j.solener.2013.05.019
http://dx.doi.org/10.1088/1054-660X/23/6/065801
http://dx.doi.org/10.1016/j.apsusc.2013.07.155
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1 Conference Alxneit, I. Spectral Characterization 
of Solar Simulators 

20-23 September 
2011 

Granada (Spain) Scientific Community, Industry, 
Other 

1000 World wide 

2 Conference Alxneit, I. Pyrometry in Arc Lamp 
Based Solar Simulators 

11-14 September 
2012 

Marrakesch (Marocco) Scientific Community, Industry, 
Other 

800 World wide 

3 Conference Ballestrin, 
J. 

Two Wavelength Bands 
for IR Thermometry 

20-23 September 
2011 

Granada (Spain) Scientific Community, Industry, 
Other 

1000 World wide 

4 Conference Guillot, E. Comparison of 3 Heat 
Flux Gauges and a Water 
Calorimeter for 
Concentrated Solar 
Irradiance  
Measurement 

2013 Las Vegas (USA) Scientific Community, Industry, 
Other 

800 World wide 

5 PhD thesis Schmit, H. Spatially Resolved 
Spectral Characterization 
of the Focal Region of 
theHFSS 

2011 ETH-Zürich    

6 PhD thesis Esser, K.P. Messtechnische 
Bewertung der UV-Licht 
Anteile an Xenon-
Hochleistungsstrahlern 
mit Berücksichtigung der 
physiologischen Wirkung 

2013 Fachhochschule Köln, Institut 
für Landmaschinentechnik und 
Regenerative Energien 

   

7 Conference Ballestrin, 
J. 

SolarPaces 2010 Perpignan (France) Scientific Community, Industry, 
Other 

800 World wide 

8 PhD thesis Reinhardt, On the retrieval of 2013 Munich, LMU München. Scientific Community (higher - - 

                                                            
5  A drop down list allows choosing the dissemination activity: publications, conferences, workshops, web, press releases, flyers, articles published in the popular press, videos, media 

briefings, presentations, exhibitions, thesis, interviews, films, TV clips, posters, Other. 

6
 A drop down list allows choosing the type of public: Scientific Community (higher education, Research), Industry, Civil Society, Policy makers, Medias, Other ('multiple choices' is 

possible). 



TABLE A2: LIST OF DISSEMINATION ACTIVITIES 

NO. Type of activities5 
Main 

leader 
Title  Date/Period  Place  Type of audience6 

 
 

Size of 
audience 

Countries 
addressed 

B. circumsolar radiation from 
satellite observations and 
weather model output. 
Dissertation 

Retrieved from http://nbn-
resolving.de/urn:nbn:de:bvb:19-
164380 

education, Research) 

9 Workshop presentation 
and openly accessible 
paper at “ES1002: COST 
WIRE Workshop” 

Wilbert, S. Circumsolar Radiation 
and Beam Irradiance 
Measurements for 
Focusing Collectors 

May 22nd-23rd 
2012 

Risö, Denmark Scientific Community (higher 
education, Research), Industry 

60 EU 

10 Presentation at the 12th 
EMS Annual Meeting 
2012 
 

Reinhardt, 
B. 

Circumsolar Radiation - a 
Reason for Solar 
Resource Overestimation 
- Globally Characterized. 

10-14 September 
2012 

Lodz, Poland. Scientific Community (higher 
education, Research), Industry 

50 Mainly EU 

11 Presentation and paper 
at the SolarPACES 
conference 

Wilbert, S. MEASUREMENT OF 
SOLAR RADIANCE 
PROFILES WITH THE 
SUN AND AUREOLE 
MEASUREMENT 
SYSTEM (SAM) 

20-23 September 
2011 

Granada, Spain 
 

Scientific Community (higher 
education, Research), Industry 

50 EU, USA, 
Chile, … 

12 PhD thesis Wilbert, S. Determination of 
Circumsolar Radiation 
and its Effect on 
Concentrating Solar 
Technology 

2014 (to be 
published) 

Rheinisch-Westfälische 
Technische Hochschule 
Aachen 

Scientific Community (higher 
education, Research), Industry 

- - 

13 Presentations at the IEA 
Solar Heating and 
Cooling Task 46 
Workshop on DNI  

Wilbert, S. 1. Application of 
sunshape information for 
Concentrating Solar 
Technologies 
2. Sunshape 
measurements 

23 January 2013 Sophia Antipolis France Scientific Community (higher 
education, Research), Industry 

30 World wide 

14 Presentation at the CPV 
9 conference 

Wilbert, S. Comparison of 
Measurement Techniques 

15-17 April 2013 Miyazaki, Japan Scientific Community (higher 
education, Research), Industry 

200 World wide 
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for the Determination of 
Circumsolar Irradiance 
 

15 Presentation at the 
SFERA Summer school 
2013 

Wilbert, S Sunshape analysis and 
atmospheric influences 

15-16 May 2013 Hornberg, Germany Scientific Community (higher 
education, Research), Industry 

50 EU 

16 Conference Fernández-
García, A. 

Accelerated Aging of 
Solar Reflectors for 
Secondary Concentrators 

11-14 September 
2012 

Marrakech, Morocco Scientific Community (higher 
education, Research), Industry 

100 World wide 

17 Conference Boubault A Study of the thermal 
behavior of an absorber 
material submitted to high 
solar flux to perform 
accelerated aging tests 

20-23 September 
2011 

Granada, Spain Scientific Community, Industry, 
Other 

  

18 Conference Álvarez-de-
Lara, M. 

Degradation of CRA 
Nickel based alloys due 
to exposure to high 
temperature and 
concentrated solar 
radiation 

20-23 September 
2011 

Granada, Spain Scientific Community, Industry, 
Other 

  

19 Conference Boubault A Study of the accelerated 
aging of a two-layer 
material used in high 
concentration solar 
receivers 

13–17 May, 2012 Denver, USA    

20 Conference Setien, E. Experimental System for 
Testing Durability of 
Highly Irradiated Tube 
Type Receivers 

11-14 September 
2012 

Marrakech, Morocco    

21 Conference Álvarez-de-
Lara, M. 

Exposure of CRA Nickel 
based alloys to 

11-14 September 
2012 

Marrakech, Morocco Scientific Community, Industry, 
Other 
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concentrated solar  
radiation and high 
temperature 

22 Conference Setien, E. Alloy 625: Candidate 
material for Central tower 
tube type receivers aging 
evolution analysis 

8-13 September 
2013 

Seville, Spain    
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7
 

Description 
of 

exploitable 
foreground 

Confidential 
Click on 
YES/NO 

Foreseen 
embargo 

date 
dd/mm/yyyy 

Exploitable 
product(s) or 
measure(s) 

Sector(s) of 
application

8
 

Timetable, 
commercial or 
any other use 

Patents or 
other IPR 
exploitation 
(licences) 

Owner & Other 
Beneficiary(s) 
involved 

General 
advancement of 
knowledge, 
Commercial 
exploitation of 
R&D results 

Post 
processing 
software of 
the SFERA 
sunshape 
system 

YES  Software Solar energy Starting 2014 - DLR 

General 
advancement of 
knowledge, 
Commercial 
exploitation of 
R&D results 

Post 
processing 
software for 
the Black 
Photon 
Instruments 
CSR 
sensor 

YES  Software Solar energy Starting 2014 - DLR 

 

Post processing software of the SFERA sunshape system 

This software allows the calculation of broadband sunshapes from the raw measurements of the SAM instrument and the sun photometer. It can 

be exploited by DLR by providing the software to other users of the SAM. Start of the exploitation could be 2014. IPR measures cannot be taken, 

as the functionality of the software is explained already in publications. The impact can be that other users of the SAM as a sunshape 

measurement system can avoid significant personnel efforts for the creation of a similar post-processing software. 

 

 

Post processing software for the Black Photon Instruments CSR sensor 

This software allows the calculation of CSRs and relative deviations from the raw measurements of the Black Photon Instruments CSR sensor. It 

can be exploited by DLR by providing the software to other users of the sensor. Start of the exploitation could be 2014. IPR measures cannot be 

taken, as the functionality of the software is explained already in publications. The impact can be that other users of the Black Photon 

Instruments CSR sensor can avoid significant personnel efforts for the creation of a similar post-processing software. 

                                                            
19 A drop down list allows choosing the type of foreground: General advancement of knowledge, Commercial exploitation of R&D results, Exploitation of R&D results via standards, 

exploitation of results through EU policies, exploitation of results through (social) innovation. 
8 A drop down list allows choosing the type sector (NACE nomenclature) :  http://ec.europa.eu/competition/mergers/cases/index/nace_all.html 

http://ec.europa.eu/competition/mergers/cases/index/nace_all.html


4.3 Report on societal implications 

 
 
 

A General Information (completed automatically when Grant Agreement number is 

entered. 

Grant Agreement Number: 
 
228296 

Title of Project: 
 
Solar Facilities for the European Research Area 

Name and Title of Coordinator: 
 

Dr. Isabel Oller 

B Ethics  

 
1. Did your project undergo an Ethics Review (and/or Screening)? 

 

 If Yes: have you described the progress of compliance with the relevant Ethics 

Review/Screening Requirements in the frame of the periodic/final project reports? 

 

Special Reminder: the progress of compliance with the Ethics Review/Screening Requirements 

should be described in the Period/Final Project Reports under the Section 3.2.2 'Work Progress and 

Achievements' 

 

 

 
No 

2. Please indicate whether your project involved any of the following issues 

(tick box) : 

YES 

RESEARCH ON HUMANS 

 Did the project involve children?   

 Did the project involve patients?  

 Did the project involve persons not able to give consent?  

 Did the project involve adult healthy volunteers?  

 Did the project involve Human genetic material?  

 Did the project involve Human biological samples?  

 Did the project involve Human data collection?  

RESEARCH ON HUMAN EMBRYO/FOETUS 

 Did the project involve Human Embryos?  

 Did the project involve Human Foetal Tissue / Cells?  

 Did the project involve Human Embryonic Stem Cells (hESCs)?  

 Did the project on human Embryonic Stem Cells involve cells in culture?  

 Did the project on human Embryonic Stem Cells involve the derivation of cells from Embryos?  

PRIVACY 

 Did the project involve processing of genetic information or personal data (eg. health, 

sexual lifestyle, ethnicity, political opinion, religious or philosophical conviction)? 

 

 Did the project involve tracking the location or observation of people?  

RESEARCH ON ANIMALS 

 Did the project involve research on animals?  

 Were those animals transgenic small laboratory animals?  

 Were those animals transgenic farm animals?  

 Were those animals cloned farm animals?  

 Were those animals non-human primates?   

RESEARCH INVOLVING DEVELOPING COUNTRIES 

 Did the project involve the use of local resources (genetic, animal, plant etc)?  

 Was the project of benefit to local community (capacity building, access to healthcare, 

education etc)? 

 



DUAL USE   

 Research having direct military use 0 Yes 

0 No 

 Research having the potential for terrorist abuse  

C Workforce Statistics  

3. Workforce statistics for the project: Please indicate in the table below the number 

of people who worked on the project (on a headcount basis). 

Type of Position Number of Women Number of Men 

Scientific Coordinator  1 6 

Work package leaders 3 6 

Experienced researchers (i.e. PhD holders) 9 38 

PhD Students 6 8 

Other 8 24 

4. How many additional researchers (in companies and universities) were 

recruited specifically for this project? 

5 

Of which, indicate the number of men:  

 

5 

 



D Gender Aspects  

5.        Did you carry out specific Gender Equality Actions under the 

project? 

 

 

 

Yes 

No  

6. Which of the following actions did you carry out and how effective were they?  

   Not at all 

 effective 

   Very 

effective 

 

   Design and implement an equal opportunity policy      
   Set targets to achieve a gender balance in the workforce      
   Organise conferences and workshops on gender      
   Actions to improve work-life balance      
   Other:  

7. Was there a gender dimension associated with the research content – i.e. wherever 

people were the focus of the research as, for example, consumers, users, patients or in trials, was 

the issue of gender considered and addressed? 

   
Yes- please specify  

 

   
No  

E Synergies with Science Education  

8. Did your project involve working with students and/or school pupils (e.g. open 

days, participation in science festivals and events, prizes/competitions or joint 

projects)? 

   
Yes- please specify  

 

   
No 

9. Did the project generate any science education material (e.g. kits, websites, 

explanatory booklets, DVDs)?  

   
Yes- please specify  

 

   
No 

F Interdisciplinarity  

10. Which disciplines (see list below) are involved in your project?  

   
Main discipline9: 2.3 

   
Associated discipline9: 

   
Associated discipline9: 

 

G Engaging with Civil society and policy makers 

11a Did your project engage with societal actors beyond the research 

community?  (if 'No', go to Question 14) 
 

 

Yes 

No  

11b If yes, did you engage with citizens (citizens' panels / juries) or organised civil 

society (NGOs, patients' groups etc.)?  

   
No 

   
Yes- in determining what research should be performed  

                                                            
9 Insert number from list below (Frascati Manual). 



   
Yes - in implementing the research  

   
Yes, in communicating /disseminating / using the results of the project 

11c In doing so, did your project involve actors whose role is mainly to 

organise the dialogue with citizens and organised civil society (e.g. 

professional mediator; communication company, science 

museums)? 

 

 

Yes 

No  

12. Did you engage with government / public bodies or policy makers (including 

international organisations) 

   
No 

   
Yes- in framing the research agenda 

   
Yes - in implementing the research agenda 

   
Yes, in communicating /disseminating / using the results of the project 

13a Will the project generate outputs (expertise or scientific advice) which could be 

used by policy makers? 

   
Yes – as a primary objective (please indicate areas below- multiple answers possible) 

   
Yes – as a secondary objective (please indicate areas below - multiple answer possible) 

   
No 

13b If Yes, in which fields? 

Agriculture  

Audiovisual and Media  

Budget  

Competition  

Consumers  

Culture  

Customs  

Development Economic and 

Monetary Affairs  

Education, Training, Youth  

Employment and Social Affairs 

 

 

 

 

 

 

 

 

 

 

 

Energy  

Enlargement  

Enterprise  

Environment  

External Relations 

External Trade 

Fisheries and Maritime Affairs  

Food Safety  

Foreign and Security Policy  

Fraud 

Humanitarian aid 

 

 

 

 

 

 

 

 

 

 

 

Human rights  

Information Society 

Institutional affairs  

Internal Market  

Justice, freedom and security  

Public Health  

Regional Policy  

Research and Innovation  

Space 

Taxation  

Transport 

 

 

 

 

 

 

 

 

 

 

 

http://europa.eu/pol/agr/index_en.htm
http://europa.eu/pol/av/index_en.htm
http://europa.eu/pol/financ/index_en.htm
http://europa.eu/pol/comp/index_en.htm
http://europa.eu/pol/cons/index_en.htm
http://europa.eu/pol/cult/index_en.htm
http://europa.eu/pol/cust/index_en.htm
http://europa.eu/pol/dev/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/emu/index_en.htm
http://europa.eu/pol/educ/index_en.htm
http://europa.eu/pol/socio/index_en.htm
http://europa.eu/pol/ener/index_en.htm
http://europa.eu/pol/enlarg/index_en.htm
http://europa.eu/pol/enter/index_en.htm
http://europa.eu/pol/env/index_en.htm
http://europa.eu/pol/ext/index_en.htm
http://europa.eu/pol/comm/index_en.htm
http://europa.eu/pol/fish/index_en.htm
http://europa.eu/pol/food/index_en.htm
http://europa.eu/pol/cfsp/index_en.htm
http://europa.eu/pol/fraud/index_en.htm
http://europa.eu/pol/hum/index_en.htm
http://europa.eu/pol/rights/index_en.htm
http://europa.eu/pol/infso/index_en.htm
http://europa.eu/pol/inst/index_en.htm
http://europa.eu/pol/singl/index_en.htm
http://europa.eu/pol/justice/index_en.htm
http://europa.eu/pol/health/index_en.htm
http://europa.eu/pol/reg/index_en.htm
http://europa.eu/pol/rd/index_en.htm
http://europa.eu/pol/tax/index_en.htm
http://europa.eu/pol/trans/index_en.htm


13c If Yes, at which level? 

   
Local / regional levels 

   
National level 

   
European level 

   
International level 

H Use and dissemination  

14. How many Articles were published/accepted for publication 

in peer-reviewed journals? 
80 

To how many of these is open access
10

 provided? 5 

       How many of these are published in open access journals? 5 

       How many of these are published in open repositories? 0 

To how many of these is open access not provided? 20 

       Please check all applicable reasons for not providing open access:  

        publisher's licensing agreement would not permit publishing in a repository 

        no suitable repository available 

        no suitable open access journal available 

        no funds available to publish in an open access journal 

        lack of time and resources 

        lack of information on open access 

        other11: …………… 

 

15. How many new patent applications (‘priority filings’) have been 

made?  ("Technologically unique": multiple applications for the same invention 

in different jurisdictions should be counted as just one application of grant). 

0 

16. Indicate how many of the following 

Intellectual Property Rights were applied for 

(give number in each box).   

Trademark 0 

Registered design  0 

Other 0 

17. How many spin-off companies were created / are planned as a 

direct result of the project?  
0 

Indicate the approximate number of additional jobs in these companies:  

18. Please indicate whether your project has a potential impact on employment, in 

comparison with the situation before your project:  
  Increase in employment, or  In small & medium-sized enterprises 

  Safeguard employment, or   In large companies 

  Decrease in employment,   None of the above / not relevant to the project 

  Difficult to estimate / not possible to 

quantify  

  

19. For your project partnership please estimate the employment 

effect resulting directly from your participation in Full Time 

Equivalent (FTE = one person working fulltime for a year) jobs: 

Indicate figure: 

 

 

 

                                                            
10 Open Access is defined as free of charge access for anyone via Internet. 
11 For instance: classification for security project. 



 

 

 

Difficult to estimate / not possible to quantify 

 

 

 
 

I Media and Communication to the general public  

20. As part of the project, were any of the beneficiaries professionals in 

communication or media relations? 

   
Yes 

 
No 

21. As part of the project, have any beneficiaries received professional media / 

communication training / advice to improve communication with the general 

public? 

   
Yes 

 
No 

22 Which of the following have been used to communicate information about your 

project to the general public, or have resulted from your project?  

  Press Release  Coverage in specialist press 

  Media briefing  Coverage in general (non-specialist) press  

  TV coverage / report  Coverage in national press  

  Radio coverage / report  Coverage in international press 

  Brochures /posters / flyers   Website for the general public / internet 

  DVD /Film /Multimedia  Event targeting general public (festival, 

conference, exhibition, science café) 

23 In which languages are the information products for the general public produced?  

  Language of the coordinator  English 

  Other language(s)   

 
 

 

Question F-10: Classification of Scientific Disciplines according to the Frascati Manual 2002 (Proposed 

Standard Practice for Surveys on Research and Experimental Development, OECD 2002): 

 

FIELDS OF SCIENCE AND TECHNOLOGY 

 
1. NATURAL SCIENCES 

1.1  Mathematics and computer sciences [mathematics and other allied fields: computer sciences and other 

allied subjects (software development only; hardware development should be classified in the 

engineering fields)] 

1.2 Physical sciences (astronomy and space sciences, physics and other allied subjects)  

1.3 Chemical sciences (chemistry, other allied subjects) 

1.4  Earth and related environmental sciences (geology, geophysics, mineralogy, physical geography and 

other geosciences, meteorology and other atmospheric sciences including climatic research, 

oceanography, vulcanology, palaeoecology, other allied sciences) 

1.5 Biological sciences (biology, botany, bacteriology, microbiology, zoology, entomology, genetics, 

biochemistry, biophysics, other allied sciences, excluding clinical and veterinary sciences) 

 

2 ENGINEERING AND TECHNOLOGY 

2.1 Civil engineering (architecture engineering, building science and engineering, construction engineering, 

municipal and structural engineering and other allied subjects) 

2.2 Electrical engineering, electronics [electrical engineering, electronics, communication engineering and 

systems, computer engineering (hardware only) and other allied subjects] 

2.3. Other engineering sciences (such as chemical, aeronautical and space, mechanical, metallurgical and 

materials engineering, and their specialised subdivisions; forest products; applied sciences such as 



geodesy, industrial chemistry, etc.; the science and technology of food production; specialised 

technologies of interdisciplinary fields, e.g. systems analysis, metallurgy, mining, textile technology 

and other applied subjects) 

 

3. MEDICAL SCIENCES 

3.1  Basic medicine (anatomy, cytology, physiology, genetics, pharmacy, pharmacology, toxicology, 

immunology and immunohaematology, clinical chemistry, clinical microbiology, pathology) 

3.2 Clinical medicine (anaesthesiology, paediatrics, obstetrics and gynaecology, internal medicine, surgery, 

dentistry, neurology, psychiatry, radiology, therapeutics, otorhinolaryngology, ophthalmology) 

3.3 Health sciences (public health services, social medicine, hygiene, nursing, epidemiology) 

 

4. AGRICULTURAL SCIENCES 

4.1 Agriculture, forestry, fisheries and allied sciences (agronomy, animal husbandry, fisheries, forestry, 

horticulture, other allied subjects) 

4.2 Veterinary medicine 

 

5. SOCIAL SCIENCES 

5.1 Psychology 

5.2 Economics 

5.3 Educational sciences (education and training and other allied subjects) 

5.4 Other social sciences [anthropology (social and cultural) and ethnology, demography, geography 

(human, economic and social), town and country planning, management, law, linguistics, political 

sciences, sociology, organisation and methods, miscellaneous social sciences and interdisciplinary , 

methodological and historical S1T activities relating to subjects in this group. Physical anthropology, 

physical geography and psychophysiology should normally be classified with the natural sciences]. 

 

6. HUMANITIES 

6.1 History (history, prehistory and history, together with auxiliary historical disciplines such as 

archaeology, numismatics, palaeography, genealogy, etc.) 

6.2 Languages and literature (ancient and modern) 

6.3 Other humanities [philosophy (including the history of science and technology) arts, history of art, art 

criticism, painting, sculpture, musicology, dramatic art excluding artistic "research" of any kind, 

religion, theology, other fields and subjects pertaining to the humanities, methodological, historical and 

other S1T activities relating to the subjects in this group]  
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