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Abstract

Knowledge of the solar resource is essential fer gflanning and operation of solar energy systems. A
number of data bases giving information on solapueces have been developed over the past yeags. Th
result is a fragmentation of services each havamhewn mechanism of access and all are givingreifit
results due to different methods, input data arskhears. The project MESoR, co-funded by the Eeanp
Commission, reduces the associated uncertaintgtiyg up standard benchmarking rules and meagores
comparing the data bases, user guidance to thécafimh of resource data and unifying access téouar
data bases.
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1 Introduction

Knowledge of the solar energy resource is essefotidhe planning and operation of solar energyesys. In
the past years a number of data bases giving isftomon solar resources have been developed asuttte
European Solar Radiation Atlas (ESRA), the projeéstdDa [1], Satel-Light [2], PVGIS [3], PVSAT,
PVSAT-2 [4] or Heliosat-3 [5] and the Envisolar [poject of the European Space Agency (ESA). In
addition more services were set up by national ifudsuch as Meteonorm [7] by Meteotest in Switnedl
and SOLEMI [8] by DLR in Germany. This has led ke tsituation that several different data baseg éxis
parallel, developed by different approaches, varispatial and temporal coverages and different e
space resolutions, even for those exploiting stdellata. The users comparing information fromed#ht
data sources for the requested sites may end bpuwitertainty that is difficult to deal with.

These multiple efforts have led to a fragmentatiod uncoordinated access: different sources ofrnmdtion
and solar radiation products are now available umgertainty about their quality remains. At thensaime,
communities of users lack a common understandingoento exploit the developed knowledge.

The project MESoR is a European funded Coordinafiotion which started in June 2007 and aimed at
reducing the uncertainty and improving the managergthe solar energy resource knowledge. Withiga t
project, the results of past and present largesSodiatives in Europe, were further integratednslardised
and disseminated in a harmonised way to imprové twploitation by stakeholders. The project also
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prepared roadmaps for future R&D.

The MESoOR project includes activities(ih user guidance (benchmarking of models and datatsatslbook
of best practices)(ii) unification of access to information (use of adwhdnformation technologies;
offering one-stop-access to several databag@g),connecting to other initiatives (INSPIRE of the EU,
POWER of the NASA, SHC and PVPS of the IEA, GMES@Eand to related scientific communities
(energy, meteorology, geography, medicine, ecologyid (iv) information dissemination (stakeholders
involvement, future R&D, communication).

MESoOR outcomes are direct contribution to the wandgramme of the IEA Solar Heating and Cooling Task
36 on “Solar Resource Knowledge Management”.

2 Benchmarking

Benchmarking is the largest activity within the MEES project. The aim is to establish a coherento§et
benchmarking rules and reference data sets toeaabansparent and comparable evaluation of fferelnt
solar radiation data sources. The rules are degdlapconjunction with the IEA Task 36 on “Solardearce
Management” of the Solar Heating and Cooling Immatimg Agreement and shall serve as a standard for
benchmarking to make results comparable.

2.1 Reference data

The establishment of a good reference is the $itesp. The MESoOR project collected high quality gmbu
measurements which can be used as a reference Irettthmarking exercises. The measurements sheuld b
conducted with high accuracy, high frequency aadeable maintenance of the equipment. Data has been
collected from the Baseline surface radiation nektw@SRN), International Daylight Measurement
programme (IDMP), the meteomedia network, the Wéthtliation Data Center (WRDC) and the Global
Atmospheric Watch (GAW) programme. In addition,tfigr measurements were collected from scientific
institutions, providing they fulfil the quality ¢éria above. The collection continues under the 8#C Task

36 / SolarPaces Task 5 and high quality ground oreasents are always welcome.

A common quality control procedure has been deffioedll broadband time series data. The paramébers
the quality assessment have been deducted frolabeline Surface Radiation Network Operation Manual
[9] and operational experience of the partnerslvea

2.2 Benchmarking measures and rules

Benchmarking of solar radiation products can beedondifferent ways. If high-quality reference datiae
available, the modelled data sets can be comparddranked according to how well they represent the
reference data. But there is not always refererata dvailable: e.g. for solar radiation spatialdoics
(maps). Here benchmarking can assess the uncgrtafnimapping products by their relative cross-
comparison.

For site specific time series there are a numbeliffrent measures for benchmarking. A first sdtased on
first order statistics. These are the well knowas, root mean square deviation, standard deviatibeir
relative values to the average of the data settlamdorrelation coefficientThese measures show how well
data pairs at the same point of time compare wittheother. They are important if one needs an exact
representation of real data, e.g. for evaluatiohseal operating systems or forecasts of solarataxh
parameters.

This exact match is not always important, e.g. dgstem design studies. Here the similarity of stiatl
properties such d@sequency distributiongs more important than the exact match of datespaihe MESoR
project therefore suggests a number of parametassdoon second order statistics. The measures are
described in detail in [10]. They are based onkbbnogorov-Smirnov (KS) test [11,12]. Although teeaire
several statistical tests and ways of evaluatimggbodness of a model, the KS test has the adwamtag
making no assumption about the data distributiod, ia thus a non-parametric, distribution-free [&83{.

The idea is to compare the cumulative distribufienctions (CDF) and measure the distance between th
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curves of the modelled and the reference datal$et.CDFs are therefore binned intointervals and the
distanceD, is computed for each interval.

D,=[M(x,) = R(x,) | 1)

where M(x) is the CDF of the modelled data and fR{s that of the reference data set. Figure 1 sheaws
sample CDF for a modelled and measured data s¢theoteft and the correspondirigy, on the right. A
critical valueV, can be determined from the number of valNes the sample:

V, =163 N =35
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Figure 1: Cumulative distribution functions (CDR)lmurly DNI values from modelled and measured &alu
for the BSRN ground station in Payerne on the Teife distanc®, for each interval on the right.

The original KS test probes for the maximipto be belowV, to evaluate if the two samples have similar
distribution functions.

The representation of the valugg along with the critical value, gives the complisting behaviour of the
CDF with respect to the reference over the whahgea Thus, the extended KS test is very usefuhfodel
response assessments, and has been used for stweied [14,15,16]. However, although applicatéthe

KS test contributes valuable information, it onlyaterializes in the acceptance or rejection of th#é n
hypothesis. In the next paragraphs new parameterprposed, which, based on the estimation of the
distance between the two CDFs for the sets compdedohe quantitative measures that can be useanto
models.

The KSI parameterk(olmogorovSmirnov testintegral) is defined as the integral of the areavben the
CDFs for the two sets, the area beBw The unit of this index is the same for the cqroegling magnitude,
the value of which depends on it. As an exampleeft graph of figure 1 shows the CDFs for theadst of
hourly irradiance sums measured at the stationagefe over a period of 5 years (1996-2000) anafset
daily sums gained by the analysis of satellite datathe same location and period. This set wasveer
using the SOLEMI data base of DLR. In the righttglee distances between theBy, are displayed. The
green line represents the critical limit, calculated for the number of available data.

The KSI is defined as the integral:

Ksi=[""D,d(x
Ixmin n ( ) (3)
As D, is a discrete variable and the number of integnatidervals is identical in all cases, trapezoidal
integration is possible over the whole range ofitldependent variabbe A percentage of KSI is obtained by
normalizing the critical are@yiica:

X max
j D, dx
xmin *100
acritical (4)

KSI1% =

whereagiica 1S calculated as:
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Acitical =Vc * (Xmax - Xmin) (5)

whereV, is the critical value for the level of confidenadested andx,.x Xmin) are the extreme values of the
independent variable. Normalization to the critiaeda enables the comparison of different KSI safoem
different tests. The minimum value of the KSI indgxero, in which case, it can be said that thé-€bf the
two sets compared are the same. A value of 10@atel that the area beldy, is equal to the area below
the critical value.

An important factor to achieve comparable benchingrkesults is the selection of valid data pairs
(modelled and measured) values which are taken actmunt. Therefore, in addition to the measures
described above, a set of rules to be applieddacbmarking was defined. Within MESoOR we suggesisto
only data pairs where

e The ground data has passed the quality-checking p@icedure;
* Global irradiance/illuminance is greater zero (egel night values and missing measurements);

 The modelled value is valid.

Averages are calculated from all valid data pdirg.- z in equations (2.3), (2.4) and (2.6) is only calteda
form the validated data.

Averages for multiple stations are created in a Wet all data pairs are packed into one analgsighat
each data pair in the analysis gains the same weldtis is of special importance if the stations/da
different numbers of valid data pairs. If the réswlould be calculated for each station separatety the
average of stations would calculated afterwards védues in the station with the least number & geirs
would gain the highest weight.

Solar spatial databases (map data) can be bencbédharkwo ways, either point based or map based. Th
point based benchmarking is similar to the timeesebenchmarking. Data is extracted from the mayks a
compared to the measurements (“ground truth”).t@insl second order statistics can be applied. Megd
cross comparison of solar radiation provides mdansmproved understanding of regional distributioh
the uncertainty by combining all existing resour¢ealculating the average of all) and quantifyiingit
mutual agreement by the means of standard deviéfign2). An evaluation of long-term yearly avesagf
Direct Normal Irradiation (DNI) has been done withe spatial data bases: ESRA, PVGIS, Meteonorm,
Satel-light and NASE SSE [17].

Figure 2: Yearly sum of direct normal irradiati@verage of all five data bases (kWh/m?) on the &t
relative standard deviation from the comparisotheffive data bases (%) on the (right)

2.3 Sample Benchmarking results

The MESOR project also applied the developed beackimy. Within MESoR several different
benchmarking exercises have been performed. Theisgd which is shown here focuses on DNI for the
years 1996 to 2000 in Europe. The stations NamtdsTaessaloniki were excluded in the DNI evaluatsn
they did not contain a DNI measurement but onlgland diffuse.
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The results presented here compare three diffedatd sets
providing hourly data, SOLEMI from DLR, EnMetSolofn

Oldenburg University, and Satel-light from ENTPEefédonorm
is only included for the KS1% test, as the Meteondrourly data
are synthesised from the monthly averages. BiasRm8D (root
mean square deviation) make no sense in this ddseoverall
bias was low for all data bases, 1% for SOLEMI, #$%0 Satel-
light and -1% for EnMetSol. The RMSD is 48% for SEMI and

36% for Satel-light and EnMetSol. As stated abdyias is more
important in prefeasibility project evaluation, whthe match of
the frequency distribution is more important forstgm design
and system operation. An overall value for the KSl&hnot be  Figure 3: Ground measurement stations
given, as it would need an overall reference distion, which is  in the MESoR benchmarking exercise |

very difficult if the distributions for the statisrare very different.

The KSI values are only compared graphically.
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Figure 4: Benchmarking results from MESoR Exertit® DNI. Bias (left), RMSD (middle), KS1% (right)
Station names from left to right are Toravere, Moping, Lindenberg, Carpentras, Payerne, Geneva and
Davos.

The analysis of the KSI1% shows rather high valuestim above 100. This means that even if bias i we
met, the match in the distribution functions nekdther improvement. There is no clear differenetnzen
the various data bases. The map based cross-cempani five data sources (Fig. 2) shows that tlaes
regions with higher disagreement between individiethbases. The main drivers of such differences ar
imperfections of cloud detection models (especiatlymountains and snow/ice conditions), interannual
variability, high differences in the existing aesband water vapour databases, lack of high-qualétia in
some regions, complex terrain and climate conditinmountains and in coastal zones. The unceytaint
these regions can be decreased by detailed anafyifie above mentioned determining factors, foddviby
improved modelling procedures.

Benchmarking Conclusions

The developed benchmarking measures and rules tgive clear recommendations on which data set
should be used for selection of sites, system desigsupport of power plant operation. But the gcbjhas
developed transparent measures and rules, includagew ones for quality assessment of the digdtdb
functions, which are recommended to solar commuRit}iowing these standardised benchmarking rutes,
should be easier to select a data base meeting#nespecific needs.

3 User Guidance

3.1 User guide of best practices

User guidance is one of the main objectives of MieSOR project. This is realized by writing a guide
(handbook) that will include also best practicethie application of solar resource data. The berckimg is
one chapter in this guide. The results give thesuaéetter indication of the uncertainty of thaitable data
sources and fithess of data for different applwati Best practices in the application of solaouese
information are demonstrated in the use cases.€Tlms cases cover applications such as photoglsatar
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thermal, solar concentrating and daylighting systeltnalso covers solar forecasting applications afasis,
it covers requirements and examples for the demsighoperation of various solar technologies.

3.2 Roadmap

Based on the feedback from the stakeholders andbémehmarking results, a number of Road Map
documents have been compiled within the MESOR ptojehey identify future research objectives in the
field of solar resources, as well as new solaratéati services for faster deployment of solar epengrkets
and for optimized grid integration. The Road Mapoaprovides recommendations for an improved Earth
Observation system to better support solar enéfhg. Road Map documents will be continuously updated
within the IEA SHC Task 36, SolarPaces Task 5 afsra.

4 Unifying Access

The second major objective of the MESOR projedbisinify and ease access to solar resource infawmat
This builds upon experiences made within the Sobdah adopting interactive mapping and analytical
features from PVGIS web system. The original So@atgd was built with proprietary software and
communication protocols. As the World Wide Web eeadl over recent years, we decided to build a new
web portal within MESoOR, using open source softwaith support from a large development community
and standardised web services. This makes the ranal pmore sustainable (in terms of software
development), and the connection to the portaleeasid more open (as only widely accepted standards
followed).

The portal serves as a broker to solar resourcarmretion and services. It does not itself contand a
maintain data; instead it links data bases andicErwvithin one single point of entry and a comnuser
interface. Databases and services are hosted lwy gheviders, who keep control over their data and
applications.

Metadata are essential to exchange knowledge betajggications. They describe objects to be exab@dng
(e.g. a time series of irradiance, a geographazzdtion, a date...). After a series of consultatiwith several
bodies involved in standards, such as ISO, GEOS&&EEarth Observation System of Systems), INSPIRE
(Infrastructure for Spatial Information in Europe)d national meteorological offices, a thesaurusbieen
defined which is specific to solar resource. A thess is a set of terms that describe the solaures.

A prototype of the broker has been set up durirgy ghoject. A new user interface has been designed,
including the API (application programming intedoof Google Maps. Users can therefore use the full
capabilities (geographical search, maps and image§oogle to identify their sites and select tight
locations or regions. As this interface is easyde and applied already in many other applicatitresuser

is likely to be familiar with it. The front page & service gives the site selection window and some
descriptive information of the service, as a gendescription, property rights, credits, inputs andputs
descriptions and benchmark procedure results éveait. The results can be written to the browseidoiv

or saved in a specific format (e.g. spreadsheepatitvie). The available data bases can be seldéstete
menu on top of the page. The figure below shows $ample screenshots of the current prototype (see
http://project.mesor.net).



hal-00468639, version 1 - 31 Mar 2010

) MESoR - SOLEMI Fre

tras e

b [V e e remeesem [T PG

Management and Expoitatonof Solr Resource Knowiedge Search, o

Web Serices
Web Seruices
SOLEMI  Ecimste
pping.

ras Daten Fenster 2 AdobePDF 8 x

et =
2T NS RO ATE L RR S0 B8 wE el
Qmumaon P ] nzzh
070, 2 181]¢ sl 210 2| F £ 1= SR se oA
[0050611  weo  ~ £
[wmw| |_A 1 B [ © [ B 1 F I R |
| 1 | SOLEMI resuits from date 2005-06-11 to date 2005-06-12 at latitude longitude 52.27,8.61
2] Dae  Time GH DNl
Ell 2005-06-11 D0:00:00 0 00
[a 60511 T U000 uw o uw
5| 2005-06-11 02:00:00 om  om
5 2005-06-11 03:00:00 om  om
7] 20050811 040000 4150 95.50
Gutput furmats e | 20050511 050000 5360 060
[s 20050811 0B.ODOD 5220 0.20
€ Output in the browser | 1 20050611 070000 9050 0.90
i 20050611 000000 00070 6.20
Export to Excel il [12 20050611 030000 39170 7.50
i 20050811 100000 11820 0.20
===== ooF e 0050611 110000 14770 020
15 2005.08-11 120000 31890 0.00
o Uh Sorsice e 2005.08-11 130000 26330 0.80
[ 2005.08-11 120000 21860 0.70 -
2 | OMANRA1 1EIIIN ADAN Adn
o e . [1 2005-06-11 160000 30290 9,80
20050611 17.0000 21760 810
20050611 180000 16330 27.50
2 20050611 180000 GO0 9.10
23 20050611 200000 1260 1180
2005-06-11 21:00:00 oo 0m
2 2005-06-11 22:00:00 om0
26| 2005-06-11 23.00:00 0o oo
[27] 20050612 D0.00:00 0o om
28 6-12 01:00.00 0o om
(2] 2005-06-12 02:00:00 0o 0o =
(D i e s 141 i »Il_‘
zednen= 5 | agoromen- N N OO A G B E »-Z-A-==sad]
Beret 4

Figure 5: The prototype of the MESoR broker portal. A sample time series has been extracted in an Excel

spreadsheet format.

5 Conclusions

The European Union funded project MESOR, in closkaboration with International Energy Agency and
their SHC and SolarPACES Implementation Agreemédras,brought new benefits for solar energy industry
policy, research, education and broad community:

Standardised rules are defined for transparent Hmarking of solar radiation products (site
observations and spatial databases). The benchmgaekiercises provided by the MESOR consortium
have improved understanding of the state of th@fasblar resource assessment, and the solar gsoduc
available for Europe.

A new web portal has been developed, offering teldgy for harmonised and easy-to-use access to
solar radiation and related databases and tooks.pbhtal is based on the use of open source satwar
and implementation of international standards. MiiESoR portal already now links several data sources
and it is intended to be used as one-stop shojndse who need data for their projects.

The MESoR consortium has developed and improveks lbo all international scientific and policy
initiatives that are relevant to solar renewablergp. Active participation in these initiatives has
facilitated transfer of scientific know-how to “dialife”.

The MESoR consortium has identified further needgdésearch and development in enhancing the solar
resource knowledge, which have been describececiiRtitad Map documents of the project.

The handbook on solar resources and best prastizemarises the existing knowledge in a user frigndl
interpretation and layout, and offers access ®khbwledge to the solar energy community.

On one hand the MESoR project brings standardisati@rmonisation, unification, and coordinated
approach, on the other hand it has identified abmmof new items in thé&o do” list in both R&D and
application fields. To mention some of them:

Current solar radiation methods, resource data @nducts need further improvements in order to
reduce risk and improve efficiency and reliabiliysolar energy technology.

Further integration of information and communicatidechnology with available satellite, and
meteorological data streams, supported by highlwden global data sets, will substantially streaual
access to data and derived products requestedVigesproviders and the solar industry.

The solar resource community is committed to camtiim fast development of data and services to
support technology operation and maintenance (asdféity, project development, system monitoring,
forecasting of power generation). The issues of gntegration and demand/supply management are
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discussed more often then ever. However, solauresccommunity needs targeted support to keep the
pace with development and worldwide deploymentotdrsenergy technology.

Acknowledgements

The MESOR team acknowledges the financial supdaitiedEuropean Union under contract CA — Contract
No. 038665. The results of the MESoR project aneatly supporting IEA SHC Task 36 and IEA
SolarPACES Task 5 activities.

References

[1] http://www.soda-is.com

[2] http://www.satel-light.com

[3] http://re.jrc.ec.europa.eu/pvgis

[4] http://www.pvsat.de

[5] http://www.heliosat-3.de

[6] http://www.envisolar.com

[7] http://www.meteonorm.com

[8] http://www.solemi.de

[9] B. McArthur, Baseline Surface Radiation Netwo@perations Manual Version 2.1, 2004.

[10] B. Espinar, L. Ramirez, A. Drews, H.G. Beyelf;. Zarzalejo, J. Polo, L. Martin, Solar Energ$g, 8
(2008), 118-125.

[11] A. Kolmogorov, Giornale dell’lstituto Italiandegli Attuari, 4 (1933), 1-11.
[12] N. Smirnov, Recueil Mathématique (MatematidgeSkornik), N.S., 6 (1939), 3-36.
[13] F.J. Massey, Jr., Journal of the AmericaniSiaal Association, 46 (1951), 68-78.

[14] L. Ramirez, Radiacion Solar a partir de imaggede satélite. Aplicacién al dimensionado de
instalaciones solares de fotocatalisis. Serie: @& Documentos CIEMAT. Ed. CIEMAT, Madrid
(Spain), 2000.

[15] L.F. Zarzalejo, Irradiancia solar global hasaa partir de imagenes de satélite. Serie: Cadecci
Documentos CIEMAT. Ed. CIEMAT, Madrid (Spain), 2006
[16] J. Polo, L.F. Zarzalejo, L. Ramirez, B. Espirdolar Energy, 80 (2009), 240-247.

[17] M. Suri, J. Remund, T. Cebecauer, C. HoyeekID. Dumortiert, T. Huld, P.W. Stackhouse, P.
Ineichen, Comparison of Direct Normal IrradiatigpaBal Products for Europe. Solar Paces 2009
Conference, Berlin, Germany, 2009.



