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Theproject ENDORSE: exploiting EO data to develop pre-market
servicesin renewable energy

Lucien Wald, Claire Thomas Sophie Cousii Philippe Blang Lionel Ménard, Marion
Schroedter-HomscheigElena GaboargiEmilio Simeone Gerd Heilschéy Sophie
Jacques Sebastiano Serpitd’homas Hul#t, Dominique Dumortief

Abstract

The ENDORSE project is co-funded by the FP7 prognarof the European Commission, from 2011 to 2018x

ploits the atmosphere service MACC of the Europ8MES programme (Global Monitoring for Environmeinida
Security) together with other Earth Observation YE@a and modelling. It aims at providing publigheorities and
private investors with accurate evaluation anddasts of renewable resources. The focus is ondtielapment of
downstream services that create added-value infama~Ne present here the achievements of the fiesiod. A

very accurate though fast algorithm describingpbsition of the sun in the sky has been developeskries of rec-
ommendations for quality control of meteorologicita have been issued. All algorithms are availalsleode
sources and are being implemented as Web processiniges (WPS). Support vector machine techniguesge

successful to map the air temperature at 2-m hdight satellite images and a few measurementsaatngr level.

The next development of ENDORSE is a portfolio mf-market downstream services, serving as preciest ex-
amples of best practices for similar services. fdwmilting services will be described using the INEGP metadata
and declared in an existing Catalog Service foriteb (CSW) dedicated to energy. Finally, we disahesmutual
benefits between GEOSS (Global Earth ObservatiateBy of Systems) and ENDORSE.

1. I ntroduction

Green energy is a growth sector, yet more religskimates of the potential of renewable resourses a
well as user-orientated tools are needed to optifaigope’s return on green investments. The pategfti
new solar, wind and biomass technologies for enegglependent on local and regional climate factors
Their effective exploitation requires careful itiggnce analysis in terms of power system plan@nd
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operations. Information from satellites and othartk Observation (EO) instruments and models has th
potential to further enhance the reliability of utata (Dunlop et al., 2006).

This communication aims at presenting the achiewesnalready attained by the ENDORSE project,
exploiting such EO data to deliver such valuablEdoopean businesses and public authorities.

GMES (Global Monitoring for Environment and Secykrits the European programme for the estab-
lishment of a European capacity for Earth Obseowatit is managed by the European Commission (EC)
and the European Space Agency. It consists in gleonset of systems which collects data from mldtip
sources, such as satellites, ground stations, raeband sea-borne sensors, processes these dgteoand
vides users with reliable and up-to-date informmatirough the services in the six following thenlaad,
atmosphere, emergency, security and climate chahuger particular interest here is the atmosphere s
vice, called MACC (monitoring atmosphere compositamd climate).

The Group on Earth Information (GEO) is coordingtinternational efforts to build a Global Earth Ob-
servation System of Systems (GEOSS). GMES cong#btd the GEO. The emerging public infrastruc-
ture of GEOSS is interconnecting a diverse and gr@wrray of instruments and systems for monitoring
and forecasting changes in the global environment.

2. ENDORSE project, its objectives, its audience tar gets

The ENDORSE (ENergy DOwnstream SErvices) projestviendorse-fp7.eu) is co-funded by the EC
FP7 programme from January 2011 to December 202&3ploits EO data and GMES atmosphere service
in order to deliver critical intelligence on rend@aenergies: solar, wind, and biomass energyrampte
them in buildings, electricity production and grithnagement. The focus is on the development of so-
called downstream services that create added-walaamation, in particular from EO-derived data sup
plied by GMES services.

Accurate assessment and forecasts of renewablercesowill be provided to public authorities, pta
investors, plant operators, and grid managers.

Reliable intelligence on resources determines wimmestments are profitable and how much the plants
may produce. It helps in detecting failures in plaperation and issuing early warning to managrrsh
preventing large losses in production.

The operators of electricity distribution grids daiacreasing shares of renewable sources in thids.g
Accurate and locally-detailed forecasts of resasisgighin the next few hours are a prerequisiterevent
grid instability and subsequent local blackouts.

Low-energy buildings rely on a large use of daylighh reduce the use of artificial light. Accurate
evaluation of available daylight is essential téimjze the use of daylight with control systemsbinld-
ing design or retrofitting as well as energy retjatapolicies.

Benefits of using GMES services and EO data wiltlbmonstrated to the targeted audience: public au-
thorities, private investors, energy-related conganby the means of products that users can éxploi
their day-to-day operations.

In addition, a second community of users is tadjetds services are being developed within
ENDORSE to produce products, ENDORSE will demomstthese precursor services to the service-
oriented companies, and will stimulate the marketesvices exploiting GMES services and EO data in
renewable energies. Service-oriented companiestali#t these examples to create new or extended ser-
vices and bring them into the market.

3. Achievementsin environmental modelling

ENDORSE is contributing to advances in environmlemitadelling and meteorological data exploitation.
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The position of the sun relative to an observeated at ground must be known precisely with anrerro
less than 10” of arc angle to match the more anteratringent requirements induced by the fast devel
opment of sun-tracking systems producing elecyrickn algorithm has been developed that offers this
accuracy and is fast enough to be used in operdtiocomparison with the widely used algorithm pub-
lished in the European Solar Radiation Atlas (ESR®2Q0; Wald, 2007), the new one runs as fast and is
100 times more accurate. A report is publicly af# on the ENDORSE web site. The code will be
available at www.helioclim.org, and a web servisebeing developed at the energy community portal
www.webservice-energy.org. Finally, an article ésng submitted.

Meteorological measurements are prone to errorger8kereports from the World Meteorological Or-
ganization (WMO, 1982, 2007; Long/Dutton, 2002; NDB2009) and other publications (e.g., ESRA,
2000) have been reviewed in the light of advanneseinsors and processing techniques. A seriestsf te
have been established and a report has been writiet contains recommendations for quality control
of meteorological data at surface. It is publiclpidgable on the ENDORSE web site. A web servicé wil
be developed and deployed in the energy commuoitiab It will replace the service set up by Geiger
al. (2002).

Resampling in time is a very frequent operation nvinandling meteorological data. For example,
changing from local legal time to universal timguests a resampling of data in time-series of kourl
data: original data must be oversampled to sayinl amd then aggregated every 60 min with the appro
priate offset to yield hourly values in the UT st It happens that in many cases, the resamptiacpe
tion does not support the consistency propertyean original set of data, which has been overkaimp
in time or space, the consistency property stéi@isthe average of the oversampled set, back tortbie
nal sampling (resolution) of the original data srist be equal to the original data set (Thomad.et a
2008). We have assessed the importance of thetidevia this property onto quantities relating teesgy
production. ENDORSE proposes resampling technidgo@sinclude the consistency property as a con-
straint. A report is publicly available on the ENRSE web site that describes these techniques.

Air temperature at 2-m height is usually known tiglb ground measurements therefore at a limited
number of places, or by re-analyses therefore atseospatial resolution. A regression-based aphrizac
developed to model the relationship between stgailiservations and air temperature at 2 m atsitade
(Moser/Serpico, 2009a). Support vector machinertigeles prove successful to map air temperature in
Provence or Tuscany, given a training set compa$ad-situ measurements collected by a network of
stations. Satellites images are either MODIS imagegeteosat images. Estimates of the point-wiae st
tistics of the regression-error (e.g., in termst@indard deviation) will then be derived by thec#pere-
gression strategy (Moser/Serpico, 2009b); this esdeach derived map of temperature estimates with a
corresponding map expressing the pixel-by-pixelentainty associated to the retrieved temperatune. T
impact of spatial resolution on the estimation aacy is being analyzed by experimenting with botk-M
teosat and MODIS images. The data acquired by teiedAFrance stations are used as test data to-quant
tatively assess the accuracy of the results.ftirisseen to study the possible benefit of usingdtngime
variation of the surface solar irradiance provittgdhe GMES atmosphere service as a strong caomelat
between changes in temperature and irradiancedan tdund. Once completed, the results will be ectbj
to a report publicly available on the ENDORSE wige By January 2012.

4, Servicesin renewable energies

There are ten downstream services in five energgatlts: sun, wind, electricity load, bioenergy, uil
ings.

4.1 Sun
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The service S1 is entitled "generation of locahsdb for decision-support in solar energy poli@nping
and private investment". The expectations of itssgigle users are a better spatial and temporal leclge

of the potential of solar energy in their areardéiest. They also need to relate this informat@other
types of geographical information, e.g., physicadl administrative, possibly within a computer-aided
method for decision making, or a GIS, or for du@gdnces for banks. The information should be rgcen
of known quality and uncertainty, spanning overesalvyears and easily accessible. In other worskssu
need a reference tool for studies for sitting,mgjzind return-on-investment on solar plants, aodl lpoli-
cies for energy planning and attraction of investor

The service S1 will generate local atlases. Arsattamprises the detailed databases on hourly basis
well as synthetic maps, e.g., monthly and annuammalues. Depending on users requirements to-be de
veloped in the project, the atlas may comprise ametegical data (surface solar irradiance, air acef
temperature) as well as other information of otieure, such as physical, (orography, hydrograpgy),
ministrative (cities, districts, protected areaszdrds...), or policies (regulation, incentives rujgans).
This service should be implemented as a Web majcser

The service S2 is entitled “design and performaracegdyses of concentrating solar power (CSP) sys-
tems”. The expectations of its possible users asapgort for optimal system configuration. A seevic
providing technical advice at planning stage, idirig site evaluation and advice on components efec
and purchase, will be perceived by users as extyebameficial. Once solar power systems are active,
their owners want the guarantee that the systetamréhe expected yields, thus a service supplging-
liable management of CSP systems, based on renwigamng and yield analysis, is of crucial impor-
tance. Users will consider as particularly advaetas a service which cuts the running operatiotscos
by early failure detection and quick troubleshogtin

At the planning stage, the service S2 will provéd@port to evaluate the site, to configure optiyntle
CSP system and to estimate the profitability ofitivestment. At the operational stage, it will po®van
internet-based, cost-effective and secure locaésysnonitoring solution.

The service S3 is entitled “Irradiance forecastselectricity production” and is an improvementeaof
existing service. The company Solar Millenium AGcigrrently developing a solar energy production
forecast for concentrating solar power plants oselcollaboration with DLR within the European Spac
Agency project CSP-FoSyS (Kraas et al., 2011). ERBE aims at improving this service, and particu-
larly the forecast of direct irradiance with a fzon of up to 48 h, by using GMES core capabiliied by
performing the R&D needed for that.

The service S4 is entitled “generation of highlatsgly-resolved Typical Meteorological Year (TMY)
data sets for the design and the performance assat®f complex solar energy based systems for elec
tricity production”. An accurate assessment of valie of the utility electricity generation in tlearly
stages of a large investment project is very ingrarsince this figure is the basis of many othécuta-
tions that define the profitability of this projezhd therefore the “go-no-go” decision made by lsaarkd
investors. This assessment is made by using nuaheiimulators of the power plant, whose inputs are,
among others, meteorological data. In order to sawe and efforts, energy companies and banks have
agreed to use TMY data sets rather than compldte s#ds spanning over 10-15 years as inputs to the
simulators. A TMY is a series of meteorologicalues, typically one per hour, covering one full yetis
a synthesis of the meteorological situation of st pe&riod spanning over several years, typicallyltl®
made of observed values, and not averages fomitestavhich are selected according to specificatimns
user. For instance, a TMY may represent the mesitaation or the worst situation with respect tergy
production. The service will generate TMYs by exjohg the GMES atmosphere service which delivers
solar irradiation. It will add the air humidity @aneter and air temperature, and possibly wind spdad
service should be implemented as a Web service.

The service S5 is entitled “A Web-based GIS foraagmirating solar systems”. The expectations of the
possible users are a decrease in the risk in tnelséor appropriate sites for CSP power plant higvse
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ment. At this very initial state usually availatyliof financing is very low. Project developmenitguma-
nies therefore need a tool which helps them instrch of possible sites for a CSP project. Dagalse
are long term available direct normal solar radiatiaccess to infrastructure (e.g. streets, ovdrlieas),
land cover and properties. A valuable tool for sgehrches is e.g. Google Earth or maps.google.leem.
frastructure data is available on such tools ardstiellite images give a good first impressiothefsuit-
ability of the land cover. Missing information igatusion maps which remove protected, too steegilor
erwise unsuitable areas and available solar radiafihis service will be a Web map service whichsus
the Google API and adds those layers.

4.2 Wind

The service W1 is entitled “generation of annuatrgg output (AEO) for decision-support in on-shore
wind energy policy planning and private investmeit”the process of building an on-shore wind faam,
accurate assessment of its annual energy outmatrysimportant at an early stage. This assessmiint w
lead the decision making of users. Users need syiteaaccess and fast tool for studies for sittsiging
and return-on-investment on wind farms, and locdicges for energy planning and attraction of inees.
The service aims at answering these needs by dengefEO estimation/wind resource estimation for a
wind farm project.

4.3 Electricity load

The service E1 is entitled "load balancing withiecgricity distribution grids enabling high pendioa of
photovoltaic power systems". The operators of atatyt grids face increasing shares of photovoltaic
power systems in their grids. The fluctuation & gower due to variation in the sunlight will capseb-
lems for the grid stability in the future. Therefdhe grid operators want to learn in advance hdavger
fraction of solar power will influence the grid. e safe grid operation load forecasts are netmdtie
scheduled operation of conventional power plante grid management needs to know in which way so-
lar power could be integrated in the load foreeamst the scheduling of conventional power plant aper
tion. An accurate knowledge on the behaviour ohrspbwer at the utility level is a prerequisite the
development of energy services and load balandihg.service to be developed will provide solar aadi
tion data at 15 min time resolution and high spaéaolution during analysis phase. Solar powegdast
on a local level with high spatial and time resiolnitwill be delivered for the operation of distrimn
grids with high penetration of PV and the load halag service.

4.4 Bioenergy

The service B1 is entitled “mapping biomass po#drior forested areas”. Biomass of forested arsas i
currently used for energetic and material purposesncrease use is expected for substitutinglfbsss.

In addition, the cultivation of short rotation fete as biofuel resource will get more attentiothig next
years. Therefore, a reliable and automatic metloode$timating the growth of forested areas becomes
more and more attractive especially when largesaaea investigated. New method for estimating bio-
mass potential based on modelling, remote sensitgahd meteorological data is expected to help-reg
lar assessment of forest biomass in Brandenburg délielopment of this new method is expected te sup
port a sustainable, economic and ecological dewedmp of a region in respect to timber and energy pr
duction. The service will provide maps of the netnary productivity and total stem of forested area
European NUTS-3 level.

The service B2 is entitled “Definition and develagm of a service for certifying the sustainable-pro
duction of bioenergy products”. The Deutsche Bisse&®rschungsZentrum (DBFZ) was founded on
February 28, 2008, by the Federal Republic of Gagmeepresented by the Federal Ministry of Food; Ag
riculture and Consumer Protection (BMELV). The DB§upports the BMELYV in strategic questions con-
cerning the use of biomass, is involved in polieyelopment for a sustainable bioenergy use anelglos
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accompanies the definition of certification and tcoling authorities on the national level. Membeis
the DBFZ work in committees for standardization divéctives. Therefore, the proposed service fdi-ce
fying the sustainable production of bioenergy pridwvill be defined in close co-operation and il
analyzed with regard to its practicability. The etijve of the service is to provide a certificatiminsus-
tainable biomass production to a given crop.

4.5 Buildings

The service D1 is entitled "Computation of the alirighting energy savings resulting from the cohtr
of blinds and artificial lights by daylight, for bding design and retrofit, energy regulation pyl@gan-
ning, and private investment". Low-consumption ggeasuildings have to rely on a larger use of dadtlig
to reduce the use of artificial light as much asgige. Artificial light should be seen as a commat to
daylight, so its power should be controlled acaogdio the amount of daylight available indoor. By
more daylight into the building should not leadozupants’ discomfort. Blinds should be availabid a
controlled according to daylight. There is a stréing between daylight availability, blinds use aaudifi-
cial light use. The energy savings resulting frotarger use of daylight cannot be evaluated igmptims
link. Users need a reference tool to know how memérgy, can be saved every year, from increasidg an
optimizing the use of daylight with control systenikis information is essential to compute the netan
investment and make decisions on building desigretofitting, energy regulation policies, produle-
velopment...

The service will compute the annual energy consigmpised for lighting a room in which blinds and
lights will be controlled by daylight. The userstbé service will be able to define the size aredghape
of the room, the reflection factors of the surfadee number, size and orientation of the windais,
transmission of the glass and of the blinds, thletiing system. The blinds and the lights in thewaoill
be controlled by daylight to satisfy visual comfartd performance. The users of the service withlile
to select different control systems available o tiarket; they will be able to define their own ttoh
strategies. The service will allow users to comghfferent scenarios: number and size of windowesi-c
trol strategies... Users will be able to produiits for any site in Europe.

5. Mutual benefits between GEOSS and ENDORSE

The execution of the research in ENDORSE partligsedbn the GEOSS. Of practical interest, are the in
teroperability capabilities offered by the manylsoget up by the various stakeholders. The metadata
standard means to describe data and services. ¥wheigditor set up by the INSPIRE team to crdage t
metadata describing all services in ENDORSE, whdtiey are Web services or not. These metadata are
hosted in a catalogue, namely a catalogue sergicthé Web (CSW). This CSW is a component regis-
tered in the GEOSS common infrastructure (GCI) eema be harvested and searched from the GEO Web
portal and alike (Resch et al., 2009). Thus, th®BRSE services can be discovered easily. ENDORSE
is benefiting from the CSW specific to energy eksaled by the EnerGEO project co-funded by the EC
FP-7. Several services developed in ENDORSE ahereiWeb map services (WMS) or Web processing
services (WPS). Once they are discovered, suclicesrean be executed though a simple browser, thus
making the Web a computational platform (Perciedlial., 2011; Robinson et al., 2009). Reciprocally,
ENDORSE provides feedbacks to GEOSS on the udeeséttools via indirect participation to the archi-
tecture implementation pilots. ENDORSE provide® alaluable information on users needs in energy,
thus contributing to the users interface committetne GEOSS.
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6. Conclusion

The ENDORSE project is the only one dealing witergy within the projects funded by the GMES part
of the EC FP7 programme. It is presently consdlidatiools and methods for modelling environment tha
are necessary for an efficient exploitation of datan GMES services and other EO capabilities. tBuiil

top of these, services will be developed to ansveeds expressed by public authorities and companies
ENDORSE will therefore support the economic sustaility of this sector. It will realise tools aingrat

an increasing use of renewable energies, with eedsing dependency of Europe on fossil fuels amd no
European suppliers. It supports the efforts towardsistainable Europe and contributes to the Earope
excellence in the space sector.
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