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Therefore, forecasting the

expected solar resources becomes increasingly important for the stable operation of these essential
infrastructures. Depending on the stakeholders needs and prevailing ambient conditions, different kind of

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant
agreement No 864337. The present article reflects only the authors’ view. The European Climate, Infrastructure &

Environment Executive Agency (CINEA) is not responsible for any use that may be made of the information it contains.



Smart4RES

forecast horizon as well as temporal and spatial resolutions are needed. E.g. short term forecast for the
next minutes or hours ahead are helpful to optimize the operation of backup systems dedicated for ramp
rate control. It might be even possible to reduce the needed backup system capacities up to render them
completely needless. Larger forecast horizons are essential for energy scheduling as well as managing
power balancing. However, potentially large errors of forecasts will lead to additional operation and
maintenance challenges and costs due to accelerated degradation of technical facilities, as well as to
unfavorable assessment of electricity prices or increased balancing power demands. Therefore, the
forecast accuracy for different time scales and resolutions is key for a grid with a significant share of solar
power penetration.

State of the art in solar forecasting

Overall three main approaches exist for solar irradiance forecasts.

e local observations (e.g. radiometers, ground based cameras) can provide forecast for the next
minutes ahead. Such forecasts can provide resolutions <1 min for time and <10 m for space.
However, limitations in coverage and forecast horizon exist. The coverage is indeed restricted to
the immediate surroundings of the local observation and to horizons ranging from a few minutes
to about half an hour.

e Forecast from geostationary meteorological satellites cover large continental areas with typical
resolutions between 2-10 km in space and 15 minutes in time, while achieving reliable forecast
horizons up to 6 hours ahead.

e Numerical weather predictions (NWP) describe the state of the atmosphere at a given time. NWPs
are based on a set of differential equations, which describe physical and chemical processes in the
atmosphere, surface, seas and soils starting from an initial state while considering pressure,
temperature, wind, water vapour, clouds, etc. Some relevant processes take place under very
small spatial resolutions, which cannot be covered making approximations based on
parameterization necessary. For the described application resolutions of 21 hour in time and
>1 km in space are typically achieved with horizons of a couple days ahead.

How does Smart4RES revolutionize solar forecasting?

Within Smart4RES, DLR is working together with its partners on possibilities to increase solar forecasting
accuracies. The so-called Eye2Sky network, established in north west Germany, has been used to develop
an advanced forecasting method. In its final stage this network will include more than 39 stations with all
sky imager (ASl), radiometers and ceilometers. The backbone of the network are the ASls. ASIs are ground
based cameras which take fully hemispherical images of the sky. Sky images are processed to extract
information which includes cloud detection, cloud tracking & geolocating, shadow projection and analysis
of radiative effect [1,2 & 3]. Finally, all processing steps are combined to create irradiance maps for the
current conditions as well as forecast for the immediate future. By interconnecting all elements of the
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network and exploiting the redundancies, irradiance forecast with the resolution and accuracy of local
observations are achieved, while covering an area >10,000 km? with horizon up to 2 hours ahead. Using
the Meteosat geostationary meteorological satellites and the Heliosat method, DLR also produces
irradiance maps for the Eye2Sky area with a coarser resolution (2 km / 15 min) and consequently forecasts
with a higher time horizon (up to 6 hours ahead) [4]. DLR aims to improve the accuracy of the regional
forecast by combining the satellite with the ASI based forecasts. This combination will lead to high resolved
seamless forecast for the area covered by the Eye2Sky network. Additionally, the use of the NWP forecast
Arome [5], from the project partner Météo France, will be studied on the forecast combination to assess
the advantages that this NWP data can bring to the seamless regional forecast. Furthermore, the project
partner Whiffle will investigate the potential of data assimilation for local weather forecast from Large
Eddy Simulations (LES) [6]. The high-resolution data from ASls could help defining the initial state of the
LES, which in turn can produce accurate and high-resolution local weather forecasts.

Conclusion

Smart4RES develops complementary methods to blend information from multiple sources of data and to
propose novel approaches towards a seamless view of renewable energy system forecasting at various
temporal and spatial granularity levels. The Project’s partners are investigating the potential of
combinations between different local and satellite-based observations as well as NWPs for improved solar
irradiance forecasts. First preliminary results show significant potential of the Eye2Sky network that
combines in its final stage all sky imager, radiometers and ceilometers. This network can produce highly
resolved and accurate solar forecast covering an area >10,000 km? while archiving horizons up to 2 hours
ahead. Further improvements are expected by including Meteosat and Arome data. In addition, the
potential of data assimilation in LES with local observations from ASls will be investigated.
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