Local and Regional PV Power Forecasting - Combining on-site
Measurements, Satellite Data and Weather Predictions
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1. Why do we need solar power forecasting?
2. What kind of models are available?

3. How to achieve reliable solar power forecasts and reduce forecast errors?
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New structure of electricity supply system
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ZE SRk 2B F M Grid integration of PV Power in Germany
FR M EB 132 S5 iiMarketing at the European Energy Exchange
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Energy trading and forecast horizons
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BB 77N B3 17 48 Electricity Spot Prices
=R B3 Z 4118 high deviation of intraday price
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Overview of irradiance prediction models

L1+ 1R A statistical learning models
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Numerical Weather Prediction NWP
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B description of atmospheric processes with differential equations (prognostic
equations) and parametrizations
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HEKRKS IR - BK IR Numerical Weather Prediction NWP
RS F E (IR provided by weather services

£115] Examples: COSMO EU, dir. irradiance

04-05-02, 12:00
B 2ERIETITEHR global model forecast R
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for Medium-Ra
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g iR TR NWP irradiance forecasting
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Meteorologicd ~ resolution:
1-3 hours, several kilometers
7km x 7k

forecast horizon: up to several days
hourly
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1% 112 = Bl 7R Satellite based irradiance forecasting
BF/mB}ﬁ' M| Cloud motion forecast

B FETHeliosat R IB R =158 E 3k B Meteosat 1 Meteosat Second Generation (HR-VIS)

B cloud index from
Meteosat images with
Heliosat method

Hammer A., Lorenz E: 'Solar Energy Assessment Using Remote
Sensing Technologies', Remote Sensing of Environment 2003
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1% 112 = Bl 7R Satellite based irradiance forecasting
= E i 170 Cloud motion forecast (CMV)
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B cloud index from Meteosat images with
Heliosat method

B cloud advection:
cloud motion vectors

extrapolation of
cloud motion to predict
future cloud situation

Hammer A, Lorenz E et al: Short-Term Forecasting of Solar
Radiation:A Statistical Approach using Satellite Data, Solar Energy
1999

10

I

—~ Fraunhofer
ISE



1% T E =Bl FiHz Satellite based irradiance forecasting
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Example: NWP and 2 hours ahead CMV based forecasts
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2h ahead CMV forecasts can capture fast
PV power changes
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Power measurements for very short term forecasting
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Source: Kithnert J: Development of a photovoltaic power prediction system for forecast horizons of several hours.
PhD thesis University of Oldenburg, 2015
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SeThEEFRRAEL S HT PV power forecasting and evaluation
A R p S g A B4EE! Different input data and models
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SEThE TN 5 95 ¥ PV power forecasting and evaluation
SR EE S ] PV measurements

B 2013%3~11 A March- November 2013
B 159MiEE 15 minute values

B 921N EENIELE 921 PV systems™ in Germany

BRI basis for

B BEEMvery short term prediction
B Z3UTSUIE statistical training

B SHT4ESR evaluation

*)Monitoring data base of Meteocontrol GmbH

Source: Kiihnert J: Development of a photovoltaic power prediction ,
system for forecast horizons of several hours. PhD thesis University of Oldenburg, 2015
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forecasts for German average :E_, st
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S ThZE TN 5 73 #r PV power forecasting and evaluation

RMSE in dependence of forecast horizon

B3 — I 2 single site
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up to 4 hours ahead forecast horizon
M persistence better than ,
15 minute values,
CMV forecasts normalization to installed power P,
up to 1.5 hour ahead only daylight values,
calculation time of CMV: solar elevation > 10°
16

Source: Kithnert J: Development of a photovoltaic power prediction —
system for forecast horizons of several hours. — Fraunhofer
PhD thesis University of Oldenburg, 2015 ISE
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34T PV power forecasting and evaluation
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RMSE in dependence of forecast horizon

AR ENEESE

B improvements with persistence and CMV larger for 20 |

regional forecasts
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17 Source: Kithnert J: Development of a photovoltaic power prediction
system for forecast horizons of several hours.
PhD thesis University of Oldenburg, 2015
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S ThZE TN 5 73 #r PV power forecasting and evaluation

RMSE in dependence of forecast horizon
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comparison of German average and single site forecasts:
B SEEHIREMEEEE —UE TN EERFIEA1/3
B RMSE for Germany about 1/3 of single sites RMSE for NWP forecasts
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Source: Kithnert J: Development of a photovoltaic power prediction

system for forecast horizons of several hours. % Fraunhofer
PhD thesis University of Oldenburg, 2015 ISE
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SEThE TN 5 95 ¥ PV power forecasting and evaluation
A~ R 5 A ZUEFTE EY Different input data and models

PV power predictions
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SEThE TN 5 95 ¥ PV power forecasting and evaluation
A~ R 5 A ZUEFTE EY Different input data and models

PV power predictions
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S Th 2 7l 5 93 #r PV power forecasting and evaluation
¥ AR 1= ZRMSEF T B (B B2 B R %

RMSE in dependence of forecast horizon

single site German average
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e 1 combining different models 1 B

for
B HEBRBRME
B ZERBEAESNEERA  E3IMSREBESEERI

with statistical learning

B forecast combination outperforms single models for all horizons

B improvements with forecast combination larger for regional forecasts

Source: Kithnert J: Development of a photovoltaic power prediction

system for forecast horizons of several hours. % Fraunhofer
PhD thesis University of Oldenburg, 2015 ISE
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Summary
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Different forecasting models for different forecasting horizons
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PV power forecasts based on satellite data significantly better than NWP based
forecasts up to 4 hours ahead
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Summary

n HEREFLURFIRBREE

B Model combination improves forecast accuracy for all forecasting horizons

B XL EARIZDMANRERESHINNEEE S T R ABLL

M Forecast accuracy for regionally aggregated PV power or clusters of distributed PV
systems is much higher than for single PV sites
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Thank you for your attention

Fraunhofer Institute for Solar Energy Systems ISE

Elke Lorenz, Jefferson Bor

www.ise.fraunhofer.de

elke.lorenz@ise.fraunhofer.de
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= E Yt{K 5 Lk Contribution of PV power in Germany
BN B E5KEHEE Net installed power and electricity generation
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Source: www.energy-charts.de
Datasource: AGEE, BMWi, Bundesnetzagentur; Last update: 19 Apr 2017 23:18
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Solar power forecasting for energy management and system integration
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Solar power forecasting for energy management and system integration
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Power measurements for very short term forecasting
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Source: Kithnert J: Development of a photovoltaic power prediction system for forecast horizons of several hours.
PhD thesis University of Oldenburg, 2015
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Power measurements for very short term forecasting
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Source: Kithnert J: Development of a photovoltaic power prediction system for forecast horizons of several hours.
PhD thesis University of Oldenburg, 2015
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