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General Remarks

Presently wind and solar energies are considered those with the best chanc RSRE
compete with fosstuel energy production, and anywhere in the world it is vl

possible to extract energy from these sources.

From the climatic point of view, the burning of fodsiéls increases the greenhouse gas
(GHG) emissions, and it is known this is related to climatic changes whose effects are
increasingly evident, to the point that adaptation policies have to be defined and adopted by
every country.

Wind and solar energies will play a significant role to face with future demands and

CO ntrl bute to the red uCti( Grafici della numerosita e della potenza totale cumulata degli impianti entrati in esercizio con iltﬁonto Energia.
Aggiornamento al 31 LUGLIO 2014 - i dati degli ultimi mesi sono da considerare provw:ori.
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Power capacity in Italy in 2013

The total energy produced in 2013 from renewable sources account for 40%
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(19% from hydro; 5.5% from wind and 7.4% from solar, for a 13% of the total

production).
Total power production inltaly - 2013 (source: Terna)
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Power capacity in Italy in 2013
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More than 96% of solar installations have a capacity of less than 100kW, most of them s Sistema

scale rooftop installations, and they deliver their power directly in the LV grid.

Energetico

Even if the rest of the PV installations accounts for the 70% of the total capacity and their

energy is delivered in MV and HV, in some summer sunny days theslemant PV
production is so large that all the thermic plants have to be disconnected.

CDF - Neminal Power — Italy 2012 CDF - Number of Power plants - Italy 2012
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Total PV nameplate
capacity:18.4 GW




Are power forecasts (accurate and reliable) really important? \ RSE
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All over the world, the eveincreasing role of renewable energid$f requires more and more
accurate prediction of energy production at a specific site and over different time scales, ranging
from few hours to some days aheagefy short andshortterm forecasting):

A

The challenge for the electrical grid operators is to synchronize at every time the energy production with tt
demand. Due to the highly variability of solar and wind energies, this problem is becoming more and more
complex.

ly STFAOASYG RSOSt2LIYSYyld 2F GKS FdzidzNBE SySNHe@& L
management and an increased flexible storage capacity to cope with the fast variability of the renewable
energies (i.e. solar and wind), and with the fluctuating demand-¢sel§uming).

Power foreastsmustbe used in a smart grid control system to optimize system reliability, security, and asst
utilization.

Stronger winds in Northern Europe, higher values of insolation in the Mediterranean region would require
efficient way of sharing and exchanging energy across borders: power production forecasts should be ma
for the whole European continent.

Financial aspects have to be considered too, because inaccurate forecasts lead to large fines to those
producers that sell their electricity on the market. Currently, in Italy the rule is that big producers (which
farms are larger than 10MWp) have to define, by 8AM (now by 10AM), their hourly production plan for the
day-ahead. Producers are charged a penalty, depending on the deviation of scheduled and delivered pow
and on the different prices of the daahead market (MGP) and of the ancillary services market (MSD).

Ricerca sul Sistema Energetico - RSE S.p.A. |ncreased flexibility through forecastin®. Ronzio




In a nutshell
s
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How are PV/wind power forecasts obtained? RSE
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A Solar irradiation and wind speed are the basic element¥)RE systems, and an
uncertainty in these parameters affects directly the ability of forecasting power

production.

ATypically, energy PV production forecast comprises different steps:
I Sitespecific forecasts of global, direct, diffuse horizontal irradiances and some other meteorological

variables:

A In the very short time scale esite from minutes to a few hours, measurements and autoregressive methods or
neural networks are appropriate.

A Information on cloudiness is necessary and is obtained from remote sensing , as sky cameras and satellite images.
By means of satellite images, irradiance forecasts show a good performance for up to 6 hours ahead.

A From 6 hours onward, numerical weather predictidV§P) models forecastat least on an hourly basisll
necessary meteorological variables.

i Retrieving of information on the type of PV plants (if fixed, or with-@metwo axis tracking system,
geographic location, exposition and tilt).
i Physical and/or statistical pogrocessing methods for estimating PV energy production. Physical

ones need a PV simulation model (evaluation of the DC and modeling the inverter characteristics)
feeds by orplane irradiance forecast. If no information is available, only statistical approaches are

possible.
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A But:
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The atmospheric system is intrinsically chaotic, more and more evident with the
increasing predictive horizon.

Even if horizontal and vertical resolution of the newest models may be very high, some
lack in surface descriptions and, above all, some deficiencies angiowglifications in

the parameterizations of some physical processes (such as in turbulence, in
microphysics, and in radiative transfer models), are generally present.

The problem about uncertainty in initial conditions remains.

A How to manage with these problems:

Betterresults can be achieved using differéitVPmodels, following a mukimodel
approach, fothey havestrengths and weaknesses in different situations.

Different postLIN2 OS a4 aAy 3 06SEFOGKSNI h L26SNL &aK?2d
Probabilistic approaches are necessary, because these methods can generally give eve
a measure of the uncertainty of the power forecasts:

A in the end someone has to take risks, so it would be better to know something about the
reliability of the forecast
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Description of the thermodynamic state of the atmosphere
A By means of numerical models. The accuracy might depend on the meteorological variable

A The outputs must have at least an hourly basis (a lot of CPU, huge amount of\data) RSE

-----
-------
-------
------
s

Global Model (IFS-ECMWF, GFS-NOAA)

A Output: P, T, Q, U,V, SST at 0.125A 6.25A +72/+84h

A Theirouputsare the BC/IN for limited area models,
such as RAMS or WRF.

Numerical Weather Prediction Model RAMS

wC/BC provided by IFS/TECMWF, GFS/NOAA
wWertical resolution: 36 levels, up to 16km heigh
oHorizontal resolution: 5km x 5km or 4km x 4k
oParameterizations:
oConvection: Kuo scheme
o«Radiation: Harrington modified scheme
uSurface: LEAF3 scheme |
oMicrophysics: fully activated
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Measurements validation 6 POWSAF technique
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Application of the Analog Ensembtechnique using
estimates of global horizontal irradiation retrieved by mea
of satellite data (RADSAF method, developed by RSE).

1 The days for which the following conditions occur are

excluded from the dataset of measurement:
w ¢KSNBE INBE fI 3a
w ¢KS YSIada2NE R2Sa y2i 0685
mean value, of a width equal to:
w I aA4GFyRFENR RSGAIGAZ2Y
w 062 a0l YyRINR RSOAIGA?Z2
It requires at least two iterations to clean up raw data.

RADSAF
dataset

P5J [ 6700301 ]- 2012-06-18 P5J [ 6700301 ]- 2012-06-27
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Measurements validation 8POWSAF technique (PU 6801301 8June 2012)
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Something about scores

50% 1h 2h 3h 1d 2d 3d
Various types of forecasts: long term, short term, ani =
very short term. Different aims and different scores /
L
. mostly cloudy
Forecastdor singleplant: e
A Performance depends strongly on the climatology of si ; - [IEERIE 2
relativelyhigh accuracies are achievaloblesunnyclimates, the same number mostly clear  F§ |
are notrealisticin cloudy locations .
A Scores depend on place, year and month, size and typ i
of the installations el - - ol
According to published begracticesthe lowestRMSE (establishealer longterm analysis Time ahead (minutes)

time span) fothour aheadorecast is around 15% and for a day aheatound 2@%6

: : . Y a{2¢
(normalized by the mean). Source: VKostyley A.Pavlovsiki H n MM a {

Forecasting Performanag¢ 2 6 NR&a Ly Rdza i
Proceedings of theslinternational Workshop on the
Integration of Solar Power into Power Systems, Aarhus,
Denmark.

Forecasting over large domains produces better results than for single plant:

A

A

A

The power fluctuation level of a PV system depends on its size. A PV systatihsout
fluctuations in a manner inversely proportional to the square root of its area.

Moreover, the power fluctuation level in a zone where a group of PV systems are connected
depends on the number of plants of the set, following a decreasing exponential relation.

Regional forecasts show an improved agreement between forecasts and measurements, with
narrow confidence intervals for different weather situatioreggregation would be better!
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Some results dsingle PV plant
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Some results dsingle PV plant
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Forecasts for single PV plant Ricerca

Sistema
Energetico

Scatter BAYES-D- - N=2966-201401-201412

oooo

“

<) Alldaylight data in 2014

Only almostcorrect irradiance data

5000

1

e
00

f
10

P
5000

0

rRMsES B48 B 4

Ll

o

o
8 2
o~ 0
~

)]

4 8
b vy e
g - & 3
3
&8 B =

& o a
M H O
U v o
¥ © 2 0
0o © 0 v

& 9 B

)
o 5 3 o
0 5000 10000 15000 20000 0 5000 10000 15000

Power obs Power cbs

Ricerca sul Sistema Energetico - RSE S.p.A. |ncreased flexibility through forecastin@. Ronzio




Some results
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