EOGNIKO METXOBIO ITOAYTEXNEIO
2XOAH HAEKTPOAOI QN MHXANIKQN
KAI MHXANIKON YIIOAOI'TXTQN
TOMEAY HAEKTPIKHY [XXYOX

vE

L% 21 1]

EEAHSE

M

ms- "+ no [7<

~

B " Ah X 187 _w>j " . HAMO






EOGNIKO METXOBIO ITOAYTEXNEIO
2 XOAH HAEKTPOAOI'ON MHXANIKQON
KAI MHXANIKON YIIOAOI'TXTQN
TOMEAY HAEKTPIKHY IXXYOX

RISV
AvRE$aRa

3

n~ " <9 .SA¥Kh” uh _y'h o -
rhl 1 J 1 _Il r.1¢r ¢I¢

rl-l q ‘Iq B h_ _(;l "A B_—’!! _>’BV<—IIII B_V'B/\_ hXX_XXX)

XXXXXXXXXXD XEXXXXXX XX

'](:DUh_y'h'.l"’v‘ J'(_‘Dmlﬁ+'l.l'<'lh®‘rh_h

e " Ny e h o ¢f @ nff (we _ -~



XXXXXXXXXXO
Lo <

me -

n

’

<

J

+

>

h v

- ’

/ 2 LI NRA IK

(

B

B

, <h

~

n
'

E< B ©

Gn']B_'.I'

Vi 1

- h A

~ '

"Shh®Y¥m o " rh T hA ¥ "k wn
* h B >~ Y ‘Iﬁ‘ ’ e Y- (D rl"_’
[ ¢y B ¢ A -1 e " [
W & B ! ¢ 'h A ANhA 1 Shop! B
h! 1T h . L TR ¢ R C_' ¢ v -
?‘.I h , wh @

B f > h h - T B two, YA h *
B S N\i; g -0t 'h>/\s_ v '_WV ‘B



A~ > —~

[

> —~

_"“' o 'h’“,"l 4“<,>h_'¢"l B’Jh"h' E > Ah! ! h
R 2 I A S AR
¥ > Y A w <Y . 17 A8 _ h 8 MATLAB 'Jh{>'>hh’__'t5"_" Cw's [ “hg "'t j{h’</\<s“_/\l
B <, T o STt h . AN T hTE " >EAL, A KTt >t 00 A
¥ ! j Y m B t h B A ' h <1 ¥ 7 2 8 5y . B ¢ N >"B""." Lha 5'>““‘<“>1h'|¢
AL h w8 "' P B_ ¥ ‘_""I >h. T 1 ¢ h* ‘_' >80,
8- _h Y E A <h>j h s .- 7h T _ h >th o sg oo LA
AW S . - . ThTw, YA ht B . 7 < ISKIROMH hrl“" ‘h"l'z 4Y" hh ot otrEAS
- Q_' ' >'hl Y o< <"‘>W/\" B‘(\"/\hl h Ah Y " ¢Ch > B !
o< B _“hl’rhj',“1<"lczlt?’"‘h’t.‘“ts“’hh/\‘huﬁ"h<’,h/\'_,/\ “/\"_'
. jh<<“‘/\ YA "'j<5Y"|q)'m1_"""“'|5l mh’um‘c’m)lhzm"“‘ <h >j

‘/\"'_‘Q‘h _h BV".Y
_r"s,h<h""/\5|\_/|h' >*' h s * >hao 1" ‘_'/\ - ) o< B ! _l. h v Y <°
‘h{'ﬁ‘h"s_ "" <h>jh/\“‘/\ . -~ h ¢h A YA - " h >, > !
¥ A _"’<‘5 CB_>'_'V(.‘""IV ‘5 AW 1 B " h ) [0)
_r“s , h <t th™ “|_‘| o hyu_ h‘ANEMOS‘ W 'Ah 7 th S Sh _h > B U h<, LA h - Y
“"/\ h/\h‘_“‘s’ 1" h <Y1 h "t h* 5" o _,IJ<B'|. o h
_r“s,h<rf‘h“_h@’h,“/\_h‘ _h j h > " ¢h >“/\_w£hl —""jwlg,“"l/\ !
/\h‘_‘l‘s’ _h _B<B‘_h’h . AT h ¢ h J’/\B_h' > h B '
_r"s,h<h"h""’|-‘|"hy"/\_h' _h h oot >t Ch >Y A _ wcgh ¢ ht Y~ 5
E LT >wAh oot .7 o >TA_w<Y >h O
_r"s,h<h""/\sph“4>h’_5" h Ah ¥ " h ‘_"“ 'h'th/\_Bl -
o< ! o h‘“<‘¢"| “,"’I ¢ h: o “/\wlu‘h -h’“‘
, h<>h 7 e A>T AW, AT Tl gL D
g, h<skh>jidgas - 7h >th 0 8 A" hAMM ™7 A AB T LA
! ‘>"""“,/\_h‘ YA B A < ', B 1 h > h ¢ ht 'h"’“'h
¢ T < v he ¢h _ A " A BATL.>H _ - AN AB N S
<
_r"ts)h<ﬁ'h“'"-|- thy YA h =« h Ah < ‘Cﬁlﬁ_"o st‘,{"lw?u‘_:f\"‘h;iu"
YAt p*t>h B o< _h mp <™ _ho
_r"s,h<h""/\5yh‘ ' ‘h"’“’h" _"‘ _5<‘C", >"/\_W<"‘ -y
TY B <w® >h h ! IMATLA’B“h"'>V5’\/+h‘1"’I/\_‘h_"’ Ch - ¥ b= h LN : >
JG"/\"{‘_hq"’ts O A B¢ 1Y, _ A



[WVB‘ C <8 ' 1 * N

J'"j<i57' h * Y <«*he'"Y <« *=Chh” h~1h, 7u¢"h 55 h =~ ¢ ¢ S ¢ h > A w < h

1 h Yo AhSY 3§ h AT >SW AT . h 7 B S AB Y N 1 ¢

h = ' < ., h<>h

Abstract

The aim of the present dipina thesis is to develoan integratedshortterm wind power forecasting
model based on neural network§he presented model is computed using the MATLAB program. In
the framework of the developed model, particular emigis given on the improvement of the

quality of the numerical weather prediction data, which is achieved through a wind feature
propagation estimation algorithm in the area of interest. Since this algorithm provides an estimation
of the velocity of windn shorter time steps than the one provided by the NWP, i.e. 15 minutes, we
chose to reduce the prediction time step to 15 minutes as well. In addition, the present thesis
provides all the background concerning wind power forecasting, and in particulamadst common
methods developed until today, the use of numerical weather prediction models and the factors of
forecasting uncertainty. The structure of the thesis is given below:

Chapter lintroducesthe main procedures of wingdower forecastingas well as the contribution of
forecasting to the power market.

Chapter 2presentsone of the biggest projects in wdrpower forecastingthe ANEMOS project.

Chapter 3presents the basic wind power forecasting models and focuses particularly onthe CF
models.

Chapter 4summarizes the most commonly used numerical weather prediction models which provide
the meteorological input to the wind power forecasting models.

Chapter Sintroduces the factors that cause uncertainty to wind forecasting and preghatmain

error evaluation methodsind uncertainty measuressed.

Chapter 6analyses the neural networks used in the developed model and presents the main aspects
of methodology with regard to the implementation of neural networks in the forecasting model
Chapter 7presents analytically three vgions of the algorithmusedin order to reduce the prediction
time step to 15 minutes.

Chapter 8analyses the fully developed wind power forecasting model, summarizes the results of the
MATLAB simulation antbmpares the 3 versions used with regard to their prediction efficiency.



Key words

Wind power forecasting, wind farms, numerical weather prediction models, CFD models, self
organized maps, radial basis function networks, mean absolute error.
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University of Athens (AMAWFG) SKIRON NonHydrostatic
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