IZE C PTIMIZATION OF WIND
H' TOVOLTAIC SYSTEMS

"j\.’

— Dr Fatih Onur HOCAOGLU
_. Afyon Kocatepe University
=== === Electrical Eng. Dept.




ouume

SO R =§ ation Data Analysis
2 Wigel Jr 'ed Data Analysis
J e J_,J_r orecasting

&5 — pt|m|zat|on and System Modeling




_—
Radiation, Data-Analysis

Solar radiation(a/m=)

() Lk RCAREAR) SRR ARHIRES \ I | !

[ | | LA ’! I I
1000 2000 3000

lL1], il . , 00 AR LR BIAM
5000 600 7000 8000 5000

1000

Hour



== — Xpu— ¥4 0.630 0.397

Xys— Xa 0.870 0.760

Xyu— X 0.740 0.548



n.Data-AnalysIs

10

#Radiat




e

SelciPRadiation, Data-Analysis







T




T
Or)rJrruF o)< |C|ent near




.
Oplimal efficie‘FE Linea
Pieadiction Filterss

1D-Filter 3

1D-Filter 1 1D-Filter 2

x X
) 3
= =
x X X
W o =
P [ [N



Cotinle

Precfl

;.’4-_ -
£




-

[ U TR O T U N ' T [N M %
. TR U W T T T T YR YO MO T
e B b b b b b b kb k b b kL
T T PO T V0 U O O U R MR R R
-L e b ke

In

L] | 1
i

_r_ _____._-r
b s
ok
1
. b

=

Templat



Novell/ ﬁgTyticaI Modeling Approachi-
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A - B

b
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| 13.4000 28410
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Solar Radiation Data =
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1 kayankl1 Gauss yiizeyi i¢in;
a(day) =364 xsin(>* PV ) 1621

=)
7

c(day) = 2.117 xsin>* PP/ ) 19 644

_((hoau~_12.5yd )
Surfacel(day,hour) = a(day) xe e(day)

""""2 kayankl1 Gauss yiizeyi igin;

- a(dan) =276 csin@* P/ 41209
¢, (day) =1.234 xsin(2 % P1* da%zo) £1.715
a, (day) = 302.5 xsin(2 X P da%zo) 185.9

e, (day) =1.537 xsin2* PP/ ) 11 465

_((hour—IZS/ . )2
Surface2(day,hour) = a,(day) xe ¢ (day)

(hour-12.5) 2
_((hown A(dm))
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Approach

0.91 029 0“ f.‘fi. 0.00 " 0.00 D00R0)000:0050:0050:0050:00:50:005 5
0.15 0.4 G 8', 0)06° 0.02 0.00° 0.00" 0.000 0.000 0.00 0.00° 0.00 0.00
0.04 0.20 6-10.23 0.06 0.01. 0.01 0.00 0.00 0.00 0.00 0.00 0.00
0.01 OOJ F 0'0.45 0.22 0.06 0.01 0.00 0.00 0.00 0.00 0.00 0.00
0,00 Uee 'O 06 0.26 0.42 0.20 0.04 0.01 0.00 0.00 0.00 0.00 0.00

= -,0(( GG ‘0,01 0.07 0.28 0.41 0.18 0.04 0.00 0.00 0.00 0.00 0.00

'1

- ‘.re
——

00~ 0:00° 0.01 0.01 0.07 0.29 0.39 0.21 0.02 0.01 0.00 0.00 0.00
’TJOOO :0.00° 0.00° 0.01 0.02 0.09 0.30 0.38 0.17 0.02 0.00 0.00 0.00
_OOO 0.00 0.00 0.00 0.01 0.04 0.12 0.33 0.39 0.08 0.02 0.00 0.00
0.000 0.00 0.00 0.00 0.00 0.01 0.03 0.18 0.27 0.37 0.08 0.05 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.09 0.23 0.41 0.09 0.00
0.00 0.00 0.00 0.00 0.08 0.06 0.00 0.00 0.15 0.31 0.08 0.31 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00



0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.08

0.00 00
0.00 001
0.00 000
0.00 000
o.ooo
0.00 0,00
000 0.00
0.00 000

0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.06 0.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00,400 0.00 0.00
0.00 0.00 0.0COOO 0.00 0.00
0.01 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00
0.01 0.00 0.00 0.00
0.01
0.00
0.00
0.00
0.00
0.00 0.00 0.00 0.00 0.00 0.00 1.00 0.00



v

WIRGEESPEEC

APPIOEC

0.00
0.00
0.09
0.09
0.00

.00
OTJ_)-«»F ;["’-"003 '

e ——

—""“"F @G - -.0‘—0

——,&—'

'_...—'-

—

—

0.00
0.9
023

0.7

0J05¢ =3

”

0100 -

o.ls,;. )
“.

/007

0); /4 'Lso 24

}-
‘J‘." O
- 14

‘f '3

Q,f f—rb‘ozr

‘O'OG" _O 00
000 O.QO
0.00. 0.00

0.00

0.00

'O 00
0.00
0.00
0.00
0.00

028
0.15
010

0.05
0.02
0.00
0.00
0.00
0.00

0,00

0.05
0.14
0.23
0.23
0.18
0.10
0.04
0.02
0.01
0.00
0.00

odeling usin

0.06
0.11
0.19
0.30
0.17
0.10
0.06
0.02
0.01
0.00

T

0.04
0.05
0.12
0.16
0.28
0.20
0.12
0.05
0.03
0.02

.

0.01
0.03
0.07
0.10
0.17
0.25
0.23
0.12
0.05
0.04

0.00
0.01
0.02
0.04
0.10
0.18
0.25
0.22
0.13
0.05

0.00
0.01
0.03
0.02
0.04
0.11
0.13
0.25
0.22
0.15

0.00
0.00
0.00
0.01
0.02
0.05
0.10
0.18
0.23
0.22




T
WinleSo)elele odelln usine NLJL@V
APPHOA '

A\ B

A B »
,, — L N
ﬁﬁﬁﬁ

,_.;.'.

— is transition probability in the it" row at the k" state



0561 0.29
|

0.18 0.47
0.04 0.20
0.01 0.05
0.00 0.00
000 0.00
0.00 0.00
»

0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 0.00

0:00' 0.00

0.08
0.28
0.46
0.20
0.06
0.01
0.0l
0.00
0.00
0.00
0.00
0.00
0.00

0.02
0.06
0.23
0.45
0.26
0.07
0:01
0.01
0.00
0.00
0.00
0.00
0.00

0.00
0.02
0.06
0.22
0.42
0.28
0.07
0.02
0.01
0.00
0.00
0.08
0.00

0.00
0.00
0.01
0.06
0.20
041
0.29
0.09
0.04
0.01
0.00
0.08
0.00

0.00
0.00
0.01
0.01
0.04
0.18
0.39
0.30
0.12
0.03
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.01
0.04
0.21
0.38
0.33
0.18
0.18
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.17
0.39
0.27
0.09
0.15
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.02
0.08
0.37
0.23
0.31
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.02
0.08
0.41
0.08
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.05
0.09
031
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00



Wind. seed Modeling Wﬁr«o

Ao ach -~

y o -~y

YGANO)GOR0)0Es00 RSO0 MO0 MO RE00 00 400/ 2500/ 200 100}
INER0YGY 0192 0,98 1.00 1.00 1,00 1.00 1.00 1.00 1.00 1.00 1.00
0.04 02 9-_,0.92 0.98 0,99 1.00 1.00 1.00 1.00 1.00 1.00 1.00
OOIN0)6 0126 0:72 0:93 0.99 1.00 100 100 100 100 100 100
0.00 .00 06 0:32 0.75 095 099 1.00 1.00 1.00 1.00 1.00 1.00
=0/00° 0,00 0,01 0,08 0.36 0.77 0.95 0.99 1.00 1.00 1.00 1.00 1.00

—
M ™

,;—*
‘-/'

O’-“O 00° 0.01 0.02 0.09 0.38 0.76 0.97 0.99 1.00 1.00 1.00 1.00

ﬂ"—‘

"“’"OOO :0.00 0.00 0.01 0.03 0.12 0.42 0.80 0.98 1.00 1.00 1.00 1.00

\

_OOO 'O 00 0.00 0.00 0.02 0.05 0.17 0.50 0.89 0.9/ 1.00 1.00 1.00
0.000 0.00 0.00 0.00 0.00 0.01 0.04 0.22 0.49 0.86 0.95 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.18 0.27 0.50 0.91 1.00 1.00
0.00 0.00 0.00 0.00 0.08 0.15 0.15 0.15 0.31 0.62 0.69 1.00 1.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00 1.00 1.00 1.00



1 0.6l
0.18
0.04
0.01
0.00

2:/.

3

4

5

6 0.00
7

8

I
— = —
——
—
.
—
—
T ——

0.00

0.00
9 0.00
10 0.00
11 0.00
12 0.00
13 0.00

0.90
0.64
0.23
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

l

0.98
0.92
0.69
0.26
0.06
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

1.00
0.98
0.92
0.72
0.32
0.08
0.02
0.01
0.00
0.00
0.00
0.00
0.00

1.00
1.00
0.98
0.93
0.75
0.36
0.09
0.03
0.02
0.00
0.00
0.08
0.00

1.00
1.00
0.99
0.99
0.95
0.77
0.38
0.12
0.05
0.01
0.00
0.15
0.00

1.00
1.00
1.00
1.00
0.99
0.95
0.76
0.42
0.17
0.04
0.00
0.15
0.00

1.00
1.00
1.00
1.00
1.00
0.99
0.97
0.80
0.50
0.22
0.18
0.15
0.00

1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.98
0.89
0.49
0.27
0.31
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.97
0.86
0.50
0.62
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.95
0.91
0.69
1.00

SVinG Spéed Modeling using JMarkoy;

ARERC
Assume 2 and 0.76 are generated

1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00
1.00 1.00




VineSpeed Modeling using Markoy,

p .

1 0.6l
2 0.18
3 0.04
4 0.01
5 0.00
6 0.00
7 0.00
8 0.00
9 0.00
10 0.00
11 0.00
12 0.00
13 0.00

0.90
0.64
0.23
0.06
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.98
0.92
0.69
0.26
0.06
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.00

MABProach

_ Let t.he generated random number be 0.2

1.00
0.98
0.92
0.72
0.32
0.08
0.02
0.01
0.00
0.00
0.00
0.00
0.00

1.00
1.00
0.98
0.93
0.75
0.36
0.09
0.03
0.02
0.00
0.00
0.08
0.00

1.00
1.00
0.99
0.99
0.95
0.77
0.38
0.12
0.05
0.01
0.00
0.15
0.00

1.00
1.00
1.00
1.00
0.99
0.95
0.76
0.42
0.17
0.04
0.00
0.15
0.00

1.00
1.00
1.00
1.00
1.00
0.99
0.97
0.80
0.50
0.22
0.18
0.15
0.00

1.00
1.00
1.00
1.00
1.00
1.00
0.99
0.98
0.89
0.49
0.27
0.31
0.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.97
0.86
0.50
0.62
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
0.95
0.91
0.69
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00




.

peed Modeling u@ng,Ma-rkgL

12

WIRG
APPIOC

- oW
- R
- -. —
" =
- ? Q
-l @ 6
L o
- BN
S . =
c 4
-—
-

N

AN

w10
=
5 8
2 g
2
2000 3000 4000 5000 6OO0 7000 8000 9000
Hour



T
WinleSo)elele odelln usine NLJL@V
APPHOA '

Generated Data from Generated Data from

Model-1 Model-2
o 0.02 0.00
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_:j,\ﬂ’egn ) 3.16 3.61
= MeaIan' 3.35 2.95 3.47

Std 2.11 1.91 2.02
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SNINGI0f vital importance to forecast the
possibleload that the system will meet for
PIOPEN Size determination.

= Or c'e'the load forecasted, the alteration

.o—>

“curve of energy needs must be obtained.

-L —

jO In general the resulation of this curve is in
hours.




SIzexOptl |zat|on anﬁ S ste
MeEeling

OPEN rn~l odi | o for details

a--
o

R

—--..
- : ._‘..-—:: -
e = = -
— o ——— -
- . — i
—— T
p— —
- - ® - — m—
-



