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The wind... ... blows our hair ...
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The wind... ... destroys the forests ...,
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forwards the snow
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The wind... ... blows the flag w
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The wind... ... lifts our kite

Power System Department

Wind basics - Patra, 2012 10



dries our cloths
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And the wind... ...bends the trees .. ...
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Wi nd rose Obuda University

Power System Department

H 6% calm H 4% calm H 20% calm

Ny NE N NE N NE

58% 48% /
Sy SE S SE SE '
8.4% 72%
3 3
Oct Nov

M 6% calm M 2% calm M 19% calm

Wind basics - Patra, 2012 16



Mérések darabszama
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Temp Hi Low wind wind wind H1i algls Heat Cool In  Arc

Date Time out  Temp  Temp Speed  Dir Run speed Chill D-D D-D Temp Int
06.09.03 030 15.2 15.4 14.8 0.0 -—— 0.00 0.0 15.2 0. 08B 0. 000 24.7 30
DB.09.03 1:00 14.7 14.9 14.86 0.0 -—— 0.00 0.4 14.7 0,075 0. 000 24.8 30
06.009.03 1:30 14.7 14.8 14.4 0.0 MNw 0,00 0.9 14,7 0,076 0.000  24.8 30
06.00.03 2:00 14.3 14.5 14.2 0.0 MNw 0,00 1.3 14.3 0. 083 0 000 24.5 30
06.09.03 2:30 14,0 14.2 13.8 0.0 --- 0,00 0.0 14,0  0.090 0,000 @ 24.4 30
06.09.03 3:00 13.8 13.% 13.7 0.0 -—— 0,00 0.0 13,8  (0.0895 0,000 24.3 30
06.09.03 3:30 13,7 13.9% 13.5 0.0 -——— 0,00 0.0  13.7  0.096  0.000  24.3 30
06.09.03 4:00 15.4 1.6 15.4 0.0 -——  0.00 0.0 15.4 0.102 0. 000 24,3 30
06,0903 4:30 15.3 1=.4 1.2 0.0 -—— 0.00 0.0 1=.3 0,104 0. 000 24 .2 30
06,0903 5:00 15.3 1=.4 1.1 0.0 MW 0. 00 0.4 1=.3 0.105 0. 000 24 .2 30
06,059,035 5:30 12.59 1=.2 12.8 0.0 -—— 0.00 0.0 12,09 0,112 0. 000 24.1 30
06,059,035 G100 12.8 1.0 12.7 0.0 MW O, 00 0.9 12.8 0.115 0. 000 24.1 30
06,059,035 5130 12.9 14.1 12.7 0.0 -—— 0.00 0.0 12.9 0,112 0. 000 24.0 30
06.09.03 F 100 16.2 18. 2 14.1 0.0 MW 0,00 0.9 16.2 0,045 0. 000 24.0 30
06,0903 7130 20.1 23.2 158.1 0.0 ME 0.00 0.9 20.1 0. 000 0.037 24.1 30
06,0903 8100 21.6 23.9 20,2 0.0 ME 0.00 0.9 21.6 0. 000 0. 068 24.5 30
06,0903 8:30 20,3 20.8 159.9 0.0 SSE  0.00 1. 20.3 0. 000 0.041 24.86 30
06.09.03 =Ml 21.2 22.3 2007 0.0 SSE  0.00 0.4 21.2 0. oQo 0. 060 24.8 30
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Simple windrose 'E‘

Power System Department

1 nap szélirany-idétartamai
(perc)

NYUGAT

NYDNY

DEL

Wind basics - Patra, 2012 19



Speed-Weighted windrose \E/
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 Direction? Atlagos szélsebesség silyozva 2006.09.07.

» Average speed?
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Main winter directions
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Malin yearly directions B
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. Wind (speed) map for 10 m heights w
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Wind (speed) map for 75 m height \E/
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Daily wind course in diff. heights \E/
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A szélsebesség atlagos napi menete kiilonbozé magassagokban
Szeged, SODAR
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« Measurements or calculations on different heights

« Upscaling — continuous formula to define the windspeed in
other heights

« e.g. Hell equation
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Local wind profile
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Global windforecast services
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On-line: http://www.idokep.hu \E/
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Budapest szélterképe
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Global models \E/

« Supercomputing

e 27 km -> 2,5 km cubes
e Differential e

system
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 Different measurement points
 Different application points
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> Forecast
& Application
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Professional services \E/
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Numerical weather forecasts
Horizontal and vertical interpolation

Wind Atlas Analysis and Application Program + PARK
modell

Statistical elements | /
Meteorological MIN, MEANDER)-etfer
sources (ECMWF, MM5, HIRLAM, stb.)

Result presentation by heights or by isobar?
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Statistical approach
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Weibull distribution
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http://en.wikipedia.org/wiki/File:Weibull_PDF.svg

Local direction changes
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L_ocal speed changes 'E‘
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Speed changes + direction changes = turbulence
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A szélirany és -nagysag percenkénti valtozasa (turbulencia)
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Local wind speed tower measurements in a wi
park, during 4 min, in the range 6-10 m/s

data from: Mov-R H1 Szélerémii Kft., Hungar ]
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Local wind speed tower measurements in a wi

park, during 4 min, inthe range 3-6 m/s ...,
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data from: Mov-R H1 Szélerémii Kft., Hungar ]
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Local wind speed tower measurements in a wi
park, during 4 min, over 10 m/s

data from: Mov-R H1 Szélerémii Kft., Hungar ]
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Spream of the wind energy application /
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gBig.Global cumulative installed wind capacity 1996@

Global Wind Energy Council 2010 (GWEC)
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Windpower capacity in Europe, 2006, MW w
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Wind energy application in Europe \E/
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Wind power installed in Europe by end of
2009 (cumulative)
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Yearly built in wind capacities In EurOQéE‘f ey
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Repowering \E/

Obuda University
Power System Department

P: szélteljesitmeény
H: Toronymagassag
D: Rotoratmeérd

Wind basics - Patra, 2012 47



Some drivers of the windenergy businegﬂm-w

Power System Department

» Growing demand for electricity
« EU directives

. Subventigﬁ
o Sustainability | | /
» Reduction ofM —

<t
» Green investment boom (ROI 4-5 years
« Employment, etc.
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Simple energy modells
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**} J

1. Tube model
V - speed, V - volume do not changes
P — pressure, T — temperature decreeases

2. Deccelerating mass
V - speed, V - volume decreases
P — pressure, T — temperature do not changes

l l I : —>I->I9I

Reality: v, V, P, T - changes
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Power of the wind (moving mass model)™="...
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P=0,5pA vy

where
« P =mechanical (~electrical) power of the wind turbine,

« p=1,29 lﬁn3 — density of the air, .
« A=r2n=d2n We rotor blades (r 1s the/l
length of the blade, d ="ZT diameter of the.rotor), ———"

« Vv =wind speed,

« 1 = efficiency of the rotor (theoretical max. is 60 %,
practically 10-30 % ).
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Obstacle and the flowing air \E/
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The possible energy conversion

* Fix bladed rotor
« TipSpeedRatio:

V blade ed
100 %?
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i Different rotors and blades
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* P vswind speed
 Different rpm

F 4 Rotor forgasi sebesség
 Pleagott n,>n, /
-

Szélsebesseg
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Practical characteristics of
wind turbine with control

Electronic control of
» Rotor speed

e Pitch

F

Powwar

Power over wind speed
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Factory characteristics
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Typical characteristics B

Power System Department

Kimeno teljesitmény (kW)

2500

2000

[EEN
al
o
o

[EEN
o
o
o

500

-500

Szélturbina karakterisztikak

—— V-90-2MW
—— MM82

G90
— V-90-1.8MW
— E-48
— MD77
— E-70

Szélsebesség (m/s)

Wind basics - Patra, 2012 57



\E/

Performance measurements
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} lDynamic simulation /
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Simulation logic

Basic questions: ,,What happened if...”
No yearly averages but
Real win asurements +

Defined/wind park locations + /
Wind turbinem ~___ =

Result: MW curve during a long period (a year)

Wind basics - Patra, 2012 60



Investigated places, parks

Obuda University
Power System Department

Szelfarm neve |EO'-.-'x |EO'u";.f |Beép.te|j. |Gépszém |Gépt|’pu5 |Magasség |.ﬁ.IFa |Kﬁzeli referenciapont Szelseb, sz,
205176 614491 100004 S0 WOO-2MAW 105 0,3 Agard 2,0247
Modell_Folvas 274953 B06657 100004 S0 WO0-2MW 105 0,3 |Falvas 2,0247
Modell_izvdr 263793 246556 100000 20 | YO0-2MW 105 0,3 Gyr 2,0247
Maodell_Moson 284407 S17000 1ao0a0 S0 | YO0-2MW 105 0,3 |Moson 1,72687
Madell_Toirkeve 197566 7iaael 100004 S0 WOO-2MAW 105 0,3 Tirkeve 2,0247
KIS ZE B pabatss iy e e g ja e fidas J J ﬂ
Szélerdm park adatok

Szélfarm neve: Modell_Agard

Beépitett teljesitménye: 100000 kw

EOVx: 205176 EOVy: 614491

-

{isszes beepitett teljesitmeény: 500 MW
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Frequency of the output changes

Szélfarmok osszesitett kimeno teljesitmény-valtozasanak
gyakorisaga (10 perces)
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Average wind speed vs monthly producti@aé!ww
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MWh

Havi szélsebesség atlag, és havi megtermelt energia kapcsolata
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Daily energy production vs built in capacity;....
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A napi atlagteljesitmény gyakorisaga a beépitett teljesitményre
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Monthly energy production
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Meteorological front in and out
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The ,,problematic” days
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Correlation analysis of wind measurements /

\/ .
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The problem

Wind production forecast =
wind forecast + turbine caharactereistics

There Is nMact wind forecast for the wind turbine sites

The forecast Is ckucial for the integration large wind parkf

into the network W g
The question: Can we forecast the generated energy based

on remote wind forecast?

Wind basics - Patra, 2012 71
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« Not in that place
 Not in that time
 Not correct wind forecast

- Forecast

@ Application
> measurement

_~"L~_ Terrestrial forms
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The factory characteristics

* In the project we investigate a VV-27 turbine at
“Blikkaranyos” and wind measurement ant “Folyas™
meteorological station.

« The figur s a typical characteristics of wind turbines
(V27). This curve is measured in stationary mode, it does /

not contain the effest.of local-turbtlences, direction

changes and wind speed differences between the/uﬁ'ﬁ'éfgnd
lower part of the (spinning) rotor measurements.

Vestas V-27, 225 kW Power Curve

Wind basi 0.

Wind-MFH



250
200
150

= 100

mis

50

Characteristics based on pure measurements, ...,
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Production of wind turbine at "Bilikkaranyos™
2005.05.09-31.
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Correlation? \E/
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The causes of the lack of correlation are

 The distance between the wind turbine and wind
measurement

 The Ioca’Wnd turbulences that create difference
In the wind blQw at the two measurement points../

—
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Other causes: turbulence

Power System Department

 The local wind turbulences that create difference in the wind
blow at the two measurement points.

o fast (1-6 sec), the medium (1-6 min) and the slow (1-6 hour)
changes.

» The fast and"'medium wind speed and direction changes are

not handled (followed) by the turbine, it causes deviances,

« Turbine dynamics and measurement errors;-etc. ="

- \/
— Wind speed changes -
— Wind direction changes T i I
- - § - 'H”/H\”f\/—\\ IA\ [ \/\\ r‘/\ JA\/.\'/ \\ iﬂl lA\ I’\“/\'Al l’ \/ \\
— Wind speed changes measurement on minute scale =777 5" V7 |
o ‘._j'h‘.,l - /m.is 20 ~ mis 20
90 90° P 10 /\ jf .\""f.l A N 10 N "r. ‘\ 10 —
e sy = S—— ~ | -
2 4 2 B mi 2 4\.\ 6 h
-90° -90° T 76




“Bistributional reorganization: a functional transforg?éégy

An ideal wind speed and power output measurement at the same
tower should give the factory characteristics of the wind turbine,
the two measurements correlate on the factory curve. If we prepare
the cumulativrribution function of both measurements, the
previous correlation is still valid and we get the same curve. /

—— Cumulative distribution function of wind speed
Windspeed Cumulative distribution function of the windspeed at "Folyas" 2005.05.09-31.
A —_— A
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— — umulative distribution function of output power
A A
of "Blikkaranyos" 2005.05.09-31.
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Back to the measurements (Biikkaranyos — Folyas: 3:

iversity
Power System Department

Szélsebesség, Folyas 2005.05.09-31.
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Characteristics matching

Based on the above mentioned,
the locally differently
running curve iS Substituted "Bukkaranyos" characteristics
by a globally similarly -
cumulated dis Ion © o o © o
frl:nctlon_.fyve vgstig_atednot 200
the specific synchronize
moments but the sanQe\,-
period, so we integrate the

power into generated
energy. This is an energy

150

100

Biikkaranyos output kW

based characteristics o

retrieval. Figure shows

characteristics similar to the g : 0 5 0 % a0
factory characteristics Windspeed at ‘Folyas" mis

(marked by dots).
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Meaurement distances \E/
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Name of wind measurement | Distance of the wind turbine
place “Biikkaranyos”

’

Agérd\// - 487 km e 4
—~
Tarkeve 98 km
Mosonmagyardvar 263 km
Gyor 238 km
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Wind power generation forecast 'E‘
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See WinDemo!
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Wind power generation forecast 'E‘
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Rough:
« Windspeed

. Characte’ﬂjtic
Fine [

* + temperature

e + pressure

e + humidity

« + direction
CORRELATION FACTOR!
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Upscaling w
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» The previously shown remote upscaling factor is defined
by the energy production of a time period. Applying the
Hellmann equation (1) for the same tower (height 33 m,
measurem height 10 m), the exponent is 0,445, that is a
good experimental result. /

"

a
u, = um[ij [ms™]
:m

1,7 = (33/10)°44

e il
S
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Remote scaling
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Remote scaling ratio "Remote characteristics™
(x times the original measurement)
18
1x 1,5 x 2 X 2,5 3Ix
250
= 200 @ + Folyas
= E = Agard
E. 150 [ § Gydr
s & 4 Mosonmagyarovar
o 2 « Turkeve
= 100 S
3 o Factory charact.
(=]
o 50
0 a
0 5 10 15 20 25 30 . ' ; ' ' :
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wmdspEEd mis Generator output (kW)
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Conclusion

* It is not possible to retrieve the vendor given stationary winds
speed-—generation characteristics of the wind turbine based on
the real-time measurements.

« The calculations,above show that for real-time generation
forecast purp@ses only close measurement/estimation points
could be used.

« The wind forecastste global models,.these

are theoretically not capable of forecasting local turbulences —
which cause the 0,5 - 5 min deviations in the power output.

* In spite of this fact, based on further measurements quite good
energy production estimations can be done. We used the
cumulative distribution function to define the ratio between
remote wind speed measurement and the possible local wind
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