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and robust!
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/ Solar module with 4 single solar
- [ cells and angle adjustement.
r Integrated power supply in

the basic housing
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Basic board with place to f
Dimmable halogen light (low voltage 12 V)

put the experimental
which can be moved around the solar boxes und multimeters
module in a semicircle, disconnectable
for experiments with sun light
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Hydrogen Powered Racing Kart

a4

CANDus

Centralized intelligence Central converter for Powered by a fuel cell
ensures optimal control optimal coordination with boostcaps for
performance of energy flows handling peak power
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17 k\VVA Active Frontend

| Software design in
nnn Matlab/Simulink™

Central embedded PC
for high-performance
control.

Ethernet for high
speed, real-time
communication

EtherCAT fieldbus
support for additional
/O

‘ Modular power stages
PM10F40C ' ranging from 10 to
300 KW.
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« KRR

— Shell SP150 Solar Module
» 72 Solar cells in series
« Each cell is 125mm * 125 mm

— Electrical Characteristic (STC: 1000w/m2, AM1.5, 25°C)
« Nominal Voltage 24 [V]
« Maximum power rating MPP 150[W]
 Rated current IMPP 4.4 [A]
» Rated voltage VMPP 34.0 [V]
« Short circuit current ISC 4.8 [A]
» Open circuit voltage VOC 43.4 [V]
« Temp. coefficient of the short-circuit current +2.06 mA/°C
« Temperature coefficient of the open-circuit voltage -0.152 V / C«-D

|
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— Parameters Block Diagram

nal

I maxE 000w m2 e

I man@rmpp @ 000w /m2 |4.75
Ti 2m
Tn 25
Tv 0182
Wmpp 34
Woc 434

B AR

PITOTECH CO., LTD.

— Parameters Block Diagram

Cparalel [nF

Enom{w//mm2] |1 000

Factar[10_100] |10

Imppl4] |4.4

lscla] |48

Lseries[H] [1n

Rparallel[Ohm] |1 00

Riseries[Ohm] |2nm

ThiC] |5

Umppv] |34

Uocv] |43.4

| alphal (A Celoiuz] IE.EIEim 7
| alphall[v/Celcius] [0153 -
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Intensity of the sunshine

0 e L o e e e e e e LN s s s s s s B s s e B
L
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TEMPERATURE b
Module Voltage (V)
CON AIGROUND

T 5
25 apvalt
& o

1000 W/m?
Temperature ofthe Solar Cell E
LOADCONTROL 4 ]
SCOPEZ .
100 | 800 W/m
; g
NOTE1 1u 4 3]
Startthe simulation by selecting [StartMultiple Simulation] E
‘ = 600 W/m?
At each run the sun density is increglzed by 200% f m2 2 |
Define 5 as the maxirmum nurmbel of runs. Control of the non-linear load of the Solar Cell. -E 2
The Voltage-Current characteristics is displayed far varying load s ] 400 W/m?2

7
5@%@%‘% (ﬁ%}ﬁ% 200 W/m?

Cell temperature 25°C
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« FRAETT -2

« Library > Electric>R >R_|

« Library > GreenEnergy > SolarmoduleSemi
« Blocks > Source > Time

« Blocks > Math > Mul

TIME rLIL

=COPET
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[ SCOPEL: M=X
Fle Edit ¥iew Trace Scale Options

o fHEAVETL -3 e
 Library > Sensor > Voltage > v
o HEHMULETEIIERP=V*I)

« = TESCOPE1L > Trace > Trace4 > Scale Right

TTTTT

TIME hALIL o4/ | e %k
r I"II P : ;:‘:ts ; ;Tgﬁhl e ’7
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Library > GreenEnergy > SolarmoduleSemi

Circuit>RLC >L ,C,and R

Library > PowerConverters > Inverters2phase > pwm2 and vsi2p
Library > Filters > Circuit > SinglePhase > LowPass

Library > Probe > vp2

Library > Sensor >Vo|tage > Y (e
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« Library > Transformers > Ideal > Tideal
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FRIEETT — 70 A [EIR B [EDR SN, KR 8e B Ay R i &R 521k
Library > GreenEnergy > Solar > SolarModul

Library > Electric>R >R

Library > Control > Sources > Decrease

Library > Sensor > Current > i

Blocks > Source > Multisim & CON

Blocks > Math > GAI

MULTISIM GAl
N | STC
200 |-
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ij :IKE[ At ‘>Iﬁ \ $§ }%% {* ‘Characteristic, file name:
ot
o fEAIZEETT -8 @ FARYSolar CellfHAY = lli

(* Charactenstic, fle name:

i2 " Model Farameters

« Circuit > Controlled Sources > A
«  Circuit > Semiconductors > D 5 [
 Library > Control > Sources> ProgrammableSourcelnterpolated v~ 15

£2 |3

FParameters Block Diagram

« Blocks > Integrator > INF\ R
. : _| 4 E

Library > Electric>R >R

Parameters Block Diagram
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« Blocks > Source > Multisim
« Blocks > Math > ADD & MUL

MULTISIM hLIL ADD
nl
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lzalar

D

SCOPE1

IMF
D1 A D2 HZ

i
i
X . 1
grl:uund
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— Parameters Block Diagram

o FERIETT — 11 : JEE ¥ solar cellfyEs2E Ii

|
|
. Blocks > All > SETTEMPCIRCUIT = |
|

[Fa
[P5
— Textl:
D7
hAULTIS bt hLIL ADD SCOPEX
Nomd b D (el
il I + 3’
+
SCOPE!
MOTE
]
MOTER
Select "Simulation/Start Multiple
Simulation”
SETTEMPCIRCUIT
Temp T SETTEMPCIRCUITT
a i a
I_Fi

_.@]Ag 0 .__ “ HT
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KL

775 7 Vackd lac{H 22§ 88 i &L 3 (gate)

Farameters Block Diagram

Amplitude 1
- DC_offset 0
1
Dt wiaCsoHzZ1 (a8 2601 PrEgEE 10kHz
19‘1 | &= _ . : Phase(0-360] |0
)
: 0.95
{- 'ac SCOPE4 el 1)
u
——t |}
u_ FParameters Block Diagram
* Fs |1IZIIIII<:H2
SCOPE1 ) HyzteresizBand |1|'I'I
p

Library\Control\Sources\SquareWave
« Library\PowerConverters\Inverters2phiase\vsi2p

« Library\Control\FieldOrientedControl\HystereseC
urrentControlSinglePhase
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-~ Pipitchgi s ) 7 D
. $ﬁ‘EII:HJjJ>__?"_§: A ol ("(V},,"’-' Pll(.)h angle = 10 [deg] -

B I] 3 n-g,; L ~ »_i’\ e — e — _\P.tcf angle = 20 [deg]

Pm. ¢ ('}I" PS5 ) Vwind . R .
i Pitch angle = 30 [deg] ™ "

» Pm = Mechanical turbine output power (W) o] AN
» cp = Performance coefficient of the turbine e \\ o
» I’hO = Alr denSIty (kg/mS) e 1 : 3Tipszed Ratiso : ! ¢ ’

» A = Turbine swept area (m2)
» vwind = Wind speed (m/s)
Lambda = Tip speed ratio of the rotor blade tip speed to wind speed

>,

v

» beta = Blade pitch angle (degrees)
St R
— JE T3 ER
~ Drive Shaft & Va1%%

— 225 Hﬁ 1R o
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Jrotor=10

pit| % nom=12[msz]
vWnom=314
Ar=4500
Fhearing=1m

Rho=1.2

Alm2]=4500

IntialRotor Speed[Radiz]=2
Inertia[kam2]=6ME:
Friction[Mm=/Mad]=250

O

)
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BRI

Pm = Ep[l’ ﬁ}? wind
c s
cp(l, B) = El[f—ﬂaﬁ—%j‘g +cgh

Lambda

Tip speed ratio of the rotor blade tip speed
to wind speed

Beta
Blade pitch angle (deg)

1 1 0.035

A A+0.08B g3,

aw
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« Library > GreenEnergy > Wind > Windturbine

« Library > Sensor > Rotational > Power
 Library > ElectricalMachines > PMSM > PMSM
« Library > Sensor > Voltage > v
« Library > Sensor > Current >|

Farameters Block Diagra

Pm

L %
»

Bitch y

\

JF’.ESEIH ] o1 J& DﬂL DSJS
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e " L 1 ]

DELL |

3 , It =
SCOPE3 zietamerd H :
Parameters Block Diagram Db £ ]
Ar 4500 N

e Tm MUL SCOPE

Jratar 1000k,

112 835 Pm
7830k soope2
W
67 152
112893

Yham 12[m/'g]

W rom
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JR 1
Ke 100
LS Tm
[=1=3 Tm
f Tm
4
—
W
' ; 7152
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L1E 100m
o
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i
112 898
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o . . Farameters Block Diagram
o ALETT-2 0 SRR et el A Arnplitude z
« Library > control > sources > sin ; REL 'ZLZ 0z
Blocks > math > add e o Y
0€Ks > mpth 1 a A - Phase(0-360] |0
I
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o e AUIERIEHE(Maximun power point tracking)

o PERIHEEAGET(control algorithm), S5 2851 B RS
RT3 Y 58 F B 2

o LR LA fEE(Multilevel simulation), 2 Efjf#%Ei2E EE
PEAVEE - BBER ~ T - B R E Bt
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NG e T

* MPP(F AT EHE)

— Parameters Block Diagram—
K [oos
|Tau I1 m
|n'|a:-: ID.E
imin |01

—Parameters Block Diagram——
Bandwidth[Hz] 200

«  Library\ControNSMPS\PWM
«  Library\AdvancedElectricalDrives
\Control\Scalar\PILimited
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JE| ] 2% BRI 1T

FRARETT - B KPR IBHE
Blocks > Source > Updown
Library > GreenEnergy > Wind > Windturbine

Library > GreenEnergy > Wind > CppHeier (a2 w01
Library > Sensor > Rotational > Torque Friction{Nms/Riad] 250
Library > Sensor > Rotational > Power (Inettialkam2] EMEG
Library > Sensor > Rotational > Brake ||nitia|ﬁ.;.t.;.r5pee.;|[|:|a.;|;3] 2
Blocks > Sinks > ShowXY [Rho 1.2

Circuit > Rotational > Bearing

el

0 Shuft

Nndspeed o
I adls
% 10k
ke

o

aw
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JE| ] 2% BRI 1T

R CINEE VAR - FAN I E S

e Blocks > Math > GAI !Im;}w
« Blocks > Integrator > INF

« Blocks > Math > ADD

« Library > Sensor > Rotational

« Library > GreenEnergy > Wind > MPPwindpower

« Library > Control > Controllers > MovingAverage

« Library > AdvancedElectricalDrives > Control > Scalar > PILimited

-Parameters Block Diagram——

Bandwidth[Hz]  |[10rd

R_BEARING2

MPP_CONTROLLER

[ ADD
P P2 p|MP| m mppa Gl INF ts Tzal
e e : —a . o g e (T
0 0 o] [ i 0 KT 0 B+ 0
o P rlﬂ— +

EL 1] l1
Tl Tau 1
rman ID.EEm
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Semiconductor Detalled and Fast

. MOSFET* ORI RER TR RS

- IGBT&EREE

. T iREEREREIfrecoverse recovery

- PREYEZRTRNS

«  Coupling to thermal models

« Include parasitic wire inductance and bus-bar capacitance in the circuit.

] i
" EQ?RHNWM MED T4 BBl

TIME
T T
fime
DC
150

+
W1 500

Gpvolt]

SCORE4
T1
EREE
ERE

26,356

« \Samples\Semiconductors\diode\CompareReverseRecoverySinusoidalRectangle.csi C“'"?
» \Samples\Semiconductors\IGBT\BridgeThermal.csi
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Data-Exchange and FEM Co-Simulation

* True Co-Simulation for complex
electrical machines and linear
actuators.

e Include eddy currents(j&Z& it
A - - -
Modl and losses in the co-simulation.

Parameters

' e Optimize your control with non-
linear machine models
parameters, look-up tables and
transient co-simulation.

« Co-simulation with Simulink
and data-exchange with Comsol
, Multiphysics gives you the

% power to any new type of

g /”\\\lf§ I I
//// /m\\'\\\\ . electrical machine.

0 [Vol]

FILENAME

FluxLinkage.dat

FLLHLINKAGE

& )

. w -
Comsol Multiphysics™ - ¢
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Co-Simulation - ex1

CASPOC & /I8 T 4 fHikt
il COMSOL Multiphysics BFETZ 17

CASPOC i H & 7 FEM

S COMSOL Multiphysics $2 it

SRS Rt VINGRE L E s
HEVE S R GUE B TRV E R

0 [Vof]

newe 17 COMSOL Multiphysics
: Model 72

CASPOC Model
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Co-Simulation - ex2
CASPOC & JJ&E T 2415t

\

Pl £ Vs [wed Dok Sredwion Ot Hekp
.....

......

g
] Pravinsts

Gl COMSOL Multiphysics BFEITZE 1

COMSOL Multiphysics
Model

BEE T 2R S AR
(ZIHEAF ) ] LIA A FEM &R
i COMSOL Multiphysics #ERERY
@ﬁifﬁ?ﬁ%ﬁﬁ(#ﬂ]??ﬁﬁiﬂﬁ*ﬂ
S > IREEIEF TR
TP 7R VBT Y B

-
| cASPOC Model a
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Co-Simulation — ex3
CASPOC T JJEF 245t
i1 Matlab/simulink 2178 & 15

ir> CASPOC 2003 A Simulation Experience - Rectifier3Phase.csi [Modified]

File Edit View Insert Tools Simulation Options He)p _ -ID[_)S]
D|=(@|S| &[5 nImI = s RO S = P B R EEEEEE]
e E I SRR _r A || [ I-H_’{“*Il*lm_"l + djo ENE]
Caspoc
MAININ1 B6A1
L1 out
[=+{Z] Components L0 0 Vol
B ﬁ Circuit L0 Re
(=1} Blocks 0 %
-7 Analog
{7 Control 0 . TOSLNK
-] CscriptaExpres Qeevot L1< 10mH DEMUX(1) |vour
[#-("] Digital 0
[#-{7] Discrete
[#+{"] Functions&Tabl 1901 TOSLNK

] Integrator ‘1_»“0‘” =10 x|
(T Machines 0

-] Math
[#+(77] Modelinglangué FROMSLNK FROMSLNK
[#-(77] MonLinear ALPHA, SRR +
-7 Semiconductor -'T T 1
(=177 Simulink 2

) FROMSLNK

O

T SinkIOSLNK TOSLNK [rectifier3phase

File Edit Yiew Simulation Farmat

(T Source
(£ Miscellaneous

D z@&| s> = | @

&k D Al TOSLNK
-2 Library i
(] PROJECT DEMUX(4) }
() TOOLS £ 9 ’

-

- {"‘l Heln TOSLNK “out
I II—" I | I I DEMUX(S) Firing angle

Back BJF I J
nux Three Phase Input

DEMUX

] i Ready [86% [ jodet 4
« JITECH.COM.TW

=y Time offset: 0
[Tscreen= 40,000ms, dt= 50.000us [ |n=9B=22
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Heat Sink modeling

i as i B ERGI &

THEEWT RS 28, 1A HHdatas.

A | FHigHeat Sink T {4
A EHY Comsoliigy H = #FHRFESE

SCOPE1

SCOPEZ

LISt

} &1 LU
+ U B
2 1 m 1
A K £1.186[olf
¢ i
L
opvaly
TZ

SCOPET

I EET

T220 with heat sink and isolation layers

C:\CASPOC2007\Samples\HeatSink\TO220 4LayerHeatSink.csi - ?
C:\CASPOC2007\Samples\HeatSink\RectifierHeatsink.csi C/
C:\CASPOC2007\Samples\Semiconductors\IGBT\BridgeThermal.csi
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Co-Simulation - ex2
CASPOC & JJ&E T 2415t

\

Cle pt Vea [wart [ob Jrisin gptm Heb

=
# [ et

Eﬁ COMSOL Multiphysics BFEITZE 1

ICOMSOL Multiphysics

Model

BEE T 2R S AR
(ZIHEAF ) ] LIA A FEM &R
i COMSOL Multiphysics #ERERY
@ﬁifﬁ?ﬁ%ﬁﬁ(#ﬂ]??ﬁﬁiﬂﬁ*ﬂ
S > IREEIEF TR
TP 7R VBT Y B

-
| cAsPOC Model 4%
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Automotive Power Management
©  FFERHVAUMB A, B56 pulseFE B B E5.

« HESOCE MG, BT EEH T

o« EERERK EZESA

. %mﬁiﬁf L ER, B2 S PR B R s A
. BRI %EfEIaT i (Drive cycle)

«  CACASPOC2007\Samples\Automotive\PowerGrid\BordNetz.csi (>
«  C:A\CASPOC2007\Samples\Automotive\SparkPlug\Spark _FlyBack.csi
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Hybrid Electric Vehicles

£ EXS

« Inverters with PWM and Field-Oriented Control

o« EEEAVIRERAEREE R

o FEEAVROMSFEEIEL, 56 pulse®Ei 25 Bz A5
« HESOCEHEMFA!, BLr i s H T

o EEBOKEZEER

o B ERMES, B ERIRHEER A

- EFEHPAVEREERESI(Drive cycle)

WH

AUTOMATICGETRIEBI

“ﬁ
ENGINEL GENERATOR PLANETARY 1 CLUTT-U | EL D]j::l '
- »_4—4; —=— J T Ex
{11 e o ™ ¢ an®
51 | ’: ﬁ‘?ﬁ:'@ ﬁz% =g
TS - - |2 o
s | IE"

Scope3
O_
| Pwwvel 1
BATTERY1 / H DL VS| PWML
) .
100u C1F10mF
J—q . .
0

«Caspoc2007\Samples\Automotive\DriveTrain\hybrid4.csi WWW.PITOTECH.cOM.TW
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- intal;
JINAC Script  [intal
o BAIEETT-1 if (a>0)
« Library > Control > Sources > sin al=3*a;
« Blocks > Cscript&Expression > CSCRIPT el}se
Farameters Block Diagram
Amplitude 1d al= 2*a;
Frequency[Hz] & return(al);
Phaze(0-360) |0 }
x CSCRIPT SCOPET
MHE

MNOTET
wi A Ra Rl &Eal;
=arhr0, al=3%3
=a k0, al=2%g
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0 A.C Script ik
main( )
.« FEFHIEETT_D
BALEEL | if (a>0) || (b>0)
« Library > Control > Sources > sin o
» Blocks > Cscript&Expression > CSCRIPT2 ;( &
else
Farameterz Block Diagram CSCRIPTZ
Amplitude 10 A . Ar__k/ k=b;
Frequency[Hz] |1 -120.477p -2 return k;
Phase(0-360) |0 !
Farameters Block Diagram
Amplitude 10 MOTET
FrequencyHz] |1 ﬁ'ﬁ_}k% a, b, _
........................... E*Eﬁﬁa.bﬁ,ﬁu%mﬂﬁﬁcuﬂ-
FPhaze[0-360] an
MEssssssssssssnas P — ﬁglé%;qj {Eﬁﬁhu kﬁtgﬁhz
L —— 4 an=282ErH— =L ; Ay ¥a
£E%COS{§ o DS NP OB KR ZEFA
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EIOJect Mamgate Help
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i
1]

0% || P P 9
?Un%ln_—n il

# | File Mame | Edit Date

| Project Mame | Description | File Location
Eq' DEMO - Ebettoft, DK wi3p 02082008 ... DEMO - Ebeltoft, DK This project demonst... CWiNdPRO Dat:
& DB Beispicld wip 11/27/2006 ... %DEW Beispicld CMIndPRO Diate
ﬁ Windpark Sande_Demao.. 112002007 .. Windpark Sande_De...  wWindpark Sande in d... CWindPRO Date| -
ﬁ Windpark Sande_Demo... 02082008 ... Windpark Sande_De.. Windpark Sande ind... CWindPRO Date
ﬁ Windpark Sande_Deno... 02072008 . Windpark Sande_De.. Windpark Ssnde ind.. CWIRdPRO Dat:

1

-
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>
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Jetje
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C = The World of Wi BB 2oom 2

~\ o

Sz User layen & &

Search: [ =] 4|
27 Newproject: 4+ ]
Prg S —

Project size:

Search-radiug:

]
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Search User Layer:

|Lang:71.243 Lat19.769
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¥R Pro ect properties

Project and site | Coardinate system | Backaround maps | Addresses |

—Froject name —Site @JE & %%% |:[1:I
test Denmark -
' ' J(%FB%EB%
—Froject description LITh EDA0 Fone: 32 TN JAWN - N
71 :h.
H(East: |A05482 \Hﬁﬁaﬁ)/ﬁ_\i\g\‘
Y(Nnnhj:lﬁzﬁﬂzzz
—Titne Zone glglﬁl

|(GMT+D1:EIEI]I Fal e - 104 B - S - eI e ’ﬁtll

LTS I 1.0 " houts

[ Daylinht savinns
Start of day light savings

ILast L”EEHEI L”Eﬁ LI
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End of day light savings

ILast ;”EEHEI L”"’ﬁ LI

EI

GGk v

2k Cancel | l:ll:l DXZE.
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(P E500km, 55 K £ 4Y667km)

» BB (121)4I1ES &, {50

UTM-System

B Project properties

Project and site.  “oordinate system IBackground maps | Addressed |

—Default systam

Geographical (sddd.dddddd) a
Geographical (sddd mm.mrm
Geographical (sddd mm'ss.s
UTM W55 84

UTM WiES 84 South
Australia UTh GDAGY
Australia AMG AGDEB
‘Europe LITW EDA (rrear any
Europe UTM ETRSBQ

M. America UTM MADZT App
M. America UTHM NAD2T LISA
. America UTHM NADE3

S. Ametica UTM SADEY
Austria BMN W23

Austria BMN M31

Austria BMN M34

Austria GK mM23

Austria G M31

Austria GK M34

Baltic coordinate system
Belgium Lambert BOT 2
China ¥ian 3 Nen j

—Fropertie ‘
Zone: I a2 Default

Walid range: 1 to &

e

umber of decimals in non geographical systems:

Cancel |

*WGS 84 = World Geographic System, the "New" world standard since 1984.

*ED 50 = European Datum since 1950 = Hayfort
*NAD = North American Datum (More variants)
*SAD = South American Datum

Overwiev of Longitudes and UTM-zones

Westemn longitude Eastern longitude
(West of Greenwich) [{East of Greenwich)

180 H

| 74 F

168 1

162 3

| 56 3

140 3

Fr 45
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132 5
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a5 4 (] 41

a0 g a0 2 li

04 | 96 103 |
78 T 102 108 45
T2 [: L 108 114 493
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il by 21 120 120 al
e 4 22 126 133 52
47 4} 23 132 13H 53
42 3 24 1368 144 o4
a5 3 25 144 151} a5
an 2 26 140 140 a6
2 1§ 27 156 163 57
i | 8 162 1GH ot
12 | 248 16H 174 549
¥ a0 174 DN Gk
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| Format

| Scale | Site center an map | Path

c = IS
o~ EE R

FEEEHIBMI
TE2R, nl 3Lk
SEeP

0 Bitmap map: EbeZ5k.bmi  Bitmap format 125,000 Mo

Remaove

|| Viewsset site center

CindPRO DatalSan

Scale column widths |

P[] \/DJU

B oo o

Cancel |
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WG R BT IE

REL EEREE
Maps &Objects

B3 1laps and C s - [Bbeltaft 1:25000 1:25,000 Zoom: 25 %

RE2. STHESH
View Tocls Data Zoom Scale  Window Help Cal C u I ati O n

_||Eumpe UTH EDSO [mean]
%
- |=| x|

tate | te calculation
TLAS (Energy, ane pasition, simple terraim
BASIS (Project data)
ECIBEL {Moise)
Grid (Grid calculations)
PACT 0TS impact on neighbors)
mCP {Measure Correlate Predict)
ETED iEnergy, one position, measured wind data)
ARK (Energy, Wind Farm{ATLAS WasP METEQ or RESOURCEY)
HADOWY (Flickering)
indPLAM (Visihility)
0l (Zones ofwisual influence)
FD PREFPCET (CFD interface with prefpost processing facilities)
<] OPTIMIZE (Energy optimization of Wind farm)
T - <] RESOURCE (Eneray, resource map)
UTM ED50 Zone: 32 East: 605742 North: 6227832 | <] STATGEN (Generate ¥ind Statistics)
<] UMBRA (Landschaftsasthetische Bewertung)
<] WISUAL (Photo montage)

Z Y A <] WASP interface (Energy, ane pasition, WAsP calculation)
\\\%@R’ l:[ I %1 I E,\J <] WINDBAMK (WTG ecanamics)

= a ’ |
HE/N 17
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|
£l
B3

o
x

Data Zoom  Scale  Window  Help

IBltmap map: Ebe25k.bmi (1:25,000 > [|50% [+ |[Europe UTM EDSO (mean]

View Tools

==kl

»*»,o@ ]

~

KFERSPETFORARIND YO

I e
E %ﬁ' r dl'e
-

|
Jn

|
S ol

[ITH ED50 Zane: 32 East: 604199 North: 6227190
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— % == Jofe A[
i )T —1=
—\ X
B windcat - C:\My Documnents \WindPRO Data\WTG Data’ S = |Dl_>_<_]l T ——
WTG Edt Heb {Windcat - C:\WMy Documents\WINGPRO DatalATG DataWNBONLS AN 1 & Edit/show pawer cLve
%I;m;l ﬁ a_l avel [ - calculated - EEC class i~ Edit'show CT curve
Main lDelaﬂs I Commenls] Fomner namesl Source Wind Powar Ca ‘{5-
|
Manufacturer ANEONUS | B Manufacturer T::.ﬁ:? i)
TypeNefslon[-«N 13MW /62 Diate (dd-nwm- wind speed [ |
012003 @ 25 mis N 400 400 0.015
Ratedpower] 13000 kW 2 500 9900 0257
3 Rorv s ralie 2600 kW Air dengity ip angle [HC BGOSR D LA O R o ol
S | 1225 Kgim3 ]J;n?ﬁ . 3 E00: 260000 0,391
Rotor csame!ev 6 0 m Load picture Remave picture l 4 i rmmuu ﬂ,d-li[ll
- Power cantrol izt R T
olT lar by ¥
Tower| 0l Tubula =  Stall # Fitch  Active stall | 5 BOD. T35.00.  0.466:
Grid connection| 50 Hz =l T 5‘ iiu 1'u'1'£;'£1£|- s
Caundry {origin)| Denmark - e III S m Hh IJ_.d.B.TI
Blade type [LM 230 ‘;l —Ct cune | T ”1-13)0 1533 UU i U.-ﬂ-ﬂr.'
Gvneralwlypes[‘f'f-t' genarator Z]  Ctamdard aball ™ Ctondocd nitnk & M lenr Aofinad REFRA EHEARRRRESERE AN, U334I
Rated] 190 mm Figidh name Data Com menf 0,366
lnmall 130 pm HE CAODE QD00 Link to Pade data I].2'13I
Default hub height] 530 m INSTALLED DATE 01-01-1983 -0--1-5-&5
ARemistivs hud heights () %0 ] INSTALLED CAPACITY 10000 3
490 SITE MAME SvLTHOL W 0. 143 1
800 _l OWHMHER CODE L 38,4 MWh
Maximiion bl-dtmdlh—m MUMBER IM FARK o) Number of W TEs o t
: ROTOR DIAMETER e ¥=]
Bladnmdlhlmgo%ndnusl m HUB HEIGHT 2| Headed
ValidF hANLIF ACT oW T
CALCULATED FROL u]
MHUMBER MONTHS ME 52| bonthes with production
HUMBER MONTHS Crhdl a
WCE ME 19598 749.00 | Auctu al production
TP D bl [u]
EMD DATE 04-09-1933 | Mo longer exizting
iz: W T 0 DwWT H M 0 e L ¥ =] W T - Type and ki
I &F B$HUA FARK _EFFICIEMCY 1
UThi ZOME 22| Heeded
UThi EAST G5O | Heeded #
UThi MORTH 03 Needad
UThi FREC F
EOMMUNE HR 53| Region ‘H.COM.TW
FAREHAME SvLTHOL
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« Roughness areas * x|

. Position | Layers | Data  Purpose | area types | imposExport | Presentation | ]
«  UMBRA (German landscape evaluation model) — sswnepusossstie ot o s v o —

« ZVI (Zones of Visual Influence)  Fosmess e Eeet o et ook | ARG e )
T . . [ UMBRA (Landscapa equivalent calculaton)

» Visibility calculation (WindPLAN) I 24 Zones otvisual uence)

«  WindPLAN (conflict check) L T

I~ WindPLAN - ingut for visibiy calculation

«  WIndPLAN (restrictions for weighted WiNndPLAN) r v comacrece
» Wind resources in planning P
- . . Wind resource (" rsfimpor)
* 3D animation and photomontage (data Is Used as =~ = “s @i cosmastonssotor st
- - . . e apnass ck {wpo imp
input for visualization of artificial landscape.)

«  Steepness regions

= Import data from EMD server E]E]

Setup
Available data creators:

DataForWind: European Roughness Contour Data Based from www.DataForWind.com - 200

92 § hVA AA GLCC: Global Land Caover Facility Land Cover Use - 1 km grid.
E | HU ModisVCF: Modis Vegetation Continious Field Roughnesses - 500 m grid.

‘
Select a dataset in the list. :

Cancel

[ECH.COM.TW
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Line Object (2)
Position | Layers Data ]TIN

| Presentation | Line colors{ Descriplion|

Purpose

[Heignt contour ines K |

wpo (EMD) file properties |

Create new
Load/Import file

Filename

Auto Filename setup J

[ Load the "EMD Editor" on exit |

[v Use to link to Site data in energy calculations Online Data
Online Data Setup B@@

e Width (m)  [15000

Height (m) ~ |15000

[v Convert to lines

e

Ok ‘ Cancel‘

Equidistance (m)

Seiect he part ol the dala bo include in the selechsd operstion
& Aldala 1™ Drata INSEDE selection

e -

Tinesing Tocks Chiargn Dsts |

™ Daka OUTSIDE sebection

Ll

Change the =quadslance of ths contours. This is mank used bo oonwert ged dals boooonlours.

I
Point Statistics: Contour Statistics:
Pt i oiginsl obect E ICerlous in mignal obisct | nzER
Pt i sl cjack | 1amme Conlous i ecad obimct | 1Em
e Ce )
Urda | UndoALL |

-;’J.,’MI(RODEM / Terra Base II 6.0 alpha
E Analyze Stereolet GPS Options
Open DEM B G
Open Image
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VAN =Yy g ==
AN = sl:E

Maps and Objects =
Wirdow Lape -
B . ¥ ® | Laysr
Descaptan X(East) Vitoeny _a] 55 [ % | Lavert Ela
| T St Center 801664 4225790 s —. s §
.. Toyla, 261 797327 4223854 . =
G ('DTcr:'B'virdcaa 797328 4223853 | — Q sl 4
gl 2 2 llE LCopy chigelfs] 1o this b =
& || A Touda 796470 4223835 2| ®
s A Touria 796545 4223840 ) Cancel
A Toursa 796760 4223770 L
3 || A Touda 796975 4223850
8 || A Toure 737100 4223510
A Tourla 79723 4223910
& N\ Teursa 737350 4223860
B || A Tousa 797480 4223850 |
A Toura 737625 4223660
kL A Toura 797760 4223525
soue | | A Touria 797925 4223500 &
5 || A Teuns 738075 4223500
S Toura 796235 4223535
Zose || X Toura 798455 4223475
20m | | A Touris 798575 4223045
= || X Bourteri - 230 798557 4219457
m ||@reior Contouws ma_owge sor7e w2528
S L Cneicna 800797 4226658 Fosition Lawers |Wris) | animation | Miscellaneous
0 || A creicns 800956 42266503 o I | ! I
tb | J _'rJ I;Tsmhnrnc X Cancel I

il
] Layar 3

D

N
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G . Meteorological Data )
._ wie Cantor of sefecson

9.0~ ¥ Zoom (€900 means resamging of bachground mag)
- 156.0 - 302.0 r 1000 %

\CAEias =

I~ Show sddtiznsl nlomation

(. camens )

_Control Point
.\ Meteorclogical Data «
D cton Sucndibon A ! % %e w2 @0 tH WE TN CO) MO ME) XMt tne  vme e 2 =a e e .
(7, Shackow Recepton
VESTAS V39 600 39.0 1Ot = _lBlx
VESTAS Va7 660 47.0 10t - i S— ) iy
v L% X i sviaug % : - sl
A N > ' \ d, = K
(S)Heignt Contours: Heightoontour.wpo ARG S : ? '.r ] il A
10.0 -+ 156.0 . § / S N\ .« "
- 156.0 - 302.0 - m— &
302.0 - 348.0 ‘ o
a48.0 - 594.0 Y : #
8 \ ¥
594.0 - 700.0 oo A\ A \ >
» o\ =~
B Reoutt Layer 2 o ‘\h " g g
. ) ! - g o
45 Area object @V1): ZVI-Cronataght w2 oS e Gagt hair o 3. -
| Forent » ! s = SR P S 3
-~ ar‘ = =8 ‘,4 , v == Sy (, N &
;-’ % ;'ﬁw . At ‘ A M T T e b
/ v e O ] st Y AN b pob IR .
A I/ ‘ QA .'-‘f, ,q,’/ "‘i _;A:\ "TK 0 1”0‘ .;
o S A, BN TR Loch NG SM.TW
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R

by

111

N E i — T Fuerteventura Canary Islands, Spain Snaefell, UK
¢ E ZL./‘\ ,’j hUb = E% A=T2msl k=278 Aw154ms!, k=208
J \l’l/_] Hi/\ |':':|JXj§ "
=
1
o EERYDAR AR
—— L] KT 15
54
[ = RN
» Meteosg > o
eteosR &t
54
0 ' . — 0 e e E—— Y
0 o 10 15 20 0 5 10 15 2 2 30 35
Schiphol, The Netherlands Mont de Marsan, France
A =56 ms, k=181 A=24ms k=124
4%
20 40
351
154 303
25 3
10 20
15:
104
5
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0 5 10 15 20 0 5 10 15 P
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=1 &b 2 [ A4
E&H Wy n 7—1—][(;‘\\

« Wind atlas [E\gE 745 5 A£(fE4H: ATLAS, WASP Interface and RESOURCE)
- EREFSEHEMDTTA (R4 METEOE FWeibull=l & 755 TR)
« PARK -#5 Filt/57A# HEEREE TR

Weight vs. Distance to Roughnesschange

PITOTECH CO., LTD.

2 100% // g ///// ’/Q// s 1ol
. 1/ o &
§ ol /‘/L‘/ /
Z. .
g 80% / L=
g T W
@ of
B 60% :
= // B .
£ 40% |/ R :
N o
a : b
S -
S 20% |4 A
g / % 7 et Q
© ; 2 5 ‘ ~
e 0% & | | L = ek =
- 0 2000 4000 6000 BOOO 10000 12000 14000 16000 18000 20000 / = 5 T 1 \\Pe 2 g
Distance to change (m) TS 21 ), M-
. W8 Y o B30
Rough 0 at WTG,Rh 3at dist  Rough 3 at WTG, Rh 0 at dist s VBT s . b, 1 7
~=- 30m Hubh. + 60m Hubh. -=- 30m Hubh. —=- 60m Hubh. 7 $ % 4; Q} N /ﬁ oo | -
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i\ &R I

Height a.g.l./height of obstacle

Extra energy production on hilltop & e T T Sil0x Sllces o pewel
At 30 m Hub height - e -

Swvwm ¢

p
B
2]
L :T:,I
1':\‘
~ [
23

2 £ & 2 B
REEE

Extra production rel. to flat terrain

3

100 1000 10000
Radius of circular hill (m)

-eéoaxx\or@&*»“

—=— Hill height 10 m —+— Hill height 25 m —<— Hill height 50 m

e

os|OKD East 590401 No S67761 12 3010m ATIAS rsesecior awew) PMLTW




The Advanced Knowledge Provider

BRIERIXIRTA BRG]

Crata | Graphies | Substitota | Gross predict
B Object data 57) y @ N | prodl

Position | Layers :GU“ | Purpose | Data | Graphecs | Statistics | Shear | Descrption ok
Meteo object - getting started Gancel i F
INTRO: The Meteo object is an advanced “data container” and dats screening/analysis tool for meteoralogical data, J BELet i B

spedfically focused on wind speed and direction data for wind energy calculation purposes.

A Meteo object shall only ndude data from one position (one measurement mast or one "model” point), preferably
with data for more heights a.g.l. to utikze the strong features for wind profie analyses

Comparing data from more positions (masts) or substituting (patching) data for a specific mast are done n the
Metao analyzer, which wntes back the data to the relevant METEO objects.

i
10072003 194]?-3\!!]3194]?—20}3 19-07- 2003 20-07-2003 Mm
e Mgt F1, 50,0 - & e Wl 52

e Wpt F1.30.0m - B ——— Wit 52,9 Taget
——— Wt F1600m - A Subet [Cescaption|Diata pont [&0 [Mi=an wind spule-Nmmuhhﬁdml
GO time series Waca F1 |58.0m - & Sebet [[ ]| [m] | ] [ 5] |
Wiaan wind speed

1 Go directly to add fles with ASCH time senes data and setup import fiter

Sousiiagp poln pugn | g | APy (e g |
2z

Diata gaint 20 [Msan wind spead] Tekareziy[Wiedl droction
50,0 - A Li [} | ] [}
GO Table 59.0m - & [m] [m] | ] [m]
Go directly o inpet tatie data (hstogram data) by Copy paste, 10ad WASP TAB Hes o manual inpet data ELLEC] s J ! 1 (]
3,0m - B [ [m] ] =
GO Welbull
3 = s o Transter function (Target = Sourca * Factor + Offsed) |
Go directly to input Wesbull data by Copy paste of manus input &ta [P T P
| | 1 |
| | 0 |
GO Online I
@ ; ; i [ Gancar |
Go directly 1o load data placad on sccessible sarme 8 EMD or other places (sse what's svaiable)
B Meteo anabyzer - L
Vizard caghics | Sstettoe Cooes muchct =]
/ — Twre seces dats —_—
e Help me leaming more about wind data and getting dats loaded mto METEQ cbject i VA drecien Carcel |
2 »no
i
3

Gan woat
Moty
= Deary
> 1 Rk

! } i| | ‘.'
i ﬂa 73 (Wenbull)frngmmg:e BIHIDG e

Eéé&%iﬁﬂ‘ﬁi&% ;er‘Z@ %i&i J_UJ ﬂ“?[‘ﬁil?ci

=gt 1|

R
0
1897200 16072803 16872081 19072003 20072000 2007203 200 20072003 namm
[ Magt F1500m - A M S2500m A —Mam F100m - B — My i3 I'
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= i

=P
Grid — (A Z:EeCRIDIEAH ). Al 4 T F i A B R 2
Y > PRI S BRes e o B R (e S (2
Availabilit ﬁ%iﬁ %'Jz_ﬁfﬁ)if‘@&él@:é:ﬂg WTGZEARZH3%
HYTERE ° % T B e eI R i > JHORE S o e
ﬁ)gg/ﬁﬁ \EITI% R RER > THEEHY R EFREAR L[ HAY

0

Blade degradation and icing — & 5 4347
High-wind hysteresis — %5 &l 2E = 5 8 1k 2

%gﬁn@%ALwﬁﬁ%—%H iz .
EEREETE, B TEHIER - (E45 - FRIEL 4750.3%IAE
JE 25 TERE CHIIR (55 1)

Operation mode losses — J&E\f% m] #1354 [F] 2% SN2 T EE 4

turbulence (closely-spaced WTGs stopped in certam wind
directions), flicker (during hours when the nearest neighbors
experience significant flicker) or noise reduced mode (e.g._...7
during night time). >

%
Zm
L
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« The Wind Statistics (5%)

« The Terrain Description, i.e. roughness, hills and obstacles (5%)
« The Power Curve (5% if verified, see Section 5.2)

« The calculation method (5% for normal, not too-complex terrain)

e Ererp- op Miljodets Doz 1AT-SE
Tl jedes's Higle Jernee we) Tid 33Dl
MRDATLAR-RVETER DD Fulterg B G 1l
. . n . Wrpd de21 Fol B T 3B 15 30 D, P8
Accumulated normal distribution at StDEVY {uncertainty)
-KURLER
= 10% _ Ce-KUBUER
110%, ;
= 00 oy e PN
a fatated M [ b
] o P a4
u 205 Pl .
o ";c“ faful:ts /‘ v
E E"’ FTatetd 0
ﬁ S
Ly s
'g FFt/?'znw
1™
o Af* 45 ke i)
gt oy
& & # o+ o+ = & & & " |
= = = = = = = = = i
=T l."l‘.l l"l\l ~.I— -— (o] m =T aLn I- - =l
Distance from mean value {calc. Result) - : i Fa :
T T T R |
Wirdhastjghed Curesh
e (8 -REL MOPDTAHE 150 346 LD HITEE
- CR-DLD MIPDTeHE 150 246 L2 LD
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Main | WTGs | Noise Sensitive Areas | Description | ‘l 2B ?% E'ﬁ':,ﬁ.'):‘_l‘k‘;‘_.*_‘q‘ [
, iz el Uy Sy = R

Noise calculation model
{1S0 9613-2 General -

ISO 9613-2 document explains how the three ground attenuations are calculated.

|Fixed wind speed ~ | BOme Nominal midband frequency Agor 41 A
Ground attenuation (Agr) Hz dB dB
None v [:x] -15 - 3g2
Meteorological coefficient CO _
00 dB Recommended maximum: 2 dB 125 =15+ Gxdlh)
Type of demand in calculation 250 - 1.5+ Gxblh)
Il: WTG noise is compared to demand (DK, DE, SE, NL etc.) :] 500 -15-Gxch
Noise values in calculation 1000 =15 + G x dih) =341 -Gl
IAII noise values are mean values (Lwa) (Normal) i] 2 000 —15(1-G)
4000 -1.5(1-4)
B 000 =1501-aGl
Pure tones (Note: ONLY used if at least one WTG is informed to have pure tones) Pure tone penalty NOTES
IPuve tone panalty are added to demand :_] r 50 dB(A) p
= a2
Height of immision point above ground level, used when no value in NSA object a'(h)=15+30x o012k - 5]2 (‘l - e"rﬁ'm]+ 57 x E'U-“E‘"!iﬂ —g28x10 "W ]
00 m [ Allow override of model height with height from NSA object
Deviation from “official® noise demands. Negative is mora restrictive, positive is less restrictive. b(h)=15+86xe 0.0947 [1 -a "15’55}
00 dB(A) I Octave data required ~
e'(h)=1.5+14,0 x g~ 046K (1 g~ 10}

| I Cancal | —
7 -o.sﬁi(l_e--d:fsu)

K Dafiny ation I
; " o : [m
i |WTGs| R | DO ~ /X o take G = Gg and h = hy. For caleulating A, take G = G, and h = b, See 7.3.1 for values of G for various
Name l
Moise calculation model I 300hg + by
1S0 9613-2 United Kingdom
[ 'I] i, when d, > 300k, + k)

| whnere dg 1s e so rce-to-receiver distance, in metres, projected anto the ground planes.
TTIT IR T TSI Rl e I T Ty
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DANISH RULES FOR NOISE CALCULATION. German rule VDI 2714
LS =LW + DI+ KO - DS - DL - DEM - DD - DG in dB(A)

The calculation is based on the "Bekendtgerelse nr. 1518 af 14. dec 2006" from the Danish

Environmental Agency.
rviron y LS : Calculated noise level in distance S
P ol VAR ; LW : Noise emission for the WTG
The noise impact from WTGs are not allowed to exceed the following limits: (Wind speeds in 10
m height) 9 w DI : Directional impact figure (= 0}
1) At outdoor areas maximum 15 m from neighbor settlements in the open land. KO : SF’"d angle figure (=3 dB)
a) 44 db(A) at wind speed 8 mis. DS : Distance figure DS=10 log{4 n 52)
b) 42 db(A) at wind speed 6 m/s. DL : Air absorption figure DL=a, 5
2) At outdoor areas in residential or recreational areas. o, =0.00209 dB/m
a) 39 db(A) at wind speed 8 m/s in residential areas.
b) 37 db(A) at wind speed 6 m/s in residential areas. _ DBM  :Terrain and meteorological damping figure
If a WTG has pure tones in the noise emission, a penalty of 5 dB is added. DBM = Max(0, 4.8 - (hq+hA)/S(17+300/S))

hqg hub height
hA Noise critical point height above terrain IP (= 5m)

Loa = Lwaref - 10 X log(1*+ h?) - 8dB - AL,

oD : Vegetation damping figure (= 0)
Where DG : Build up damping figure {=0)
| is the distance between the WTG and the neighbor
h is the height difference between the nacelle and the neighbor {normally = hub height) and "
AL_ is the air absorption. Iﬁlﬁ'EEB‘/ <
. 2 2 -
AL is calculated as a_v/(I*+ h?) ThE uld SWEdlSh CDdES
Where a_ is the damping coefficient (0.005 dB/m or from the table below). The maximum noise impact from WTGs at a wind speed of 8 m/s is:
- Light industrial areas: 50 dB.
Octave Band Damping Coefficient: - Houses etc.: 40 dB.
- Recreational areas: 35 dB.
Center 125 250 500 1000 2000 4000 8000
freg. (Hz)= . ) . )
a_ (dB/m) 0 0 0.002 | 0.004 10.007 0017 0.06 Theldampmg coefficient a_ is set to 0.003 dB/m instead of 0.005 dB/m
WWW.PFITOTECH.COM.TW
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|Danish Codes
[ranish Codes

Not sufficient data for nolse calculation

Dutch, 19599

Garman Codes VDI 2714 WTG INORDEX N60 -noise 1300-250 60.0 10! Missing
IL-HR-13-01 {Netharands) .

rabliehoigh b Noise data [Man._ official 07-2002 46m 10m/s data
IS0 9613-2 Germany Available data

IS0 9613-2 United kingdom
Old Swedish codes
Swedish, Jan 2002, Land
Swedish, Jan 2002, Water

Lwa.raf, Wind sp.. © Hub height User data Pure tonas Penalty Octave data

9.0 69.0 Yes No

] 80 690 Yes No
Moise calculation data check [ 7.0 69.0 Yes No
— 60 690 Yes No

Mot all noise data for the selected calculation model is available for the WTGs 50 69.0 Yes No &

¢ >

 AUTO create missing noise data for all WTGs and wind speeds in the
calculation based on inter/extrapolations or generic values.

¥ Propose extrapolated/generic values

Wind speed dependency
 MANUAL check auto values one by one with optional editing/manual input > 4 l'— D one [—10 dB{AYMYs

E Octave data
0]’ | Cancel I Hﬂ. 9% /j d ata ™ Calculate genanc values W Octave data already A-wesghtad

EE}J,{( 625Hz 125Hz 250Hz 500Hz 1000 Hz 2000Hz 4000 Hz 8000 Hz

l I [ l I J | -

5 WIngPRO 7.5 (English) Beta Bellit: 5

Name ' | status | state |
. DECIBEL l |
Main Resul [\
0 Ostaled rasuits 1 - e =
- Azsumpsaons for naise catodaton 1p -
Map 1p

U=

%

WWW.PITOTECH.COM.TW
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/\E/ sk [
Bﬁiﬂﬁa}J

o FEEJIEEREIT RN E

o ETEAZAGEAE E sk SE EE AR AH PAIEEUE (flickering effect) HYSE/NIFEE - $2
T ?iEFE/E$DEB FB/EE
— The diameter of the sun, D: 1,390,000 km

— The distance to the sun, d: 150,000,000 km

i Rotor area A

b Dﬁangemrbebneen

. Summer and Winther
Soing (2003
LIBIMINE23.9) ;
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=R

Shadow Receptor Data (4) X
Position | Layers Window | - :
S “ Main | WYGs Shadaw setup | Shadow receptors and area | 2V | Description |
SAC RS CHBLRN sv0de Cancel I WG flicker ares and sun angles
" “Green house" mode, window Is perpendicular to all WTGs ™ Calcutate only when more than 20 % of sun 18 coverad by the blade
requires data from WITG catalogue, when nol available use one of the following
Degrees from south clockwise 37,6 ; : < 2 5 :
* Fixed distance fom WTG T 1. WTG distance cicle 7 No Smit
Height °""‘“d°"'| 1 m 2000 m 2 WIG éistance cicle
Width orwindowl 1 m Alsa used when no distance cicies Angla abova horizon with no shadow influence| 30
are defined
Bottom line height above ground | T m ™ Worst casa

Slope of window |20 Vertical (Normal window) v

—

Meteorological probable shadow
Operational hours
" Manual input for each sector & Calculste from selected WTG's
Operationa! hours are calculated from the sedactad WTG's, using the wind destribution information in
following Site data or Meteo data object.

s v |iamaia p omem | =
= BHEDON Winra ]t e st @ had o roiag Fl IEmrgy calculation data -—l
Main Resul o & -
Calenid Ip @ A Sunshine probalities {part of time from sun rise to sun 2t with sun shine)
Calerid e, grap | () L -
Rl il P et ) Jan | Feb  Mar  Ape  May | Jun | Jd  Aug  Sep | Oct | Nov  Dec
Calenid i pee WIS, graphical L A "
Map 1o & A 0 1] o 1} 0 1] 0 1] 0 0 o
E ]
4 Load l Sawe J

| Ok I Cmcd'

|

WWW.PITOTECH.COM.TW
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Obstacle Data (58)

F'nsmnn} Layers Obstacle I

+  REFSE S AR S PR A T B B A — |
R S s B I =

©  FRAERUESRYIE ~ WA S

il

[ =l
fine Calculation
JWTGs | Al ' Description l &3 Define Calculation
Name | Main | WTGs [2V || Description |
Center for calculation
2V1 calculation [Lmk to Site center LJ g

* Calculate standard ZVI { How many wtgs can be seen within an area) X(East)
The ZVI can be calculated to show the visibility of either hub or tip Y(th)['
The ZVi can be calculated using a “bare earth” mode! accounting only for variations in
wsibility caused by terrain or with the effects of obstacles such as forests and buildings Width [m) 1000
included

Height [m] 1000
" Calculate cumulative ZVI impact (Which vand farms can be seen within an area) Step [m]|25 :I'
With cumulative impact, the WTGs from a specific layer are assumed to be one wind farm Eye height [m] 156
and it 1s calculated how many wand farms that can be seen from each calculation point - if : ;
just one of the turbines can be seen (based on ZVI specification set-up), the wind farm is f Use hub hegh! + % rotor d.nametgf as calculation height
assumed visible ™ Use hub height as calculation height

F
In the current version of cumulative Impact calculation, where all combinations of visible wind
farms is given a separate legend, it will be very difficult to read/understand prints with more
than 3 different wind farms due to the fast expanding number of combinations I™ Use maximum distance
A way to include more than 3 wind farms and still get a "readable report” is by "merging” Any wtg(s) or wind farm(s) beyond the
some wind farms (establish those in same layer) "maximum distance”, are considered not
visible f

A cumulative ZV1 is calculated in the same way as a standard ZVI except that each windfarm
15 treated as a group
The cumulative ZVI result may show the visibility of two or more windfarms at the same point

WWW.PITOTECH.COM.TW
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. FREESLETELAG ﬁﬂ%ﬁ*ﬁ@%ﬁ%miﬁﬁ
. IR A R T LI G

. %%H*%%ﬁWwﬁ

. ﬁ%%ﬁ *W%M

. n#&KﬂZ

Posiion | Layers Data |
‘ [ ]
 Infinte Shor Circult Power @ Paildeg]  faoo0 concel |
€ Short Cirout Powee SK WVA [ || Rx-Ratio |
@~ Bublranslent Snott Circull Power SK VA [250 | C #R-Raie [
 Short Circut Curraat Ik 4] T - '

" Substrancentshort Clroult Currant I ka] I Values usad 10 ealoulate necessaey

3002 capatity Dased on e power
[ %ed-in ofWTOs
: 0 Default CosPri Lzed for WTG's with no
Voltage level name: LL“‘/ 'I eGrid data
Fraque : 50 v G
requency (42 ! =l I foss
Voltage lowels that can be used In cument gnd (when Inserdng Tansformer | :_meau Ll
objects): il
™ plrwer curve manmum
Lovel Name al e * . ne = 10 min masmum

1 min mamum
 Ingtant marimum

Detault Increase factor used for WTG'S
wath no eGrid dats

e
Load swe | Ew | add | memow | ’
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VN
N U
~ | -
- | ~= ) . e
oa romser =1 x|
Translormer (24) x|
Positon | Layers Data | _SeachPats ? 0% x| Dutaview 703 x| Quckvew 703 x|
Salact transformer o UR C'Ookumente uns E st Unigus name ) = ok Shont | Mandfacturer | Typ|Urequa name Pauwels_t
s o IMasutactursre Pauwsls
[-vsersene “ ]| g | Ao R SIS S )
i Ll g e Paowets_Cast Resim_G3RAM 0.2 04 10 50 4 Fauwals Nu'mcl’h-q.-v: y H2) =0
Powwels_Cast Resn GIRAH 031604 1050 4 Pauwels Rated Voltage high (KV)
Geid values — Paowels_Cazt Rean _G3RAH 0.4 04 10 50 4 Pauwals R
[Frequancy 49 hn [Valtage V) Paowets_Cast Resin_G3RAH_05 0.4 10 50 4 Pauwels
vy Paowels_Cast Resn_G3RAH 063 04 10 50 4 Fauwels
[High voitags [20mv o P owels_Cazt Resin GIRAH 063 04 1060 6 Pauwels
|Low votage [05aky ~|joes P yowels_Cast Resm_G3RAH D8 _04_10 50 & Pauwels casas (KW)
< ] 2] [Paoweis_Cast Resin_G3IRAH_1.0_0.4_10_50 & Pauweks A
HP wowwds_C 2 1.2 10 No-Load Cumane [%)
Manspecstons | aData oo reguaton | socstascron | Pl e e e s et SRILIE DA I | © Paale e '
I = = LY = _1.6_0.4_10_ ~a e .
Fae 752 %000 v Cast Resn_GIRAH 20041050 6 Pauwels VoD pos Top (b}
[Inique name [Pauwess_oii_AC_{ i o --wn Faswes Ca8 Resin_GIRAH_25 D 4_10_50 6 Pauwals Minirram wellsge %.
Z\—-%\ jﬁ Pt e Paonis’ lpg s Cast Resn_GIRAH_3.15_0.4_10_50 & Pavwals Marimem voitage %
[Transiaimer daia Nahes W Paowess T3 Reals_GIRAH_35.04_10_50 7 Pauwels 5ith
R [Pamwets 3 /== O Paswes Cast Resin_G3RAH_4.0_04_10_50 75 Pauwals
b Faases_OI_AC-10 Wingkrat_08 055 10 5D 6 Pavwals
[short name fac Pawwels_OI_AC-10Wingkrat_10 058 1050 6 Pauwats
frvoe [os = Paswels_O1_AC-10Windkrat_1 25 065 1050 6 Pavwals
Paswels O1_AC10Windkrat_16 0685 10 50 & Pauwals Short name
RatesPowersroem  [1.6 Pacsweis_O1_AC.20 Windkrat 08 065 20 50 6 Pauwals Fits
PommnalFrequency (K |50 =l |Paswsls_ O1_AC.20Windkrat 10063 2050 6 Fauwals
ated Volage high (kv) 20
h l Pauwels_O1_AC.20 Windkrat_16 089 20 50 & Pauwals
[Ratecvotage o0 [0.69 Paswets_O1_AC_0.26_0.4_10_60 4 Pauwals
Pawweis_Oi_AC 026 0.4 20 50 4 Pauwals =l
' gL B
Save in caogue... ! @I + | - | ok cancel | |
;1 _l_'- _] | |
[@eatecaddata =loix}
e e e CORUE— | FISTE———— .lolx
™ Mo cos phi data avadable, value from main sheel always ussd Pu!nonl Lawers Dats |W¢'Pmﬂﬂ| [___.Q‘(__.]
Al values ralatve 10 rated power  Use sbsolute values 0
B : h
Table giving relation batwseen actws power and 04 PO Iopenerinio Lancel
reaclive powes. Phase compensation is included 02 i Uncheck one to check anoher
™ Active power production P/Pr in values i case of two generatons, bk values n‘;
for both. g
W Cos phi e 7 Active power P (W) r'l.UU—

b v /—-\ rl 04 05 08 12 14 W Reactree power O (VA7) ™) f»?‘ﬂ’—
2 G Pk A TR PIT —
PPy Cos ph Inductve c |

Add line Im cosipre) [ ]
| cq_)ll:mw | |
toad | ONNN nductve 0 0, inseins | Copee .
Opsration_ | 01! 038 Inductwe: 0[96295 0106383 s
02 098  Inductwe. 0040612 0204052 Delate |in.| S N
T Y ¥ 32> ' 53 X artload ena
0, 0 [ 0D42748! 030303
| 3, ol e B i i iy Chack hare to disable the possidiley 1o scale this
04 023: Inductve 0055337 040404 Y I 1084 In ¢ Bk utstions
[ 05 1 Inductive o 05 08 23 1 1
' 1 1 inductive’ 0! 1| | P} *) Use +5- 1 dezide i load are indockve (4] o0 Vi)
| LApACIG &)

Tor ] cance_| WWW.PITOTECH.COM.TW
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2 Dedine Calculation
Main | Geid obyects | Losses & Yield | Dasign check | Vohtage variation | Short cicuit | Long term ficker | Vohage variations due 4 | »

Name IM_" Project

Naorm, guideline:
used for limit definition

~| Grid node at which the voltage & speciied for

]"o’t EVW (Germany)
calcuation of losses, design check and voltage

used for calcuation [User defined =) vanstion (rsfersnce calcutation)
Calculations 1o perform lEric-'n:l grid (2) _:]
¥ Losses Nominal wokage at this node
~ Design chack ﬁl’lﬂ’-’ Ej 20 kv
¥ Voltage variation |voew ~l A“""_(""k:/” At i node
A

¥ ‘Short circut |VDE 0102 / |EC 50009 (2001) - Destribution =]
Grid node at which the voltage should be constant
~ Long term flicker l'-v'l"f 0102 ¢ IEC 50909 (2001) - Interaction = :EI between refarence and altematve calculation in
ordar 1o calculate yoitage van
7 Voltage variations due to |{VDE 0102 / |EC 50609 (2001) =l
switching efiects -
F Uss defaut calculation parameters {Far Generator |
P 1| Used temperature characteristic for cables  The following value of Cos phi is used when no eGrid
[ [2{) Deg C (constant) EI Saln i wvallabie fox IW‘I‘G
R T cos Phi | 1 o
| 14U / 140%
00 o
e C L 130%
i /
e —
" 120%
2 A0 / //"
g 0
o — — 110%
= ﬂ
=]
o]
20 4 100%
0 T . T T T
0% D% 40% B0% 80% 100 % 120%

Current Carrying Capacity

R2u

_—
=)

Resistanc

fEiZHeGRID

' Dedine Calculation

Man  Grid objects | Losses & Yiel | Design check | VoRage vanation | She

Visible ¢
Elecine

Layers

v Use all objects on selected layers in calculation

Select extemsl god
[E aternal grid (2)

=

Object selection I Show details

‘Ea Extémnal grid (2)
TE @& WEA 10 Transformes
' XK wea 10

TE@WEAHTnn:fom\u
D B wea
8 @ WEA 12 Transformer
- XK wEA 2
- B & Bus Bar, <20 V> B)
-8 @ WEA B Transformer
BN weas
-8 & Bus Bar, <20 (V)> (@)
-EQWA?Tmnsbmer
- LB wea7
-1 @ 8us B, <20 V> 6)

[ o ]

Cancal I
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=252 eGRID

UCTE- ﬁg%L‘FFP*E}FU

\)
Interconnected Grid Level \\

Large-scale

Intensely meshed Power Plants

German Interconnected e.g.
Grid Level consisting
of grids which belong to || 380 kV
the TSO German utilities or

\
[~ lhachine-
7/ \tré(nsformef

Grid Nodes Intensely meshed 220 kv
building busbars
Power Station of Transmission eg.
the corresponding Grid Level of the Utilities
Utility for reglonal energy
transmission 10 kV
Slightly meshed
Distribution e.q.
Grid Level of an Utility
for regional and local 20 kV
energy distibution or
10 kV

Mostly un-meshed

Low Voltage Distribution e.g.

Grid Level of an Utility 400 V

for local and industrial 1690V

energy distribution or f
230V :

\

un-meshed with one other|| / 400 V

WWW.PITOTECH.COM.TW



The Advanced Knowledge Provider

BRIERIXIRTA BRG]

VS

2 2 fE4HeGRID

Voltage variations also by flickers
Variations of the short-circuit current

AT

Power factors
Harmonics N o
Infinite bus ®_0_ 5 ¢ ﬂﬁﬂtzﬂ grid area
_F."d e h’
i —— ® 1
LJ L"' z..m
u. u, U,
with WTG
B T B o LT ZE 3 §
without WTG
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= HIE ETRHIFSHMCP

Um

- HEVUREDTA - GMEElERE ~ BEE ~ B REANES A
AETTREERYE IR BT
«  FRREAEA SE R T AN VURE I AR A E e
[MODEL: Long Term Data (SIIE) MEAS: Long- Term Data (REFERENCE)

o

MCP MODEL

/.

1 1 d .
MEA S Short- Tern D ata ( SITE) ! i Tenp (41)

1
=]'|'[EH. 5. Shuri- Term D ata (REFERENC E)
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EibFaiET R

.....

ez (v} armd Dals | peieta} Becrbaah 3hcwr 13 panks .
e : ; : ; : B 4

SooeExEd

e
Jdi

I R e T L)

AR AR s me s e M ?
b2 4 & E W 12 14 W % ] H il 1=
Wand apavsd af rabacsece poation Wied apend 1l relereaos pasion

S ERE

Bnergy levels

[ Ve Jaf Felr Wi MBI MEy Jub bd Rig Bad oMl HEY DME

war s54 B BRS EGd JEd A0 P DS SET TAE 10ME - RS

Erl Eos b 2 00 0 00 AR 00 a3 Ak R0 00 R - 1R

MindTm [ 5] B5d B4 FXE 73 DA O A1 3ET TRA AME - 18]

Larg S raderancs dabs M 331 1531 BT TAR 45% R0 TOE @R IET TR IME - B8
(e e L T T T T S T T T R T

Conanianl Makanca dila

At v o b T 4 22005 900 40F-2005

T oorcurrent pde chby

IEEEEEER AN

MCP resut (ong term she dela)

~dEHRREAANEERRERE

i Ee _'_',;im,,_,..,.,,..;.';?'...;.'..5-.;"-3------;EJ . Z1
= JE I TEIRA —
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Google Earth Export

&3 Export to Google Earth g@ |

View your WindPRO project in Google Earth

The selected objects (in map or in the object list) will be passed to Google Earth, which will be started
automatically when clicking "OK". (The same function is available with a “nght click” in the object list)

From Google Earth you can mail your project to any other Google Earth user (or mail a screen

shot to anyone)! “iwdinm inlormalion
Aramnd by

Different objects will appear in different ways: some objects will be shown simply as symbols. whereas SEEDa s e

dsnte dnm e |

others (like WTGs) will be rendered realistically. This will be developed continuously B2 Ao &

. . Espeartd Inom Wind 10
Make sure Google Earth is installed on your PC before using this feature - and preferably the latest R e WinedFFOE cm
version for full utilization

Download Google Earth http //earth google com/

Windfasm information

Croatad by

EMD Infernational AT
Migls Jurmesveg 10
DE-9220 Aalborg &

Exportad fnom WindFFG
i/ oo Wind FFHE com

WindPRO export
Created with WindPRO

$H}:|[ é\}& l _\ i 2= gghﬂ'@r‘layinformatinn

- Objects

| PITOTECH.COM.TW
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Case study: Klim, Denmark

P RHRG: S ~ B - NEE - SEITIE
. EHERAK:
—  JEEHD BEE PR P IR ERAY B AKX 9009 1R 4557004, iz Fjerritsleviy FaFE 757N B,
i FKlim Fjordholme
— SEHEEEETmM/s @ 44 m a.g.l (Hub=E)
— B ERFEE3ISEWTG, A & &Vestas V44, 600KW, with typical spacing:
4.5 RD in rows and 5.5 — 7 between rows.

- BEEEEI3SEWTG, £ FAEAF3E (= The World of Wingh
« Main Issue:

— MESIPARKETHH A (Wake-loss)

- ﬁgﬂlﬁb&%%@k‘%ﬂ {5 FH&Y35 .~ B Y SilstrupHy

— EEMILELI07#EH TR =
« Main Result:

- SEEEEMIEE R EETREOHEI TG, T EPARKIVETE T AHRE

— SHIECHN A, 3 25 F Wake decay constant 0.075(open Iand),%ﬁLH@

PEEWEIR A W4,
— 004E\U’fJﬁﬂéOﬂ: shore, %ﬂ‘fﬁﬁ%ﬁﬁ[ﬁ’\]@ﬁ%iﬁ@ﬁﬁ WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

k-AMaps and Dbjects
Yiew Window Help

b
b

i -5 Photo Montage Zoom: 50 % [Camera: Picture: DL

Ll
=
= B

1
B

53 ¢ Pl

-,

YRIOE®

FDSERQ@ @@

[F1Fjerritslev 1:100000 Zoom: 100 % _ | x|
" | [KMS map: DISCOG_BIT [1:100000) | fwoox x| JutMEDSD R EAR ‘

T ]

i
Ervd
-
=

SRS 2

2R G

: :3.3 L. -:1'5#: Bﬁ.‘lﬂ“fll]l

33} A

*31 *2:123*12111 ml'l\'l\e
R k|

e A
“\Klim/Fjordholme «l

UTM EDS0 Zone: 32 East: 510367 Morth: 6325689 |
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o TRIBETF, RHEIETE L9288 =4 /4549 GWh/year (1400 MWh/WTG/year)
« 1998-2000/4 5258 &= F45.4 GWh

21000A KLIM

O e Sl T e O —

Anlzegsdata HOVEDRESULTATER ME-index | DMlindex
RotordiameteriatorarealSpec. effekt 440 m| 1520.5 m2| 0.39 kWim2 Windkotrigeret arsproduktion (MAH S0280.4 485797
AmtHommune  (kommunent.) Hordjpyland [Fjerritslews11) VP rotorareal (KvWwhin2) 9445 9128
UTh-koordinater  (Zonefdsthlord) 32] 509807 | 63235 86 WP pr. KW generstoreffekt (Kivhaasn 23584 3 23133
LIThd prsecizion Rimeligpracis (+100mj) =ODHED 1.09 1.06
Beregnet arsproduktion (MA&h pr. SrBer. af) 46000.0 [FAB EaceretpSperioden Jan 1998- Sep2001

Indkmrincidata startidata st Sep 1997 | Jan 1998 | Sep 2001

Manedligeproduktioner ogq GODHEDER (GODHED haseret pa: NE-index).

By Data | Jan Feh Mar Apr ET Jun Jul Al Sep Okt Moy Dec SUk | Pr ar
1995 ] Q414 500 | 6 F2g200 lEesk o0 | 2548 F00) 372 000 4149200 *|2 TR 00 | 608 200 | 2 sss000 | <21 1500 B0,280 500 B4 2498 00
Godhed 114 =] 104 [} s] 120 109 102 {u}" ] 141 147 106 0a5
1999 ] 5340, 700 * OO0 | 3 EET 100 | 2536 Q00 | 2 2495 600 | 1899 200 | 1262 900 | 2 200 900 | 42392 500 | 4506170 |6 176260 [0 677 Qo 42 Do 09s
Godhed 118 123 054 126 1.12 1.10 0s3 1™ 106 120 142 141 1.0
2000 [kvvh G 22,000 6 2205490 | 4006 120 * 2 a0 | 2272 30| 3244 000 | 3 544370 | 4408000 | 4574360 | 2 675070 = 701 G548 490 70 080
Godhed 144 101 102 112 113 124 106 109 142 118 141 1.1
2001 kWb 2202490 | 4531470 | 2 845565 | 285 450 | 3,200 000 | 3,200 150 | 2260 250 34104,200 ) 2 000, 730 E7, 162,114 19,124,372
Godhed 140 141 [ule] 102 116 129 124 117 0.8 108 or7
Sum 'k 19 578210 17 595,010 11,852 005 | 9955 450 N2 051 200 | 9,333 750 [107 77 0230 | 7205 290 [0 523 600 (4529 600 117238530 [14 662 23000, 358 205 B5 90 584
Widdel [kKvWh 4294578 (5208337 | 3850668 | 3121817 | 3015480 | 3, 112917 [ 2894270 | 2501753 [ 2 705,900 | 4876.524 | 3912843 | 4837510
'Ciudhed 14 104 105 1.00 1.13 1.22 116 1.11 087 104 117 1.6
MOTE: Pr.arerrapponteretarsprodubtion. *: Produktionstaikieangivet.
Ar 1998 1999 2000 2001 Gns.

WHP (ME) WlWh | 43,500 (50, 356151 071 |35 271 |45 455

WREP (DN MW | 45 424 (49 786|151 765 |24 596|458 932
Gn=.erbazeretpaZheledr: 1993-2000

Produktion (Mh)44 25043 29048 730 [19,134[45 423| * Data for the whole wind farm from the VINDSTAT jalﬁase.
”
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M Actual yield (all month mean *12)
@ Long term corrected production (M\Wh/year)

1500 +—

1400

1300
1200
1100
1000 -
Pt

MEAM 1 2 3 4 5 6 7 8 9 10111213 141516 1716818 20 21 22 23 4 258 B &
WTG number

MWhiyear/WTG

I

WWW.PITOTECH.COM.TW
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Actual and long term corrected energy production for each WTG
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Case study: Klim, Denmark

Actual production 1998-selection

2500

2400 T _ N

2300 ] — _

2200 T _ .

2100 R

MWh/WTGlyear
|
|
|
|

2000

1900 7

1800 1 1 1 1 1 T 1 1 T 1 1 1 1 1 T 1 1 1 1 1 1 1 T 1 1 1 1 1 1 1 1 T 1 1 1 1
MEAN 1 2 3 4 5 6 7 8 9 101 12131416516 17 18 19 20 21 22 23 24 2526 27 28 29 30 31 3233 34 &
WTG number

Production for each WTG for the selected days with 100% availability used in parallel
with Silstrup measure data for same days

WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

« Energy Calculation Assumptions — =T EfEATELE R}

:b/\

— Calculation model: PARK model — N.O. Jensen (Wake Model)

S - syt
<%  EFEENERILEE SR

PR, 5 2 A B T AT HY
s 2, BEEEE L, BT A
HE - EIIREEE -

« [LlEsEd oA E O, B a2 ik
PR~ oA B R K [ e, -

* &% Height contour line
/\miﬂlﬁaﬁ%%

aw
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Case study: Klim, Denmark

Reference: Roughness class 1

Energy Rose (WWhimdiyear)

et

— ~ﬂxr§ﬁﬂ ZictDenmark 92: 7R R ETH KM
e

Zliiﬂllﬂ’]ﬂ Zfet-HY & Silstrup

Number of days used in Silstrup selection per month

[ —m— Current site —w— Reference

Reference: Roughness class 1

12 Energy Rose (WA R mi2ly ear)

Days used

0 - T AL - e

jan feb mar apr may jun jul aug sep oct now  dec

[—m— Currentsic —e— Reference | r ?

As well summer as winter months is included fairly equal in the Silstrup 1998-selection (89 days) energy rose. ( -
1998 Silstrup selection

WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

- WTGEH

Powrer curye: hanufacior 24068.2000 1. 225 2000 D00

Sourc= Mlarufactor 24052000

Source dale Crestor  Craaled Edied Defaudt  Slop windSpeed S dengity Tip angle Power coatrol CT eufe Type
|rr=] [kaimd] (7]

S0-12950 000 EMD 20112000t 0 AT 2000 1403 Mo 200 1.225 oo Prich Uszar defined

Powar cunra
e spe=ed  [eus] e i} 00 500 HOad T (=41 ] 400 1000 11 oo 100 1300 400 1500 1600 7.0 1300 15300 2004

Frveer [\ 000 000 000 FFO0 13500 20G.00 ATO0 ITIO0 45000 MA00 S5a00 SR00 NS00 58800 60000 so000 60000 e00.00
e OO0 0000 0.2 039 0473 0477 0423 0788 063 OOME  0ET) 0238 0AM 0AST Oam 040 008l oo
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Case study: Klim, Denmark

1600 7 OLong term corrected production (MWh/year)
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The "first shot" calculation simply hit the actual value. Calculation is 2 % lower than

actual, before power curve correction. Power curve corrected with 2% add on to calculation,
there will be exact match. So for the result as a whole the match cannot be expected better.

Also the variations within the WTGs seem fairly well.
WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

Variation of WDC —Standard DK wind statistic

Klim Fjordholme, Denmark
35 Vestas 600 kW, based on 32 months production
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PARK efficiency (%)

&0

== Actual Park efficiency based on assumed PARK efficiency.: 89%
—= Calc Park eff WDC 0,075 (Standard)

Calc Park eff. WDC 0,04 (less turbulent)

Calc Park eff. WDC 0,1 {more turbulent)

T3

MEAN 1 2 3 4 56 7 8 910 M 1213141516 7181920212223 M 252627 2529 30 31 3233 34 35
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Varying the Wake Decay Constant (WDC) gives quite large changes. With WDC = 0.1
the PARK efficiency increase from 0.885 to 0.905 -2 %. But at 0.04, which normally is - D

recommended for offshore, the park efficiency decrease to 0.845, which is 4% lower than C
standard. From the figure above, it is difficult clearly to see what the correct value will be. We

therefore continue with a shorter, but more reliable data period.
WWW.PITOTECH.COM.TW
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Calculation based on parallel selection of Wind and WTG
production data

O Actual production selected days
M Calc Silstrup 98-selection- WDC = 0075
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Here we see a much more "soft"” set of graphs. But we also se a clear tendency in
that the higher WTG number (more south-west), the higher production relative to calculation.
WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

AI-FEgWDC=0.0487) &, 12 +-Ex WDC=0.0758V) =

PARK efficiency (%)

Klim Fjordholme, Denmark
35 Vestas 600 kW, based on 89 days production
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S ==/ ctual 98-selection Park efficiency based on assumed PARK efficiency .- 89%

Calc. Silstrup 98-selection, WDC = 0.04 (less turbolent)
—#— Calc_Silstrup 98-selection- WDC = 0.075
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» "real" Vestas V44 is very Ct-curves
close to the "Standard pitch®| 1=
+ /52 has much higher values | o |t~ B
for 8-12 m/s — even higher |o7 | %% = R NG 750
than the Stall curves 0.6 / \\ °
« The Standard Stall is gi {
compared with the NEG 03 L
Micon 750 KW. These are | 0.2 /
almost identical, except 01
from the region 4-8 m/s, O o s e s 1 18 10 20 21 22 25 a0 2
where the 2-generator Wind speed (m/s)
system makes the real curve
toggle more. &
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PARK efficiency (% )
85 B5.5 86 6.5 a7 375 ] BE.5 B9

Calculated yield, | = | ' ' & Yield —
WOO 0075, Ct-Wa2 u Park eff

Calculzted yield,
WO 0.075, Ct-std stall

Calculated vield,
WOC 0.075, Ct-std pitch

Calculated yield,
WOO 0075, Ct-v4dd

Long term cormrected
actual (MVVYhivear)

j i i i i j i i i .
1,260 1,300 1310 1,320 1,320 1,340 1,350 1,360 1,370 1,330 1,380 1,400
MWH/fear in average per WTG

It is seen that the "real” V44 Ct curve perform best relative toactual production, but
this can be a coincidence since the differences are very small, far below the uncertainties. )

"
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Case study: Klim, Denmark

Klim Fjordholme, Denmark
35 Vestas 600 kW, based on 32 months production
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—=— Calculated yield, WDC 0.075 Ct-V44
Calculated yield, WDC 0.075, Ct-V52
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We se the same trends as by varying the WDC -the back rows, relative to main wind 7

direction, WTG no. 1-20, follow the pattern from the most reducing Ct curves best, while the -

front rows relative to main wind direction follow the less reducing better.
WWW.PITOTECH.COM.TW
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Case study: Klim, Denmark

« Here itis even clearer,

100

Comparing to the below
shown comparison by
calculating with different
WDC, we have to admit o0

that the back rows

(assumed prevailing 3 .
West-northwest wind) \4 '\ . "
follow the most reducing vk /"\ A

Ct curve very well. TV \ 1

85

PARK efficiency (%)

l\\f

that adjusting the Ct value i el o) R
to a more redUCi ng Val ue s Calculatedl yield,  WDC 0.075, Ct-V52

gives a better match to

. 1 2 3 4 5 6 7 8 9 10
actual productionforthe | | | 0 0 T o L
5 eastern rOWS that 10 20 30 BE © 19 20 3 8 18 2B I T T I Si”TE!G ;anﬁbe? 5 15 X 4 4 24 3 13 0302 122221 1121
adjusting the WDC. : 7
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Comparison WindPRO-Windfarmer based on Silstrup98 selection of wind data
and Klim Fjordhelme wind farm with 35 x 600 kW Vestas V44
18
16 7
14
£ 12 —+—Wake Loss, WindFarmer
@ o L e (Eddy Viscosity)
° | | —— Wake loss-WindPRO (WDC
L 87 L 0,075)
E (5] Actual array loss
4 ‘E'
2 L
— MW M~ 3 = MW~ 3 MW~ 0 — M D
F!—!—FPNNNNN{"}MF}E
Eddy Viscosity Model WTG-number
Wake grid resolution (Diameters) : asial radial 0.1 iscosity model in the standard set up perform poorer than the N. O.
lel (used in WindPRO and WASsP) in standard set-up based on the Klim test data. It
Mawimum length of wake [Diameters) [50 percent point less losses than WindPRO, where it is obvious that the real losses is
- - thoug the wake losses not can be measured direct, the patterns gives a quite good
Dimensionless constant used to calculate overall eddy viscasity |0.015 oss level were decreased 1 percent point, WTG 10 would have no Wake loss at all.

Won Karman constant ||14
Length of near wake [Diameters?) |1_5

Wwiake recavery (% at which to ignore wake) |U < :'.
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