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1- From SCADA data to KPlIs
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1 POWER SPEED
2 DATE_TIME ACTIVE_POWEFWIND_SPEED [ LOW_SPEED_SF HIGH_SPEED_St DIRECTION_W1| DIRECTION_NA PITCH
3 01/01/2014 00:00 489,68
4 | 01/01/201400:10 455.58 647 1452 1523.26 166.15
5 | 01/01/201400:20 765.18 749 1653 173275 164.83
6 01/01/2014 00:30 1292.80 9.46 17.18 1800.10 164.46
7 | 01/01/2014 00:40 1678.68 10.89 1715 1796.55 164.26
8 | 01/01/2014 00:50 1916.91 1184 1712 1793.42 164,92
9| 01/01/2014 01:00 197851 1202 1744 1795.79 16304
10 01/01/2014 01:10 196112 1205 1715 1796.47 16191
11 01/01/2014 01:20 185140 1155 1712 1793.92 16024
12 01/01/2014 0130 1796.17 114 1714 1795.68 160.19
13 01/01/2014 01:40 1844.97 132 17.13 1794.36 160,87
14| 01/01/2014 01:50 1758.79 1120 1713 1795.17 161.24
15 01/01/2014 02:00 1824.05 1142 1743 1794.70 161,
16 01/01/2014 02:10 1760.59 1143 1713 1794.44, 155. 3.
17 01/01/2014 02:20 1630.98 10.85 1715 2 58.60
18| 01/01/2014 02:30 1595.50 1093 1715 79230 5.46
19 01/01/201402:40 1832.00 1164 17, 57.41
20 01/01/2014 02:50 1681.60 117 L 15414
21 01/01/2014 03:00 170356 1119 7 17900 155,90
22 01/01/2014 03:10 1813.96. 1 7.1 1795.29 156.66
23 01/01/201403:20 186609 g 1740 1795.43 156.62
24 01/01/2014 03:30 1887.04 13 1795.15 156.07
25 01/01/2014 03:40 1908.14 .22 1715 1796.60 15627
26 01/01/2014 03:50 1974.75 128 17.15 1797.38 156.44
27 01/01/2014 04:00 2007.98 12.70 1717 1798.85 159.00
28 01/01/201404:10 1837.97 174 1713 1794.86 159.65
29 01/01/2014 04:20 1962.43 1250 1715 1797.28 16034
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" Quick assessment of wind turbine and farm performance with automatically

calculated indicators
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59.28 18.52 56.25 27.90
58.98 18.62 44.84 2818
58.07 19.09 43.56 28.40
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58.00 19.43 54,30 28.50
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57.94 20,04 44,04 8/
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WPA software

® Quick detection of anomalies by comparing assets to each other

® More than 20 KPIs available such as : TBA/PBA, MTBF, MTTF, MTTR, etc.
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Real production
59.72 GWh

Loss production

2.87 GWh

Reachable production
62.59 GWh
Percentage loss
4.58 %
Daily production
8.23 MWh/day
AEP Weibull at turbine
12.97 GWh/year
TBA
95.23 %
PBA
95.7 %
Capacity factor
16.78 %
Wind speed
5.42 m/s
Rated power

2045.15 kW

MTBF
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INDICATORS

Real production

17178.34 MWh

Loss production

388.96 MWh

Reachable production

17567.3 MWh

Percentage loss

2.21%

Daily production

9.46 MWh/day

AEP Weibull at wind farm

3.15 GWhy/year

TBA

98.21 %

P3A

97.96 %

Capacity factor

19.29 %

Wind speed

5.75 m/s

Rated power

2042.92 kW
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Step by step process

SCADA CLASSIFICATION
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From the historical SCADA

Classification based on operation mode

Operation state of wind turbine is classified into 8
classes using a robust algorithm developed by

METEODYN:

Normal

Measurement error

Stop
Curtailment

Under production

Overproduction
Partial stop

Partial curtailment

CLASSIFICATION RATES

Measurement errors detection (wind turbine and meteorology)

Power

Wind speed

Wind direction
Pitch
Temperature
Shaft speed
Pressure

Relative humidity

Others
1.08 %

Rated power percentage

Minimum -10 % Maximum 120 %
No variation detected during 60 min
If power is between 5% and 95 %
Minimum 0m/s Maximum 60 m/s
No variation detected during 30 min
If speed greater than 0.1 m/s
Minimum Maximum
Minimum -180° Maximum 180°
Minimum -80 °C Maximum 60 °C
Minimum 0 RPM Maximum 60 RPM
Minimum 500 hPa Maximum 1,100 hPa
Minimum 0% Maximum 100 %
Classifications

I Overproduction 0.02 % |

B roma 9774 % |

I Under production 0.07% |

I cortaitment 0.04% |

I Partial curtailment 0% |
I Partial stop 0.06 % | o o )
s 8% | W E N
N

I Measurement error 0.87 % I




Power curve with datapoints classified

Reconstruction of the real power curve

" Reconstruction of the real power curve from normal mode
and compare with the manufacturer's theoretical curve

" The power curve complies with the IEC 61400-12-1 standard
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Vitesse du vent (m/s)

B Courbe de puissance Courbe de puissance (période sélectionnée) ~ ® Surproduction  ® Normal ~ ® Sous-production  @Bridage  ® Bridage partiel ~ ® Armét parti

Validation of the classification algorithm
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Correction of Nacelle Transfer Function

Vmet,i+1 - Vmet,i

! Vfree = V. ] -V ] (Vnacelle - nacelle,i) + Vmet,i
NTF: Nacelle Transfer Function nacellei+1 — Vnacelle,i

Vmast Vfree Vnacelle
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2- Applications of SCADA
analysis using WPA tool




Computation of indicators (KPIs)

MTTR PBA  copacity ractor
Daily Production,gr

Reachable Production

Real Production

onthly Production '
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Turbine failure analysis

From the STOP operation state, given a
threshold to identify between real failure
and temporary stop

® Wind turbine state visualization

* Operation
* Failure

" Calculation of reliability index

* MTTR
* MTTF
* MTBF

Turbine Failure

Operation State of all Wind Turbines in Farm

WT01

wWT02 | | |

WTD3|

WTD4
Jan 2014 Apr 2014 Jul 2014 Qct 2014 Jan 2015 Apr 2013 Jul 2015 Oct 2015 Jan 2016

Reliability Index

4 20

2 - - - ]
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WT01 WT0D2 WT03 WT04 WT01 WT02 WT03 WT04

200 200
N N -
i L] i  — R ——
wT01 WT02 WT03 WT04 wT01 WT02 WT03 WT04

B nNumber of Failures B MTTR M MTTF B MTBF

Turbine Name Number of failure (times) MTTR {days) MTTE (days) MTBF (days)
W1 3 37 271 2015
w0z 5 51 mz 174
w03 3 5 178 526
wns 3 81 % 54,1
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Real power curve analysis: Degradation over years

R80711
2500
2000
1500
= 1000
p—
2
/o) 500
o
0
0 5 10 15 20 25
500 Speed (m/s)
——2012 2013 ——2014 ——2015 ——2016

2012 2013 2014 2015 2016 Degradation

R80711 3854 3908 3800 3702 3668

-4.83%

Power (kW)

R80790 3625 3902 3667 3485 3477

-4.08%

2500

2000

1500

1000

500

-500

R80790
0 5 10 15 20 25
Speed (m/s)
——2012 2013 ——2014 ——2015 ——2016

A degradation of ~4% after 5 years is detected at
2 wind turbines R80711 and R80790
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Yaw misalignment analysis

YAW ANALYSIS

90000

80000

70000+

60000~

10000

WT1
wT2
WT3
WT4

0.22° 8.20°
0.10° 832°
0:12:2 817°
016° Tre

" There’'s always a gap between the
direction of the nacelle and the wind

" Yaw lag: represented by the standard
deviation of the distribution

" Yaw misalignment: represented by the
mean of the distribution
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ermal behavior analysis
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Workflow for post-construction analysis

Example: Actual AEP is of the
designed theoretical AEP
considering wake

What went wrong?

» IS pre-construction wind resource
assessment reliable?

» Curtailment?
» Wind turbine performance?

)
METEODYN
é@%WT i
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Annual Energy Production
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Theoretical value

57%

Actual value
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Workflow for post-construction analysis

4 Standard process
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Conclusion

" WPA TOOL: based on Advanced classification algorithm for SCADA
" Access to KPIs (reachable production, losses, MTTF..)

" Deep analysis help understanding the root-cause of wind turbine under

performance

" Workflow for post-construction analysis

See our presentation on a case study “Analyzing Wind Farm AEP
Deficit: Separating Wind Resource and Turbine Performance

Impacts”
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Thank you!

Edouard LEONARD, PhD
Wind Expert, Meteodyn WT Technical Manager

edouard.leonard@meteodyn.com

www.meteodyn.com
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