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Big Picture Energy Management

Stochastic System

e

Grid
- AC/DC
Generation - Smart Consumption

IHhe Institution of

Engineering and Technology

Working to engineer a better world 3



Wind Energy Headlines

lowa #1 in wind energy

March 1, 2016: Gov. Terry Branstad
announced that lowa generates more
than 31% of its energy from the wind.

April 14, 2016: MidAmerican Energy
will invest US$ 3.6 billion to install

additional wind turbines in lowa ’2;
by 2019. ¥

http://www.awea.org/resources/statefactsheets.aspx?itemnumber=890
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United States - Wind Resource Map
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Why Modeling from Data?

v Bottom up modeling

v No limits on the type and number
of parameters

v'"Model accuracy

Data > Decision Making/
Mining Optimization
~% Solution ~% Solution
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How Big Is Energy Data?

Characteristics of big data: B

v’ Volume: size {

>

v’ Velocity: speed, frequency

v’ Variety:

multiple forms and characteristics

v’ Veracity: accuracy and truthfulness
v’ Value: benefits
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How Difficult is Wind Modeling?

WS Interval | [0,3.5) | [3.53.3) | [3.6) [6.7) [7.8) [8.9) | [5.10) | [10.11) | [11.12) | [12, =2)
[0.3.5) 0.8922 | 0.1015 | 0.0032 | 00007 | 0.0001 | 0.0001 | 0.0001 | 0.0000 0.0000 0.0000
[3.5.3) 0.1618 | 0.6397 | 0.1530 | 0.0345 | 0.0075 | 0.0014 | 00001 | 0.0000 0.0000 0.0000

[5.6) 0.0049 | 01213 | 06718 | 01574 | 0.0343 | 0.0084 | 0.0013 | 0.0005 0.0000 0.0000
[6.7) 0.0002 | 0.0147 | 0.1038 | 07075 | 0.1294 | 0.0327 | 00071 | 0.0021 0.0003 0.0002
[7.8) 0.0000 | 0.0026 | 00313 | 0.1949 | 04660 | 02276 | 00381 | 0.0146 0.0037 0.0013
[8.9) 0.0000 | 0.0001 | 0.0047 | 00446 | 02288 | 04392 | 02027 | 0.0568 0.0176 0.0053
[5.10) 0.0001 | 0.0000 | 0.0007 | 0.0101 | 0.0822 | 0.2766 | 03581 | 0.1775 0.0709 0.0238
[10.11) 0.0001 | 0.0000 | 0.0000 | 00027 | 0.0214 | 0.1066 | 0.2606 | 03227 0.1986 0.0874
[11.12) 0.0000 | 0.0000 | 0.0001 | 00005 | 0.0038 | 0.0347 | 0.1239 | 0.2637 03217 0.2516
[12, =0) 0.0000 | 0.0000 | 0.0000 [ 0.0000 | 0.0007 | 0.0040 | 0.0201 | 0.0622 0.1448 0.7682
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Pictures courtesy of Danish
Wind Energy Association
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Wind Turbine Control:
Power Equmbrlum

High Speed Shatt
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Classical Control

Known

Po P

set point »| Industrial
. —P><*  process >
Adjustable

Input

Controller |e—

lEhe Institution of . .
Engineering and Technology Working to engineer a better world n



Wind Turbine Control
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Fixed Speed Generator

Torque Power
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Variable Speed Generator
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Optimized Pitch Control
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Optimal vs Original Power
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Multi-Criteria Control

= Current Wi ights: Power-0.2, Rotor speed-0.2, Power ramp-0. 2, Generator torque-0.2, Pitch angle

Wind Speed (mfs) Pitch Angle (degree)
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Multi-Criteria Optimization Model

. .min C()
(1), )T (t+T), B(t+T)
subject to
A, (1) = f(v(t),v(t—2T),v(t-3T), Bt -T), Bt —-3T),z(t), z(t = T), z(t —3T), w, (t —3T), A, (t=T))
A t+T) = f(vt+T),v(t=T),v(t-2T), Bt), Bt -2T),c(t+T) , z(t)", 7(t = 2T), w, (t — 2T), A, (t)")
A1) = f(v(t),vt=T),v(t-2T),v(t-3T), B{t-T),z(t) , z(t - 2T), z(t -3T), A(t-T))
AR+T) = f(v(t+T),v(t),v(t-T),v(t-2T), Bt) , ct+T), z(t-T)", z(t-2T), A(t)")
P(t)" = f(v(t),v(t-T), B(t)", Bt-T) z(t)", (t-T))
Pt+T) = f(v(t+T),v(t), Bt+T), B) , c(t+T),z(t))
v(t)= f(v(t-T),v(t-2T),v(t—3T),v(t—4T),v(t —5T),v(t—6T),v(t —8T))
P, (t)" < min{1500, 2.625v(t)"}
P, (t+T) <min{l500,2.625v(t + T)%}
max{0, currentSetting — 40} < z(t)" < min{100, currentSetting + 40}
max{0, currentSetting — 40} < z(t + T)" < min{100, currentSetting + 40}
max{-0.57, currentSetting —15} < A(t)" < min{90.61, currentSetting +15}
max{-0.57, currentSetting —15} < £#(t + T)” < min{90.61, currentSetting +15}
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T + 10n Minute Power Predictions
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T + 10n Minute Predictions

Time MAPE (%) Std (%0)
T + 10 min 2.21 2.50
T + 20 min 3.91 4.08
T + 30 min 5.14 5.14
T + 40 min 6.06 5.91
T + 50 min 6.72 6.56
T + 60 min 7.38 6.98
T+ 70 min 8.02 7.51
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Short Term Predictions

: MAPE o : MAPE 0
Time (%) Std (%) Time (%) Std (%)

T+1 9.28 8.12 T+7 9.82 9.19
T+2 9.35 8.21 T+8 10.57 9.91
T+3 9.76 8.69 T+9 8.41 8.73
T+4 9.36 832 T+10 11.06 10.63
T+5 9.97 893 T+11 11.19 9.08
T+6 1049 999 T+12 1149 10.53
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Long Term Predictions

: MAPE o : MAPE Std
Time (%) Std (%) Time (%) (%)

T+3 593 423 T+45 1287 10.23
T+9 912 891 T+51 1097/ 10.92
T+15 992 8.04 T+57 1382 961
T+21 939 728 T+63 11.88 9.95
T+27 1035 641 T+69 9.56 7.68
T+33 1181 1224 T+75 1083 932
T+39 1163 779 T+81 6.37 6.19
T+42 1149 1006 T+84 10.57 8.78
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Optimization of Reactive Power
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Anomaly Detection
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Catastrophic Gearbox Fallure

3000

n (m/s2
DN DN
g1 O Ul
[eoNeNe)
[oNoNe)

1000

Acceleration (

IEhe Inst|tutlon—r'

Engineering and Technology

y

~

Gearbox failure
reflected by high
acceleration of the drive

C cnanchnt i
4 I ormQpoiivi I train and tower
VA A_Tower \ )
m < =<K <K LB+ ——A DT
H++++HBEO0O+0+0++++11 1+ | +EO
EEHELL P IMZMZHTHEITE |+ i+ nin&
+E+H+++ P+ RRF++11+ 11 +++
+ '+ + R
Time () Fault
| indication
: 70
II =_\_\_\_\__ 60
AN VYR W g — Actual
i Ei \ L 40 % faUIt
\ . - 30 §
v I —
h F 2
. - 10
F KB+ KEIOZS KB+ LB+
I++++B0+0+0++++11++++80
EEHEL K P IZ N RTHITTHE R B
+§+m+++¥+/+<¢+++|+u ++
+ 4+ A

Work

to engineer a better world



Innovation Solution
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Summary

= Growing role of data in wind energy

= Data mining and computational intelligence
key to novel solutions

= Data offers new ways of discovery of
disruptive technologies
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