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[@ZI REVIEW OF OCT 06 MEETING

@ Comparison of Method 0 vs. Method 1
- Year to year variation decreased using Method 1.
@ Curtailment Analysis
- 34% curtailment and maintenance factor observed for
Indian Mesa from Jul 2002 to Jan 2003
@ Degradation Analysis
- On average, no degradation observed for nine wind
farms analyzed over 4-year period.

@ Application of Method 1 to New Site- Sweetwater I Wind
Farm

1o OUTLINE

@ Application of Method 1 - Prediction of Power
Production in Base Year Using Daily Regression Model
for Each Wind Farm (22 subsites).

@ Method 1 Improvement — Daily Regression Model
Based on Synthesized On-site Wind Using Artificial
Neural Nets (ANN).

@ Future Work
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WHY NOT Use Hourly NOAA Wind and Power Curve ?
Sweetwater | Wind Farm

Hourly Power Generation and Wind Speed (2004 Hourly Data): I

* NOAA wind: Wourty Ol Wind Speed va NOAA ABI Wind Speed
« Significant lower than on-site wind
« Not appropriate for predicting hourly power
using power curve
* On-site wind:
« Measured power vs. on-site wind following
well the power curve prediction
* No curtailment at this site
* Green curves showing a band of 5 MW from the bt @ oo 0 B O & 0
power curve

2004 NOAA Wind Speed vs. On-site Wind Speed

Houry Wind Powr Generaton s, On-Ste Wind Specd

Hourly Wind Power Genaration va. NOAA ABI Wind Spocd

Vind Power Gnoraion
oy
cecassszss

nSte Vind Speed (4P

HORA Wind Spacd (4PH)

2004 Power vs. NOAA Wind Speed (MPH)

2004 Power vs. On-site Wind Speed (MPH)
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[@ APPLICATION: Method 1 - Sweetwater | Wind Farm

Example: Sweetwater I Wind Farm (37.5 MW) I

Sweetwater [ ¢ Completed and commenced
Vel L operation in late December
Nolan County 2003

NOAA -

Station in * Wind Turbines : GE Wind

Abilene Energy 1.5s 1500 kW

¢ Tower Height: 80 m

¢ Rotor Diameter: 70.5 m

* Rotor Speed: 11-22 rpm

¢ Number of Turbines :25

* Projected Annual Output:
141,748 mph

* Nearest NOAA Station:
Abilene Regional Airport -ABI

ems Laboratory, Texas A&M University Page 4

WHY NOT Use Hourly NOAA Wind and Power Curve ?
Sweetwater | Wind Farm

Introduction to the 3D color map surface plot: I

2004 Hourly Power Output (MW)

* 3D color map surface plot:
* Use to evaluate
relationships between
three variables at once
* Different colors
representing different
range of power output for
each hour of the year.

* Top contour:
* Another projection of the
3D color map surface
graph, which is from the
top.

* An example:
* 2004 hourly power
output for Sweetwater I
wind farm.
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WHY NOT Use Hourly NOAA Wind and Power Curve ?
Sweetwater | Wind Farm

Comparison of Hourly NOAA, On-site Wind and Power Generation (2004):
 NOAA wind speed significantly different from the on-site wind for this site

 The color settings for the power 3D surface plot were correlated to the wind speed 3D surface plot using power curve
« Power output in agreement with the on-site wind speed

01w 130w ssuw i Bl Bl e Eaad
O3MPH  SGMPH _ GOMPH  S12MPH - 1215MPH__ 151BMPH_ 1821MPH  212aMPH  2027MPH 2745 MPH
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APPLICATION - Method 1

& Procedure

2005 measured hourly wind power production obtained from
ERCOT.

— 2005 and 1999 hourly wind speed data obtained for the nearest
NOAA weather station.

Hourly wind speed and power production data converted to
daily data.

Daily performance curves developed by regressing the 2005
daily electricity production against the 2005 daily average
NOAA wind.

The coefficients from the 2005 regression and 1999 wind data
used to predict the daily electricity the wind farm would have
produced in 1999.

© Energy Systems Laboratory, Texas A&M University Page 9

[tzl APPLICATION: Method 1 - Sweetwater | Wind Farm

NOAA- ABI 1999 and 2005 Hourly Wind Speed in MPH I

* 3D surface plots - top contour for comparing 1999 and 2005 hourly wind speeds

* 1999 windier than 2005.

* In 1999 and 2005, winter and spring months windier than summer months.

* In 1999 and 2005, OSP less windier than other months, for example, Apr. to Jun., and Nov. to Dec.
* In 1999 and 2005, day time windier than night time.

2005

1999

0.00-3.00 = 3.00-6.00 6.00-9.00 =9.00-12.00 m12.00-15.00 15.00-18.00 = 18.00-21.00
= 21.00-24.00 m 24.00-27.00 m 27.00-30.00 m 30.00-33.00 m 33.00-36.00 m 36.00-39.00
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WHY NOT Use Hourly NOAA Wind and Power Curve ?
Sweetwater | Wind Farm

Ci ison of M d Hourlv MW and Predicted MW Using Power Curve (2004)
* 3D surface plot: showing the di between d and predicted MW

* Brown and red: difference within 5 MW
* Blue series: difference from 10 MW to 40 MW (measured minus predicted)

Use NOAA Hourly Wind Speed

A R R ]

Conclusion: Hourly NOAA wind may not be iate for icting power ion with power
curve for Sweetwater I Wind Farm
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Weather Data: NOAA- ABI 1999 and 2005 Hourly Wind Speed

© 2005 Wind Speed
* 16 hours wind
speed data missing
* Annual average:
10.3 mph

‘Wind Spoed (mph]

= \ \ ‘\“‘w “Hm w\ m WN
mm.m.mnun \HMIIMIII iy h Mlu m.m m

* 1999 Wind Speed
* 6 hours wind 'NOAA -ABI Hourly Wind Speed -2005
speed data missing
* Annual average:
11.3 mph

kv M KA, L ] L L

Wind Spoed (mph]

* 1999 Windier than
2005

il
\M.IM sl A e . il
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["zl APPLICATION: Method 1 - Sweetwater | Wind Farm

2005 Hourly Measured Wind Power Data from ERCOT:

Observations:
* Total capacity: 37.5 MW

* Maximum hourly output in 2005: 37.0 MW
* No missing hours

LTSN o)

05 05 Mayss  weos k05 A0S oo Nowos  Decos

Hourly Power Generation- 2005

Power [MWh/h]

IJ “'“n] 1 L

s
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[E}n APPLICATION: Method 1 - Sweetwater | Wind Farm

Hourly NOAA Wind Speed and Power Generation (2005):

« Power generation: higher during the night time; lower during the summer and OSP.

+ NOAA wind speed: higher during the day time; lower during the OSP.

« The color settings for the power 3D surface plot were correlated to the wind plot using power
curve.

d power ion not in with NOAA wind speed.
. Ongmal 'NOAA data not appropriate for hourly modeling.

R
e e e

(Mw)

H
H

arans
arzos

§
H

2005
NOAA
Wind
Speed
(MPH)

ot A aemw s temuw  2aww  dsww s
oauen M somn  comn T orzuen B oaswen  rssowen ™ sozruen M 2vzewen B zearuen B 2raowen

ms Laboratory, Texas A&M University Page 18

ESL-TR-07-04-02

[E}n APPLICATION: Method 1 - Sweetwater | Wind Farm

Comparison of Measured MW and Predicted MW Using Power Curve and
Hourly NOAA Wind (2005)

« 3D surface plot: showing the di d MW minus predicted MW)

* Brown and red: difference within 5 MW

* Blue series: difference from 10 MW to 40MW

* Significant underestimation during night time if using NOAA hourly wind and power curve
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Hourly Data Converted to Daily Data

© 2005 and 1999 hourly - 'NOAA-ABI Daily Wind Speed 1999
wind speed averaged to -
daily wind speed “

« Criteria: missing . MWWMNMVWMWWM
hours (more than 6)

excluded as a missing Sem rem wewm ew  wees e ww  Ame sow oo e o

NOAA-ABI Dally Wind Speed -2005.

day
* 2005: total of 2 days
wind speed data

missing B
* 1999: no missing a

days Jm0S P05 Ma0S  APOS  May0S A0S OS A0S  Sp05 0405 NovdS  Duos
2005 hourly power o DL C O D |
production summed to o

daily power oo
*No missing days o
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Predicted Wind Power Using 2005 Daily Model vs. Measured MWH

* Daily model performing well for the entire year and OSP
¢ July - the biggest error (-19.34%)

Measured Power | Lrodieted Power Measured Eo=y
et W IS SR o | Y
u0s 3t 994 8465 IR T 36%
s
{TH5-08145) a3 18,434 17486 3566% 3% a1%
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Modeling of Daily Turbine Power vs. Daily Wind Speed (2005)

(SWEETWND37.5 MW)

IMT Coefficients

< Yop (MWhiday) 1729898
3 Left Slope (MWh/mph-day) 50.1761
‘E 5 RMSE (MWhiday) 112.8012
2= R2 07237
é CV-RMSE 32.80%
H

2005 Wind Power Generation vs. NOAA-ABI Wind Speed
(SWEETWND37.5 1MW)

Ty
Fagussionttoss|

¢ Hourly Data
* Discretization, scatter

 Daily Data
* More appropriate for
modeling

Wind Power Generation
(Mwhiday)

NOAA Wind Speed (MPH)
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Predicted vs. Measured e T S Wy
July 2005 i

¢ Measured power not H

evenly distributed around 2

the prediction H

¢ Overestimation for the e n % =

first half of the month o nd Spren P

¢ Reason unknown: July 2005 wEn
e Curtailment? LR AT 1"
¢ Maintenance? [ R et o e
* Others? ‘ ‘

oot
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[@ APPLICATION: Method 1 - Sweetwater | Wind Farm

Predicted vs. Measured in i i |

(SWEETWND37.5 MW)

2005 Ozone Season Period

* Daily model performing
well in OSP

* Predicted vs. measured:
3.56%

Wind Power Generation
(MWhiday)

NOAA Wind Speed (MPH)

71605 72305 73005 sie05 81305 2005 a2705 sa0s ons
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Testing of the 2005 Model with 2004 Data
* 2004 measured power output and 2004 wind speed
2005 daily model coefficients
Wind Power Generation vs. NOAA Wind Speed (2004)
Conclusions:
¢ Model sufficiently robust for
predicting MWh in base year
* Nov - 16.3% diff.
2008 Precicted
20040
Wonth | Mwmo Daiy T
Model ERCOTMWhimo | Day Hodel NOAA Wind Speed (MPH)
san 191 e 1%
Feb 11303 .73 21%
wer 813 2628 S
Aor 2889 12255 2% o
ey 14566 16017 1%
Jun 2088 11008 oz% ®
i 10ses 10055 e
hug apis [0 2% .
Sep 7588 5067 0%
Oct 8798 9974 11.8% .
ov a673 7456 6% v J
pec. 9553 10543 s o we0e 204 2ok
Total 129,108 29371 oz

Two days data missing
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* 1999 estimated annual MWh with 2005 model: all sites increase.
* 1999 estimated OSP MWh/day with 2005 model: 6 sites decrease, all other sites increase.

Estimated Power Production in 1999 for Each Wind Farm in ERCOT: |

109050
VingUnthame | County catmaiea
imony)
Tavion s
ecos E3
ecos E)
weron Ea :
] 0 z
leworrson - i Note: Blue
S - text shows
o ) . the wind
= L . 2 farms built
o R o v o
WOODNRO_WoOODvRDY | _7Eces e , before
il - 2 09/2001.

>
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[@ APPLICATION: Method 1 - Sweetwater | Wind Farm

Predicted 2005 Capacity Factor Using 2005 Daily Model vs. Measured
Capacity Factor:
 The daily model performing well in predicting annual (0% error) and

OSP capacity factors (1% error).
 The biggest error in July (6%).

Capacity Factors Using Daily Model (SWEETWND 37.5 MW)

7 osP —

Capacity Factor
sr3BsusIEss

W05 Feb0S  MardS  Ap0S  May05 05 JUOS A0S  Sep05  OctlS  Nov05  DecdS
Month
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[m APPLICATION: Method 1 - Sweetwater | Wind Farm

Predicted Power Production in 1999 for Sweetwater I Wind Farm:

Method 0:  Uses daily average for OSP

Does not correct for base-year weather conditions

Method 1:  Uses daily regression model

Corrects for base-year weather conditions

Method 0: 2005 Measured: 125,259 MWh/yr
2005 OSP Measured: 288 MWh/day
Method 1: 1999 Estimated with 2005 Model: 143,711 MWh/yr, a 15% increase

1999 OSP Estimated with 2005 Model: 314 MWh/day, a 9% increase

[‘“ﬁ] APPLICATION: Comparison 1999 vs. 2005

Comparison of Annual 1999 Estimated (Method 1) vs. 2005 Measured
Method 0) For Each Wind Farm

* 1999 annual MWh: all sites increase.
* Biggest increase: CALLAHAN - 30%, H_HOLLOW -31%
* Highest annual production: TRENT

Wind Power Generation in Texas

| 2005Measured Muny 1999 Estimated MWhr Using 2005 Dally Model
CALLAHAN TRENT

{IRTHRAIAN
|||||||||||||||||| |

Wind Farms
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APPLICATION: Comparison 1999 vs. 2005

Comparison of 1999 Estimated (Method 1) vs. 2005 Measured I
(Method 0) in OSP :

* 1999 OSP MWHh/day: 6 sites decrease, the other sites increase.
* Biggest increase: H_HOLLOW, 146%
* Biggest degrease: SW_MESA, -7%

Wind Power Generation in Ozone Season Period in Texas

14001 —  20050SD 1999 O E—

Wind Farms
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APPLICATION: Comparison 1999 vs. 2005

Wind Power Generation in Texas Comparison of 1999
Predicted Using 2005
s TS Daily Model (Method 1)
w020

L vs. 2005 Measured
g (Method 0)

2,000,000, Method 0

oo

1658 Tt Eamand My Using 205 Daly il . — P ——

a0
12000 11555

Annual Total: Increased 15.2% i ":: —
£ Wethod 1
Method 0

OSP: Increased 21.6% -:> 2o

ToraL
2005 05D Whasured Mihidy

199 OSD Estimated MWday Using 2005 Daiy bl
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Why 1999 Estimated MWH Higher than 2005
Measured MWH?

Monthly Average Wind Speed in 1999 and 2005 for the NOAA Weather Stations I

“Average Monthly Wind Specd i 1999 3nd 2005 NOAAABI

‘Average Morthly Wi Speed i 1999 and 2005 NOAANAT

0 fe 0P 0. fo-05P -}

s re M Aw My an e Am S Go v D hn me A A Ny dn W Am Sw on N 0w
wontn onin

ABI: 10% windier in 1999 8% windier in 1999 OSP  MAF: 7% windier in 1999 2% windier in 2005 OSP

Avrage Monify Wind Spood n 1959 and 2005 NOARFST ‘Average MorthlyWind Speed i 1998 and 2005 NOAR-COP

o b ose xo 7\» ose
L~ 1" 7
!wv gmu

i = i

FST: 9% windier in 1999 8% windier in 1999 OSP GDP: 27 windier in 1999 4% windier in 2005 OSP
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H_HOLLOW: Why Does the Predicted Power Generation
in OSP Increase 146% vs. Measured?

H_HOLLOW (220 MW) : I

Started operation in August 2005.

Not running full capacity in OSP.

2005 model using 5 months data from August to December.
Partial data used to predict the power production in OSP.

.
.
.
.

2005 Wind Power Generation vs. NOAA-ABI Wind Speed
(H_HOLLOW_WND1 220 MW)

Wind Power Generation

5w 2% 3 3w 4 %
NOAA Wind Speed (MPH)

:ms Laboratory, Texas A&M University Page 26

Why 1999 Estimated MWH Higher than 2005
Measured MWH?

Comparison of 1999 and 2005 Wind Speed for the NOAA Weather Stations I

* Four weather stations used in the modeling

* Annually, 1999 windier than 2005 for all four weather stations
* In OSP, 1999 windier than 2005 for ABI and FST

¢ In OSP, 2005 windier than 1999 for MAF and GDP

Moy | 7 Spoed ABI (ot | Wind Speod MAF (mph | Wind Spaed FST (mphy | Wind Spocd GDP (mpt)
1399 4005 1999 2005 2005 2008
Jan 118 103 105 a7 102 191
Feb 22 89 e 89 92 215
Mar 121 s i [IR] [IR] 23
Apr 136 3 135 121 125 195
May 124 i 128 08 117 178
Jun 27 e 128 121 24 7
Jul 117 09 123 104 108 150
Avg 8 83 80 92 85 2
Sep 104 93 104 o7 92 15
Oct 0 (e X (el o7 68
Nov 57 08 63 94 103 w98
Dec 107 10 106 a5 a6 195
Annual
Average 118 02 108 102 112 103 183 180
=3
Average 87 50 a5 a7 100 93 139 145
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[‘“}] CONCLUSIONS

@ Conclusions
@ Predicted annual and OSP power production using NOAA
daily regression model (Method 1) for all wind farms in
ERCOT area increased by 15% and 21% respectively compared
to method 0.

& Recommendations:

& Use weather normalization for predicting 1999 base year
power production for each wind farm.

98 Use of weather normalization should allow the reduction of
discount factor used in the previous calculation.
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OUTLINE [t;] METHOD 1 IMPROVEMENT-ANN

& NOAA variables used in Artificial Neural Nets (ANN):

& Application of Method 1 - Prediction of Power Q and sl?eed.s .
Production in Base Year Using Daily Regression Model @ Wind directions, account for terrain effects
for All Wind Farms @ Dry bulb temperature: for ther fronts
& Dew point temperatures, account for clouds
@ Determination of the architecture of the neural nets
@ Automatic routines performed through a search process resulting
in the most parsimonious architecture
& Best network - multilayer perceptron with a hidden layer of six
nodes
@ The data set divided into three random groups
& Training set
@ Verification set
& Test set

@ Method 1 Improvement - Daily Regression Model
Based on Synthesized On-site Wind Using Artificial
Neural Nets

& Future Work

nergy Systems Laborato
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[m METHOD 1 IMPROVEMENT-ANN [m ANN APPLICATION - Procedure

Hidden Procedure: I
Input Layer Step 1:
Layer 1.1 Development and testing of the ANN model using on-site and NOAA hourly wind
speed, wind direction, dry bulb and wet bulb temp. for a same period for a site.
Output 1.2 Conversion of the hourly ANN on-site wind and power output to daily data and
Layer development of the ANN daily regression model and comparing it against NOAA daily
model for the same period.

Step 2:
2.1 Application of the ANN model to the 2005 NOAA hourly wind speed, wind direction,
dry bulb, and wet bulb temp. for this site to derive 2005 ANN hourly on-site wind speed.
2.2 Conversion of the 2005 hourly ANN on-site wind to daily data and development of
the 2005 ANN daily regression model using the measured 2005 daily power and ANN
daily on-site wind.

Step 3:
3.1 Application of the ANN model to the 1999 NOAA hourly wind speed, wind direction,
wet bulb, and dry bulb temp. for this site to derive 1999 ANN hourly on-site wind speed.
neural net archi for relating 3.2 Conversion of the 1999 hourly ANN on-site wind to daily data and application of the
site wind (output) to (input) variables measured at the icients of ANN daily ion model to the 1999 daily wind speed to predict the
NOAA weather site: wind speed, wind direction, dew power production in 1999 and 1999 OSP.
point temperature and dry bulb temperature
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[® ANN APPLICATION - Procedure [‘“ﬁ] ANN APPLICATION - Indian Mesa Wind Farm

ES I Indian Mesa Wind Farm (Jul 2002 to Jan 2003) - Hourly Data I
aouryGrem vrind Testing with the On- * Development of ANN Model:
Doy il and o Bl | D:mqedo 'l;l_or'rely Testing )y | Site Test Data Set e 4input variables‘(wind speed, wind direction, dry bulb and dew point temp.).
- i WYAEEY  the ANN Compare the Daily * 6 nodes for the hidden layer.
Hourly NOAA Wind Speed. Wind Speed/(6 M Reg. model Usin i icti ite wi
i) Drecrion, by Bl months- 1 year) lodel Convert eg. g * ANN improves the prediction of hourly on-site wind speed

1o Dail ANN Derived Wind
Measured Hourly Power g vs. NOAA Daily

‘and Wet Bulb Temp. (6
‘months- 1 year)

sssured Houry P oAb oty n-ske Wi Spd v, NORA Wind Spesd [ ——
zwf:‘""": W::ﬁ"g:d Derived 2005 Hourly N E ;
e ANN On-site Wind 2005 ANN B £ 1.
bek . . B o
Speed Daily =) Using ANN Derived I
2005 Measured Regression Wind vs. 2005 g i
Hourly Power  Convert TR NOAA Daily Model PR 2
Production {0 Daily R i
H S
Step 3 Coefficients - S E
e Derived 1999 Hourly |y IS eV By P S
oy Bul an ot B AL Production in 1999 and Hourly On-site Wind Speed vs. Hourly On-site Wind Speed vs. ANN
Epeed PSS Ozone Seascn Feriod NOAA Wind Speed Synthesized Wind Speed
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[Eﬁ] ANN APPLICATION - Indian Mesa Wind Farm

Step 1.1

Comparison of NOAA, On-site and ANN Wind Speed (2002-2003):

Observations:
*NOAA wind much
lower than on-site
wind.

* ANN providing
much better
prediction on on-site
wind than NOAA.

© The color settings
in the power plot
correlated to the wind
plot using power
curve.

© The color in the
power plot one to
several classes lower
than the wind plot
indicating
curtailment or
maintenance.

Ty
A s_a\a(v‘
¢

c2mm ZaMw L sreMw  eamww _ zasuw  secomw  omzww  Tzazw
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(Comparison of Measured and Predicted MW Using Power Curve (2004
« 3D Surface plot: showing the di ( minus predi

* Brown and red: difference within 5 MW

® Green: i or mai Blue:

™

use | { o N § T

On- i . T o v
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Indian Mesa Wind Farm (Jul 2002 to Jan 2003) — Daily Data

* NOAA model vs. ANN model
* Slopes are similar: 62.9 for NOAA
and 56.9 for ANN —
* Offsets significantly different: 3.9 = .
mph for NOAA and 9.2 mph for ANN e -
* ANN - Improves the model especially in
low wind speeds
* ANN - Monthly errors and error in OSP “
decrease significantly =

I Y P el © . ®

Wind Power Generation vs. NOAA-PST Wind Speed
- Jul 02-Jan 03 (INDNNWP_INDNNW P 82.5 MW)

(Mvhiday)

Measured MWh/day

Plotted Against Daily Wind Power Generation vs. ANNOrvsite Wind Spoed

NOAA Wind Speed -Jul 02-Jan 03 (INDNNWP_INDNNWP 82.5 MW)

o]

5w
H

Measured MWh/day T

Plotted Against Daily

ANN On-site Wind Speed » I T N

NNNA-On-site Wind Speed (MPH)
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[Eﬁ] ANN APPLICATION - Indian Mesa Wind Farm

Hourly Wind Power Generation v. NOAAFST Wind Speed
- Ju102-Jan 03 (NDNNVYP._INDNNVEP 525 W)

M MW
Indian Mesa Wind Farm H pl‘e,::‘:;:igamt
(Jul 2002 to Jan 2003) i Hourly NOAA
3% Wind Speed
 ANN significantly improves £
the prediction of on-site wind H «
speed compared to NOAA.

* Green curves showing a band of
5 MW from the power curve

Measured MW Plotted Against
Hourly On-site Wind Speed

Measured MW Plotted Against
Hourly ANN On-site Wind Speed

Hourly Wind Power Genaration v, ANK On-sits Wind Speedt
-0l 02-Jan 03 (NONNVIP_INDNNW 52.5 MV/)

Hourly Wind Power Generation vs. ANN Onsite Wind Speed
-Ju102-Jan 03 (NDNNWP_INOKNWP 82.5 1)

Curtailment

Wind Powe Generation
ay
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Indian Mesa Wind Farm (Jul 2002 to Jan 2003) — Daily Data

* NOAA wind speed is ok for predicting on-site wind speed for low wind speed
range, but underestimates significantly at higher wind speed.
* ANN predicts the on-site wind speed more accurately

Daiy On-site y Specd vs. ANN On-site Wind Speed
£ £
H i
g_ z. EEX
z s o
H S 3 I
i S -
: iy B
o iy EN
T ovenewmdspeeamen T T

Daily On-site Wind Speed vs.
NOAA Wind Speed

Daily On-site Wind Speed vs. ANN
Synthesized Wind Speed

tems Laboratos
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Indian Mesa Wind Farm (Jul 2002 to Jan 2003)

* Both NOAA and ANN models perform well for predicting annual power production
¢ ANN - Monthly errors and error in OSP decrease significantly
Monthly Summary Using NOAA Wind Monthly Summary Using ANN On-site Wind
- -
Predicted Power Predicted Power
Average | Measured Power
Generation Using
Ho.0f Daily Wind | Generation oin. A
Month | oays | ueH) (Mvmio) T jEe o Dally Model |5 qite
HoAA AR SR HA-On-site site L
u02 » 147 821 14302 s 1908 17421
Avg2 » 225
sepo2 2 1041
octz » 1043
Hov-02 z 973
Dec2 B 112
Jon 03 » 1033
197 1083
0 135
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[Efa] ANN APPLICATION - Indian Mesa Wind Farm

Indian Mesa Wind Farm (Jul 2002 to Jan 2003) - Monthly Comparison

* Difference between the Measured and Predicted Power Output for Each Month =

d- Predicted)/Mq o

¢ Positive: Underestimation Negative: Overestimation
* ANN model predicts the monthly power production more accurately
* Both models underestimate for July and August and overestimate in Oct, Nov.

Difference - Measured vs. Predicted Power Output

60.00%

4000%{ | OSP —

20.00% ¢—1

0.00%

Difference

E0ES Difference: Measured

s vs. NOAA Predicted

-60.00%
W02 Aug-02 Sep-02 Oct02 Nov-02 Dec-02 Jan-03 Feb-03 Mar-03 Apr03 May-03 Jun-03
Month
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[Efa] ANN APPLICATION - Indian Mesa Wind Farm

—O—NOAA-FST DalyMode!

o ANN OnsiteDailyModel
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ANN APPLICATION - Indian Mesa Wind Farm

Indian Mesa Wind Farm (2005 Hourly Data)

¢ Application of the ANN model
to derive the 2005 ANN on-site
wind.

* ANN significantly improves the
prediction of on-site wind speed
compared to NOAA.

2005 Hourly Wind Power Generation vs. NOAA-FST Wind Speed
(INDNNWP_INDNNWP 82.5 MW)

Measured MW -
Plotted Against

Hourly NOAA-FST

Wind Speed

(INDNNWP_INDNNWP 525 MW)

Measured MW
Plotted Against »
Hourly ANN On-

site Wind Speed

()
sz sseaes

AN On-site Wind Speed (NPH)
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Indian Mesa Wind Farm o “%’;" ,:_C':;::_';,, ,:Z;;-;_','W
(Jul 2002 to Jan 2003) Goan | "Thoder” | Daiy toder
Monthly Capacity Factors o - - o~
* ANN model: more accurate prediction on seno S S =
monthly and OSP capacity factor novoz 1% 1% 15
vecaz To%. = En
Capacity Factors Using DailyModel | rewmose | e .
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Indian Mesa Wind Farm (2005 Model)

* Both NOAA and ANN models perform well for predicting annual power production
* ANN - Monthly errors and error in OSP decrease significantly
Monthly Summary Using NOAA Wind Using ANN On-site Wind
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ANN APPLICATION - Indian Mesa Wind Farm

Indian Mesa Wind Farm (2005 Daily Data)

* Development of 2005 ANN daily reg. model
+ NOAA daily model vs. ANN daily model
« Slopes are similar: 94.9 for NOAA and
869 for ANN
* Offsets significantly different: 4.1 mph
for NOAA and 10.0 mph for ANN
* ANN wind - Improves the daily model in
low wind speed
+ ANN daily model - Monthly errors and erro
in OSP decrease significantly

2005 Wind Power Generation vs. NOAA-FST Wind Speed
(INDNNWP_INDNNWP 82.5 MW)

-3 88888

NOAR Wind Speed (MPH)

Measured MWh/day \\\‘
Plotted Against Daily
On-site Wind Speed

2005 Wind Power Generation vs. AN On-site Wind Speed
(NDNNWP_INDNNWP 82.5 MW)

Measured MWh/day g = T
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ANN On-site Wind - l.

Speed » 2
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Indian Mesa Wind Farm (2005 Model)

* Difference between the Measured and Predicted Power Output for Each Month =

d— Predicted)/M. o
Ii

¢ Positive: Und Negative: Ov
* ANN model predicts the monthly power production more accurately
* ANN model overestimates the power in OSP; NOAA underestimates the power in OSP

Difference - Measured vs. Predicted Power Output
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[‘“3] ANN APPLICATION - Indian Mesa Wind Farm

Indian Mesa Wind Farm (2005 Model)

¢ ANN model: more accurate prediction on monthly and OSP capacity factors

Capacity Factors Using Daily Model
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[‘“ﬁ] ANN APPLICATION - Indian Mesa Wind Farm

Indian Mesa Wind Farm (2005 Model)
* Derive the 1999 ANN on-site wind using the ANN model

© Apply the coefficients from 2005 ANN and NOAA daily models to 1999
ANN wind and NOAA wind, respectively.

[@ CONCLUSIONS

Conclusions:

— Both NOAA and ANN daily models providing acceptable annual
prediction on wind power generation.

— ANN models providing more accurate prediction on monthly and
OSP power generation.

Recommendations:

— Potential of underestimation of OSP power production could be
more than 10% if using NOAA wind speed.

— Continue the study on ANN for predicting more accurate on-site
wind speed.
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 Estimated Power Production in 1999 with 2005 Model
 Both NOAA and ANN models perform well for predicting annual power
production
© ANN - more accurate prediction for monthly and OSP power production
Summary
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[@ FUTURE WORK

Summary
& Method 1 (weather normalization using NOAA daily model)
increases the predicted annual and OSP power production by
15% and 21% respectively for all the wind farms in ERCOT
area.

& ANN on-site wind speed improves the performance of daily
regression model.

Future Work:
&8 More on-site wind speed data needed for the ongoing research.

& Improve the ANN model for predicting more accurate on-site
wind speed for hourly model.

& Other methodologies for predicting on-site wind speed at hub
height for hourly model.
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