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REVIEW OF OCT 06 MEETINGREVIEW OF OCT 06 MEETING

Comparison of Method 0 vs. Method 1Comparison of Method 0 vs. Method 1

-- Year to year variation decreased using Method 1.Year to year variation decreased using Method 1.

Curtailment AnalysisCurtailment Analysis

-- 34% curtailment and maintenance factor observed for 34% curtailment and maintenance factor observed for 
Indian Mesa from Jul 2002 to Jan 2003Indian Mesa from Jul 2002 to Jan 2003

Degradation AnalysisDegradation Analysis

-- On average, no degradation observed for nine wind On average, no degradation observed for nine wind 
farms analyzed over 4farms analyzed over 4--year period.year period.

Application of Method 1 to New SiteApplication of Method 1 to New Site-- Sweetwater I Wind Sweetwater I Wind 
FarmFarm
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OUTLINEOUTLINE

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

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

Future WorkFuture Work
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Example:Example: Sweetwater I Wind FarmSweetwater I Wind Farm (37.5 MW)(37.5 MW)

• Completed and commenced 
operation in late December 
2003.

• Wind Turbines : GE Wind 
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

Sweetwater I 
Wind Farm in 
Nolan County

NOAA 
Station in 
Abilene

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm
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Hourly Power Generation and Wind Speed (2004 Hourly Data): Hourly Power Generation and Wind Speed (2004 Hourly Data): 

2004 Power vs. NOAA Wind Speed (MPH)2004 Power vs. NOAA Wind Speed (MPH) 2004 Power vs. On2004 Power vs. On--site Wind Speed (MPH)site Wind Speed (MPH)

Hourly Wind Power Generation vs. NOAA-ABI Wind Speed 
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Hourly Wind Power Generation vs. On-Site Wind Speed 
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Hourly On-site Wind Speed vs. NOAA-ABI Wind Speed 
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2004 NOAA Wind Speed vs. On2004 NOAA Wind Speed vs. On--site Wind Speedsite Wind Speed

• NOAA wind: 
• 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 
power curve

WHY NOT WHY NOT Use Hourly NOAA Wind and Power Curve ? Use Hourly NOAA Wind and Power Curve ? 

Sweetwater I Wind Farm Sweetwater I Wind Farm 
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Introduction to the 3D color map surface plot:Introduction to the 3D color map surface plot:

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.

Look from Top

0-1 MW

1-3 MW

3-8 MW

8-14 MW

14-22 MW

32-36 MW

22-32 MW

36-38 MW

WHY NOT WHY NOT Use Hourly NOAA Wind and Power Curve ? Use Hourly NOAA Wind and Power Curve ? 

Sweetwater I Wind Farm Sweetwater I Wind Farm 

ESL-TR-07-04-02
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Comparison of Hourly NOAA, OnComparison of Hourly NOAA, On--site Wind and Power Generation (2004): site Wind and Power Generation (2004): 

2004 2004 

Power Power 

Output Output 

(MW)(MW)

2004 2004 

NOAA NOAA 

Wind  Wind  

Speed Speed 

(MPH)(MPH)

0-1 MW

0-3 MPH 3-6 MPH 6-9 MPH

1-3 MW

9-12 MPH

3-8 MW

12-15 MPH

8-14 MW

15-18 MPH

14-22 MW

18-21 MPH

32-36 MW

24-27 MPH

22-32 MW

21-24 MPH

36-38 MW

27-45 MPH

2004 2004 

OnOn--site   site   

Wind  Wind  

Speed Speed 

(MPH)(MPH)

OSPOSP

• 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

WHY NOT WHY NOT Use Hourly NOAA Wind and Power Curve ? Use Hourly NOAA Wind and Power Curve ? 

Sweetwater I Wind Farm Sweetwater I Wind Farm 
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Comparison of Measured Hourly MW and Predicted MW Using Power CuComparison of Measured Hourly MW and Predicted MW Using Power Curve (2004)rve (2004)

• 3D surface plot: showing the difference between measured 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

Use On-site Hourly Wind Speed
OSPOSP

WHY NOT WHY NOT Use Hourly NOAA Wind and Power Curve ? Use Hourly NOAA Wind and Power Curve ? 

Sweetwater I Wind Farm Sweetwater I Wind Farm 

Hourly Wind Power Generation vs. NOAA-ABI Wind Speed 
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Hourly Wind Power Generation vs. On-Site Wind Speed 
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Conclusion: Hourly NOAA wind may not be appropriate for predicting power production with power 
curve for Sweetwater I Wind Farm

© Energy Systems Laboratory, Texas A&M UniversityUniversityUniversityUniversity Page 9999

APPLICATIONAPPLICATION –– MethodMethod 11

ProcedureProcedure

–– 2005 measured hourly wind power production obtained from 2005 measured hourly wind power production obtained from 

ERCOT.ERCOT.

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

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

–– Daily performance curves developed by regressing the 2005 Daily performance curves developed by regressing the 2005 

daily electricity production against the 2005 daily average daily electricity production against the 2005 daily average 
NOAA wind.NOAA wind.

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

produced in 1999.produced in 1999.
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Weather Data: NOAAWeather Data: NOAA-- ABI ABI 1999 and 2005 Hourly Wind Speed 1999 and 2005 Hourly Wind Speed 

NOAA -ABI Hourly Wind Speed -1999
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NOAA -ABI Hourly Wind Speed -2005
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APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

•• 2005 Wind Speed2005 Wind Speed
• 16 hours wind 
speed data missing
• Annual average: 
10.3 mph

•• 1999 Wind Speed1999 Wind Speed
• 6 hours wind 
speed data missing
• Annual average:
11.3 mph

•• 1999 Windier than 1999 Windier than 

20052005
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NOAANOAA-- ABI ABI 1999 and 2005 Hourly Wind Speed in MPH 1999 and 2005 Hourly Wind Speed in MPH 

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

• 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

OSPOSP
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2005 Hourly Measured Wind Power Data from ERCOT: 2005 Hourly Measured Wind Power Data from ERCOT: 

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

Observations:

• Total capacity: 37.5 MW 
• Maximum hourly output in 2005: 37.0 MW 
• No missing hours 

Hourly Power Generation- 2005
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Hourly NOAA Wind Speed and Power Generation (2005): Hourly NOAA Wind Speed and Power Generation (2005): 

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

• 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.
• Measured power generation not in agreement with NOAA wind speed. 
• Original NOAA data not appropriate for hourly modeling.

OSPOSP

2005 2005 

Power Power 

Output Output 

(MW)(MW)

2005 2005 

NOAA NOAA 

Wind  Wind  

Speed Speed 

(MPH)(MPH)

0-1 MW

0-3 MPH 3-6 MPH 6-9 MPH

1-3 MW

9-12 MPH

3-8 MW

12-15 MPH

8-14 MW

15-18 MPH

14-22 MW

18-21 MPH

32-36 MW

24-27 MPH

22-32 MW

21-24 MPH

36-38 MW

27-39 MPH
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Comparison of Measured MW and Predicted MW Using Power Curve andComparison of Measured MW and Predicted MW Using Power Curve and

Hourly NOAA Wind (2005)Hourly NOAA Wind (2005)

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

• 3D surface plot: showing the difference (measured 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

OSPOSP
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Hourly Data Converted toHourly Data Converted to Daily DataDaily Data

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

NOAA-ABI Daily Wind Speed -1999
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NOAA-ABI Daily Wind Speed -2005
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•• 2005 and 1999 hourly 2005 and 1999 hourly 
wind speed averaged to wind speed averaged to 

daily wind speeddaily wind speed

• Criteria: missing 
hours (more than 6) 
excluded as a missing 
day
• 2005: total of 2 days 
wind speed data 
missing
• 1999: no missing 
days

•• 2005 hourly power 2005 hourly power 

production summed to production summed to 
daily power daily power 

•No missing days

 Daily Wind Power Generation- 2005
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Modeling of Daily Turbine Power vs. Daily Wind Speed (2005)Modeling of Daily Turbine Power vs. Daily Wind Speed (2005)

32.80%CV-RMSE 

0.7237R2 

112.8012RMSE (MWh/day)

50.1761Left Slope (MWh/mph-day)

-172.9893Ycp (MWh/day)

IMT Coefficients

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

• Hourly Data 
• Discretization, scatter 

• Daily Data 
• More appropriate for 
modeling

2005 Hourly Wind Power Generation vs. NOAA-ABI Wind Speed 

(SWEETWND 37.5 MW) 
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2005 Wind Power Generation vs. NOAA-ABI Wind Speed 

(SWEETWND 37.5 MW)
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Measured Data

Daily Regression Model
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Predicted Wind Power Using 2005 Daily Model vs. Measured MWHPredicted Wind Power Using 2005 Daily Model vs. Measured MWH

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

• Daily model performing well for the entire year and OSP
• July – the biggest error (-19.34%)
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Predicted vs. Measured Predicted vs. Measured 

in July 2005in July 2005

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

2005 Wind Power Generation vs. NOAA-ABI Wind Speed 

(SWEETWND 37.5 MW)
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Measured Data

Measured Data in Jul 05

Daily Regression Model

Wind P o wer G enera tio n in July 2005 (SWE ET WN D  37 .5 M W)  

0

200

400

600

800

1000

7/1/05 7/8/05 7/15/05 7/22/05 7/29/05

D ate

0

4

8

12

16

20

M easured Average Daily kWh

Predicted Average Daily kWh - NOA A Daily M odel

NOAA -AB I Wind Speed

• Measured power not 
evenly distributed around 
the prediction
• Overestimation for the 
first half of the month
• Reason unknown: 

• Curtailment?
• Maintenance?
• Others?
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Predicted vs. Measured in Predicted vs. Measured in 

2005 Ozone Season Period2005 Ozone Season Period

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

 Wind Power in 2005 Ozone Season Period (SWEETWND 37.5 MW) 
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2005 Wind Power Generation vs. NOAA-ABI Wind Speed 

(SWEETWND 37.5 MW)
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Measured Data

Measured Data in OSP

Daily Regression Model

• Daily model performing 
well in OSP
• Predicted vs. measured: 
3.56% 
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Predicted 2005 Capacity Factor Using 2005 Daily Model vs. MeasurPredicted 2005 Capacity Factor Using 2005 Daily Model vs. Measured ed 

Capacity Factor:Capacity Factor:

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

Capacity Factors Using Daily Model (SWEETWND 37.5 MW) 
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M easured CF NOAA -ABI Daily M odel CF NOAA-ABI Wind Speed

OSP

• The daily model performing well in predicting annual (0% error) and 
OSP capacity factors (1% error).
• The biggest error in July (6%).
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Testing of the 2005 Model with 2004 DataTesting of the 2005 Model with 2004 Data

• 2004 measured power output and 2004 wind speed
• 2005 daily model coefficients

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

Conclusions:Conclusions:
• Model sufficiently robust for 
predicting MWh in base year

• Nov – 16.3% diff. 

Wind Power Generation vs. NOAA Wind Speed (2004) 
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Wind P o wer Generatio n in N ovember 2004 (SWEETWN D  37.5  M W) 
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Predicted Power Production in 1999 for Sweetwater I Wind Farm:Predicted Power Production in 1999 for Sweetwater I Wind Farm:

APPLICATION: APPLICATION: Method 1 Method 1 –– Sweetwater I Wind FarmSweetwater I Wind Farm

Method 0:Method 0: 2005 Measured:  125,259 2005 Measured:  125,259 MWhMWh/yr/yr

2005 OSP Measured: 288 2005 OSP Measured: 288 MWhMWh/day/day

Method 1:Method 1: 1999 Estimated with 2005 Model: 143,711 1999 Estimated with 2005 Model: 143,711 MWhMWh/yr, a /yr, a 15%15% increaseincrease

1999 OSP Estimated with 2005 Model: 314 1999 OSP Estimated with 2005 Model: 314 MWhMWh/day/day, , a a 9%9% increaseincrease

Method 0:    Method 0:    Uses daily average for OSPUses daily average for OSP

Does not correct for baseDoes not correct for base--year weather conditionsyear weather conditions

Method 1:Method 1: Uses daily regression modelUses daily regression model

Corrects for baseCorrects for base--year weather conditionsyear weather conditions
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Estimated Power Production in 1999 for Each Wind Farm in ERCOT:Estimated Power Production in 1999 for Each Wind Farm in ERCOT:

APPLICATION: APPLICATION: Summary for All Wind FarmsSummary for All Wind Farms

Note: Blue 
text shows 
the wind 
farms built 
before 
09/2001.

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

APPLICATION: APPLICATION: Comparison 1999 vs. 2005Comparison 1999 vs. 2005

Wind Power Generation in Texas 
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2005 Measured MWh/yr 1999 Estimated MWh/yr Using 2005 Daily Model 

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

CALLAHAN

H_HOLLOW

TRENT
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Comparison of 1999 Estimated (Method 1) vs. 2005 Measured Comparison of 1999 Estimated (Method 1) vs. 2005 Measured 

(Method 0) in OSP : (Method 0) in OSP : 

APPLICATION: APPLICATION: Comparison 1999 vs. 2005Comparison 1999 vs. 2005

Wind Power Generation in Ozone Season Period in Texas 
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2005 OSD Measured MWh/day 1999 OSD Estimated MWh/day Using 2005 Daily Model 

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

H_HOLLOW

SW_MESA
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H_HOLLOW (220 MW) : H_HOLLOW (220 MW) : 

H_HOLLOWH_HOLLOW: Why Does the Predicted Power Generation Why Does the Predicted Power Generation 

in OSP Increase 146% vs. Measured? in OSP Increase 146% vs. Measured? 

• 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)  
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Comparison of 1999 Comparison of 1999 

Predicted Using 2005 Predicted Using 2005 
Daily Model Daily Model (Method 1)(Method 1)

vs. 2005 Measured vs. 2005 Measured 
(Method 0)(Method 0)

APPLICATION: APPLICATION: Comparison 1999 vs. 2005Comparison 1999 vs. 2005

Annual Total: Increased Annual Total: Increased 15.2%15.2%

OSP: Increased OSP: Increased 21.6%21.6%
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1999 2005 1999 2005 1999 2005 1999 2005

Jan 11.8 10.3 10.9 9.7 12.0 10.2 21.2 19.1

Feb 12.2 8.9 11.2 8.9 11.4 9.2 22.4 21.5

Mar 12.1 11.5 11.8 11.1 11.8 11.1 21.5 22.3

Apr 13.6 13 13.5 12.1 13.1 12.5 20.9 19.9

May 12.4 11 12.8 10.8 12.6 11.7 19.9 17.3

Jun 12.7 11.9 12.8 12.1 12.0 12.4 16.3 15.7

Jul 11.7 9.9 12.3 10.4 12.3 10.6 14.8 16.0

Aug 8.4 8.3 8.0 9.2 8.8 8.5 13.5 12.9

Sep 10.4 9.3 10.1 9.7 9.9 9.2 16.8 14.5

Oct 10 9.3 9.1 9.3 10.4 9.7 14.2 16.8

Nov 9.7 10.3 8.3 9.4 9.5 10.3 18.2 19.8

Dec 10.7 10 10.0 9.5 10.6 8.6 20.6 19.5

Annual 

Average 11.3 10.3 10.9 10.2 11.2 10.3 18.3 18.0

OSP 

Average 9.7 9.0 9.5 9.7 10.0 9.3 13.9 14.5

Wind Speed GDP (mph)
Month

Wind Speed ABI (mph) Wind Speed MAF (mph) Wind Speed FST (mph)

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

•• Four weather stations used in the modelingFour weather stations used in the modeling
•• Annually, 1999 windier than 2005 for all four weather stationsAnnually, 1999 windier than 2005 for all four weather stations

•• In OSP, 1999 windier than 2005 for ABI and FSTIn OSP, 1999 windier than 2005 for ABI and FST
•• In OSP, 2005 windier than 1999 for MAF and GDPIn OSP, 2005 windier than 1999 for MAF and GDP

Why 1999 Estimated MWH Higher than 2005 Why 1999 Estimated MWH Higher than 2005 

Measured MWH?Measured MWH?
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Monthly Average Wind Speed in 1999 and 2005 for the NOAA WeatherMonthly Average Wind Speed in 1999 and 2005 for the NOAA Weather Stations Stations 

Why 1999 Estimated MWH Higher than 2005 Why 1999 Estimated MWH Higher than 2005 

Measured MWH?Measured MWH?

ABI: 10% windier in 1999 8% windier in 1999 OSP

Average Monthly Wind Speed in 1999 and 2005- NOAA-ABI

0.0

5.0

10.0

15.0

20.0

25.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

W
in

d
 S

p
e
e
d

 (
m

p
h

)

1999

2005

OSP

Average Monthly Wind Speed in 1999 and 2005- NOAA-MAF

0.0

5.0

10.0

15.0

20.0

25.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Month

W
in

d
 S

p
e
e
d

 (
m

p
h

)

1999

2005

OSP

Average Monthly Wind Speed in 1999 and 2005- NOAA-FST
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Average Monthly Wind Speed in 1999 and 2005- NOAA-GDP
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MAF: 7% windier in 1999 2% windier in 2005 OSP

FST: 9% windier in 1999 8% windier in 1999 OSP GDP: 2% windier in 1999 4% windier in 2005 OSP
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ConclusionsConclusions
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:Recommendations:
Use weather normalization for predicting 1999 base year 
power production for each wind farm.

Use of weather normalization should allow the reduction of 
discount factor used in the previous calculation.

CONCLUSIONSCONCLUSIONS
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OUTLINEOUTLINE

Application of Method 1 Application of Method 1 –– Prediction of Power Prediction of Power 

Production in Base Year Using Daily Regression Model Production in Base Year Using Daily Regression Model 
for All Windfor All Wind FarmsFarms

Method 1 Improvement Method 1 Improvement –– Daily Regression Model Daily Regression Model 

Based on Synthesized OnBased on Synthesized On--site Wind Using Artificial site Wind Using Artificial 
Neural NetsNeural Nets

Future WorkFuture Work

© Energy Systems Laboratory, Texas A&M UniversityUniversityUniversityUniversity Page 32323232

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

Wind speedsWind speeds

Wind directions, account for terrain effectsWind directions, account for terrain effects

Dry bulb temperatures, account for weather frontsDry bulb temperatures, account for weather fronts

Dew point temperatures, account for clouds 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 IMPROVEMENTMETHOD 1 IMPROVEMENT--ANNANN
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METHOD 1 IMPROVEMENTMETHOD 1 IMPROVEMENT--ANNANN

Hidden 
Layer 

Output 
Layer 

Input 
Layer 

Multilayer perceptron neural net architecture for relating 
site wind (output) to (input) variables measured at the 
NOAA weather site: wind speed, wind direction, dew 

point temperature and dry bulb temperature
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Procedure:Procedure:

Step 1:
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.
1.2 Conversion of the hourly ANN on-site wind and power output to daily data and 
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.
3.2  Conversion of the 1999 hourly ANN on-site wind to daily data and application of the 
coefficients of ANN daily regression model to the 1999  daily wind speed to predict the 
power production in 1999 and 1999 OSP.

ANN APPLICATION ANN APPLICATION –– ProcedureProcedure

© Energy Systems Laboratory, Texas A&M UniversityUniversityUniversityUniversity Page 35353535

ANN APPLICATION ANN APPLICATION –– ProcedureProcedure

Measured Hourly Power 

for the same period

Hourly On-site Wind 

Speed, Wind Direction, 

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

Hourly NOAA Wind Speed, 

Wind Direction, Dry Bulb 
and Wet Bulb Temp. ( 6 

months- 1 year)

Derived Hourly 

ANN On-site 
Wind Speed ( 6 

months- 1 year)

Testing Testing 

the the ANNANN

ModelModel

Compare the Daily 

Reg. model Using 

ANN Derived Wind 

vs. NOAA Daily 

Model (Same Period)

Step 1Step 1

Testing with the On-

site Test Data Set

Convert 

to Daily

TrainedTrained

ANNANN

ModelModel

Derived 2005 Hourly 
ANN On-site Wind 

Speed

2005 Hourly NOAA Wind 

Speed, Wind Direction, 

Dry Bulb and Wet Bulb 
Temperature

2005 2005 ANNANN

Daily Daily 

Regression  Regression  

ModelModel

2005 Measured 

Hourly Power 

Production

Compare the 2005 

Daily Reg. model 

Using ANN Derived 

Wind vs. 2005 

NOAA Daily ModelConvert 

to Daily

Step 2Step 2

1999 Hourly NOAA Wind 

Speed, Wind Direction, 

Dry Bulb and Wet Bulb 
Temperature

Derived 1999 Hourly 

ANN On-site Wind 

Speed
Convert 

to Daily

Estimate the Power Estimate the Power 

Production in 1999 and Production in 1999 and 

Ozone Season PeriodOzone Season Period

Step 3Step 3
Coefficients
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Hourly OnHourly On--site Wind Speed vs. site Wind Speed vs. 
NOAA Wind SpeedNOAA Wind Speed

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) –– Hourly DataHourly Data

Hourly OnHourly On--site Wind Speed vs. ANN site Wind Speed vs. ANN 
Synthesized Wind SpeedSynthesized Wind Speed

On-site Wind Speed vs. ANN On-site Wind Speed
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Hourly On-site  Wind Speed vs. NOAA Wind Speed
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• Development of ANN Model: 
• 4 input variables (wind speed, wind direction, dry bulb and dew point temp.).
• 6 nodes for the hidden layer.

• ANN improves the prediction of hourly on-site wind speed

Step 1.1Step 1.1
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Comparison of NOAA, OnComparison of NOAA, On--site and ANN  Wind Speed (2002site and ANN  Wind Speed (2002--2003): 2003): 

OnOn--site site 

Wind Wind 

Speed Speed 

(MPH)(MPH)

NOAA NOAA 

Wind  Wind  

Speed Speed 

(MPH)(MPH)

0-2 MW

0-3 MPH 3-6 MPH 6-9 MPH

2-8 MW

9-12 MPH

8-16 MW

12-15 MPH

16-28 MW

15-18 MPH

28-44 MW

18-21 MPH

60-72 MW

24-27 MPH

44-60 MW

21-24 MPH

72-82 MW

27-45 MPH

ANN ANN 

Wind  Wind  

Speed Speed 

(MPH)(MPH)

OSPOSP

Power Power 

Output Output 

(MW)(MW)

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

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.

Step 1.1Step 1.1
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Indian Mesa Wind Farm  Indian Mesa Wind Farm  

(Jul 2002 to Jan 2003)(Jul 2002 to Jan 2003)

Measured MW Plotted Against Measured MW Plotted Against 
Hourly OnHourly On--site Wind Speedsite Wind Speed

Measured MW Plotted Against Measured MW Plotted Against 
Hourly ANN OnHourly ANN On--site Wind Speedsite Wind Speed

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Measured MW Measured MW 
Plotted Against Plotted Against 
Hourly NOAA Hourly NOAA 
Wind SpeedWind Speed

•• ANN significantly improves ANN significantly improves 
the prediction of onthe prediction of on--site wind site wind 
speed compared to NOAA. speed compared to NOAA. 
•• Green curves showing a band of Green curves showing a band of 
5 MW from the power curve5 MW from the power curve

Hourly Wind Power Generation vs. NOAA-FST Wind Speed  

- Jul 02-Jan 03 (INDNNWP_INDNNWP 82.5 MW) 
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 Hourly Wind Power Generation vs. ANN On-site Wind Speed 

- Jul 02-Jan 03  (INDNNWP_INDNNWP 82.5 MW) 
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 Hourly Wind Power Generation vs. ANN On-site Wind Speed 

- Jul 02-Jan 03  (INDNNWP_INDNNWP 82.5 MW) 
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Step 1.1Step 1.1
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Comparison of Measured and Predicted MW Using Power Curve (2004)Comparison of Measured and Predicted MW Using Power Curve (2004)
• 3D Surface plot: showing the difference ( measured minus predicted) 
• Brown and red: difference within 5 MW
• Green: curtailment or maintenance;  Blue: underestimation

Use Use 
ANN ANN 
Hourly Hourly 
Wind Wind 
SpeedSpeed

OSPOSP

Use Use 
OnOn--
site site 
Hourly Hourly 
Wind Wind 
SpeedSpeed

Use Use 
NOAA NOAA 
Hourly Hourly 
Wind Wind 
SpeedSpeed

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Hourly Wind Power Generation vs. NOAA-FST Wind Speed  

- Jul 02-Jan 03 (INDNNWP_INDNNWP 82.5 MW) 
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 Hourly Wind Power Generation vs. ANN On-site Wind Speed 

- Jul 02-Jan 03  (INDNNWP_INDNNWP 82.5 MW) 
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 Hourly Wind Power Generation vs. ANN On-site Wind Speed 

- Jul 02-Jan 03  (INDNNWP_INDNNWP 82.5 MW) 
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Step 1.1Step 1.1
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Daily OnDaily On--site Wind Speed vs. site Wind Speed vs. 
NOAA Wind SpeedNOAA Wind Speed

Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) –– Daily DataDaily Data

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

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Daily On-site Wind Speed vs. ANN On-site Wind Speed
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•• NOAA wind speed is ok for predicting onNOAA wind speed is ok for predicting on--site wind speed for low wind speed site wind speed for low wind speed 

range, but underestimates significantly at higher wind speed.range, but underestimates significantly at higher wind speed.
•• ANN predicts the onANN predicts the on--site wind speed more accuratelysite wind speed more accurately

Daily On-site Wind Speed vs. NOAA Wind Speed
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Step 1.2Step 1.2
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Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) –– Daily DataDaily Data

Measured MWh/day 
Plotted Against Daily 
NOAA Wind Speed

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

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

• 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

• ANN – Improves the model especially in 
low wind speeds 
• ANN - Monthly errors and error in OSP 
decrease significantly

Wind Power Generation vs. ANN On-site Wind Speed 

- Jul 02-Jan 03  (INDNNWP_INDNNWP 82.5 MW)  
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Measured Data

Daily Regression Model

Wind Power Generation vs. NOAA-FST Wind Speed 

- Jul 02-Jan 03 (INDNNWP_INDNNWP 82.5 MW)  
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Step 1.2Step 1.2
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Indian Mesa Wind Farm  (Jul 2002 to Jan 2003)Indian Mesa Wind Farm  (Jul 2002 to Jan 2003)

Monthly Summary Using NOAA WindMonthly Summary Using NOAA Wind Monthly Summary Using ANN OnMonthly Summary Using ANN On--site Windsite Wind

• Both NOAA and ANN models perform well for predicting annual power production 
• ANN - Monthly errors and error in OSP decrease significantly

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Total Total 

OSP OSP 

Step 1.2Step 1.2
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Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) Indian Mesa Wind Farm  (Jul 2002 to Jan 2003) –– Monthly ComparisonMonthly Comparison

• Difference between the Measured and Predicted Power Output for Each Month =
(Measured– Predicted)/Measured

• 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.

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Difference - Measured vs. Predicted Power Output
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Step 1.2Step 1.2
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Capacity Factors Using Daily Model
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Indian Mesa Wind Farm  Indian Mesa Wind Farm  
(Jul 2002 to Jan 2003) (Jul 2002 to Jan 2003) 

Monthly Capacity FactorsMonthly Capacity Factors

• ANN model: more accurate prediction on 
monthly and OSP capacity factor 

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

ANN On-site Wind

NOAA Wind

ANN Predicted CF

NOAA Predicted CF

Measured CF

Step 1.2Step 1.2
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Indian Mesa Wind Farm  (2005 Hourly Data)Indian Mesa Wind Farm  (2005 Hourly Data)

Measured MW 
Plotted Against 
Hourly NOAA-FST 
Wind Speed

Measured MW 
Plotted Against 
Hourly ANN On-
site Wind Speed

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

2005 Hourly Wind Power Generation vs. NOAA-FST Wind Speed 

(INDNNWP_INDNNWP 82.5 MW) 
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2005 Hourly Wind Power Generation vs. ANN On-site Wind Speed 

(INDNNWP_INDNNWP 82.5 MW) 
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•• Application of the ANN model Application of the ANN model 

to derive the 2005 ANN onto derive the 2005 ANN on--site site 
wind. wind. 
•• ANN significantly improves the ANN significantly improves the 

prediction of onprediction of on--site wind speed site wind speed 
compared to NOAA. compared to NOAA. 

Step 2.1Step 2.1
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Indian Mesa Wind Farm  (2005 Daily Data)Indian Mesa Wind Farm  (2005 Daily Data)

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

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

2005 Wind Power Generation vs. NOAA-FST Wind Speed 

(INDNNWP_INDNNWP 82.5 MW)  
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Measured Data

Measured in OSP

Daily Regression Model

2005 Wind Power Generation vs. ANN On-site Wind Speed 

(INDNNWP_INDNNWP 82.5 MW)  
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Measured Data

Measured in OSP

Daily Regression Model

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

• Development of 2005 ANN daily reg. model
• NOAA daily model vs. ANN daily model

• Slopes are similar: 94.9 for NOAA and 
86.9 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 error 
in OSP decrease significantly

Step 2.2Step 2.2
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Indian Mesa Wind Farm  (2005 Model)Indian Mesa Wind Farm  (2005 Model)

Monthly Summary Using NOAA WindMonthly Summary Using NOAA Wind Using ANN OnUsing ANN On--site Windsite Wind

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

• Both NOAA and ANN models perform well for predicting annual power production 
• ANN - Monthly errors and error in OSP decrease significantly

Total Total 

OSPOSP

Step 2.2Step 2.2
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Indian Mesa Wind Farm  (2005 Model)Indian Mesa Wind Farm  (2005 Model)

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

Difference - Measured vs. Predicted Power Output

-60.00%

-40.00%

-20.00%

0.00%

20.00%

40.00%

60.00%

Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05

Month

D
if

fe
re

n
c

e

NOAA-FST Daily M o del ANN On-site Daily M odel

OSP

• Difference between the Measured and Predicted Power Output for Each Month =
(Measured– Predicted)/Measured

• Positive: Underestimation   Negative: Overestimation
• 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. ANN Predicted

Difference: Measured
vs. NOAA Predicted

Step 2.2Step 2.2
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Capacity Factors Using Daily Model

0%

10%

20%

30%

40%

50%

60%

Jan-05 Feb-05 Mar-05 Apr-05 May-05 Jun-05 Jul-05 Aug-05 Sep-05 Oct-05 Nov-05 Dec-05

Month

C
a
p

a
c

it
y

 F
a

c
to

r

0

4

8

12

16

20

24

A
v
e

ra
g

e
 D

a
il
y

 W
in

d
 

S
p

e
e

d
 P

e
r 

M
o

n
th

 

(m
p

h
)

M easured CF NOAA -FST Daily M odel CF A NN On-site Daily M odel

NOAA -FST Wind Speed ANN On-site Wind Speed

OSP

Indian Mesa Wind Farm  (2005 Model)Indian Mesa Wind Farm  (2005 Model)

ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

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

ANN On-site Wind

NOAA Wind

ANN Predicted CF

NOAA Predicted CFMeasured CF

Step 2.2Step 2.2
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ANN APPLICATION ANN APPLICATION –– Indian Mesa Wind FarmIndian Mesa Wind Farm

• Derive the 1999 ANN on-site wind using the ANN modelStep 3.1Step 3.1

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

Step 3.2Step 3.2

Indian Mesa Wind Farm  (2005 Model)Indian Mesa Wind Farm  (2005 Model)

© Energy Systems Laboratory, Texas A&M UniversityUniversityUniversityUniversity Page 51515151

Conclusions:Conclusions:

–– Both NOAA and ANN daily models providing acceptable annual Both NOAA and ANN daily models providing acceptable annual 

prediction on wind power generation. prediction on wind power generation. 

–– ANN models providing more accurate prediction on monthly and ANN models providing more accurate prediction on monthly and 

OSP power generation.OSP power generation.

Recommendations:Recommendations:

–– Potential of underestimation of OSP power production could be Potential of underestimation of OSP power production could be 

more than 10% if using NOAA wind speed.more than 10% if using NOAA wind speed.

–– Continue the study on ANN for predicting more accurate onContinue the study on ANN for predicting more accurate on--site site 
wind speed.wind speed.

CONCLUSIONSCONCLUSIONS
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SummarySummary

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:Future Work:

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.

FUTURE WORKFUTURE WORK
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