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New Ulm Public Utilities
New Uim, Minnesota

Executive Summary

1. INTRODUCTION

1.1 Study Objective

New Ulm Public Utilities engaged WindLogics to analyze the detailed wind characteristics of
the New Ulm, Minnesota site. The objective of this study is to provide an analysis of the overall
wind regime, including a long-term estimation of the wind resource at 80 m above ground level
(AGL), for one virtual tower located on the New Ulm, Minnesota site (see Table 1). The site is
located roughly 11 km north of the city of New Ulm in Nicollet County, Minnesota.

Tower Latitude Longitude Elevation
{WGS 84) (WGS 84) {in meters)
Tower 1 N 44.40833 W 94.48041 316

Table 1: Virtual Tower Location

~
U ETun | - (e Allest TheSAme

1.2 Project Description

The WindLogics modeling system was used to gather statistics and information covering the
entire site, with a comprehensive analysis reported for one ¥irtua§ tower located within the
bounds of the site. Using data from the WindLogics Weather Data Archive, WindLogics
executed a detailed, twelve-month modeling process that was then normalized to reflect long-
term values using forty years of additional WindLogics data. Finally, these results were used to
generate the conclusions and details in this report.

2. SUMMARY OF RESULTS LRI u L. “Touoer

2.1 Annual Wind Speed, Gross Capacity Factor and Gross Energy Production
At the virtual tower location, the annual average wind speed at 80 m AGL.is 7.75 m/s,
corresponding-to an.@nnual gross capacity factor of 44%and an ghnual gross enefgy™ K
OduEtion of 6313 MWHfor the Vestas V82 1.65 MW MKIL turbine. { SC.& K3 | @7\
L,/

Note: All capacity factor and energy production values in this report are gross values. Net
values will depend on losses from project-specific characteristics such as availability, array
effects, icing, airfoil soiling, line losses, control losses and other factors.

2.2 Seasonal Characteristics

We typically see decreased wind speeds during the summer months and increased wind
speeds during the transitional and cooler months. The average wind speed for the period of
October through April is 8.17 m/s, while the May through September time span has an average
wind speed of 7.17 m/s. The fastest average monthly wind speed occurs in January with a
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value of 8.38 m/s, corresponding to a gross capacity factor of 50% (611 MWh) for the Vestas
V82 1.65 MW MKII turbine. July has the slowest average monthly wind speed with a value of
6.62 m/s, corresponding to a gross capacity factor of 30% (367 MWh) for the Vestas V82 1.65
MW MKI turbine.

Note: The highest (lowest) average wind speed months may not be the highest (lowest) energy
production months because energy production depends upon the wind speed distribution and
hourly air density, not just the average monthly wind speed.

2.3 Long-Term Normalization Method

The output from the WindLogics modeling process was normalized to represent the long-term
wind resource and was processed using the WindLogics Enhanced Measure Correlate Predict
(E-MCP or Enhanced MCP) method to compute short-term and normalized long-term datasets.
For more information, see Section 3.7.

2.4 Meteorological Overview

The meteorology of the Upper Midwest is dominated by the location and strength of the jet
stream and related tracks of synoptic-scale weather systems (i.e., low and high pressure
systems). During the winter and transitional seasons, the New Uim, Minnesota site is
influenced by transient and developing synoptic-scale weather systems associated with the
cool/cold season jet stream position. These systems establish the pressure gradients that drive
low-level winds. In the summer, the jet stream weakens and moves north, resulting in generally
weaker synoptic systems and weaker winds.

3. METHODOLOGY AND DATA

=

3.1 Methodology Overview v
The Windlogics Weather Data archive and modeling system were used to model the wind
activity of the site and generate statistics of the study region. The data archives were used as
input to the MM5 mesoscale modeling system with an inner grid resolution of 3 km (see
Appendix A, Page 1). The output from the MM5 modeling was then used as input to the
detaited windfield modeling system consisting of an outer grid with a resolution of 1 km and an
inner grid with a resolution of 50 m (see Appendix A, Pages 2 and 3).

Hourly time series were run for the entire period and statistics were accumulated on a monthly
and annual basis. The results were then normalized to long-term climatic means using 40
years of data from the WindLogics NCEP/NCAR Reanalysis data archive (see Section 3.7 for
the long-term normalization description).

3.2 Turbine Model & Power Curve
The gross energy production results were calculated for the Vestas V82 1.65 MW MKII turbine.
The WindLogics modeling system calculates energy production using time-dependent air

density and hourly wind speed values produc models
PIeaM

1)/ The power curve used in this study was created from documentation supplied by Vestas
(See Appendix B). ————
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2) The standard Vestas power curve used in the study was modified on an hour-by-hour
basis according to the air density values.

3) The WindLogics modeling process used the standard Vestas power curve at 1.225
kg/m?®. Energy production was calculated using the actual air density (from the modeling
process) at the site/point location for each hour in order to adjust the wind speed that
was applied to the power curve for that hour.

4) The formula that was used to adjust the wind speed is: WS*(AD/1.225) (¥ where AD is
the modeied air density and WS is the model estimated wind speed at that hour.

3.3 Topography Data

Fifty-meter resolution topography data acquired from USGS (United States Geological Survey)
was used as input to the WindLogics modeling system along with USGS land-use and
roughness information.

3.4 Vegetative and Land Cover Data
1) WindLogics took into account several sources (satellite imagery, USGS land cover
information, etc.) to assess the overall land cover of the region.
2} The land cover over the area is mostly farmland and is void of significant tree coverage.
Given this land cover, no displacement height was used.

3.5 WindLogics Archive Data for Detailed Analysis

The continuous modeling process used data from the WindLogics North American Archive,
consisting of hour-by-hour assimilated weather data at a 20-km horizontal spacing between
grid point columns. This data is a physics-based assimilation from many sources, both direct
measurement and remote sensing (e.g., satellite) sources, and was initially created by The
National Centers for Environmenta! Prediction (NCEP) as a starting point for their Rapid
Update Cycle forecast model. It is a complete, physically-consistent matrix of the atmospheric
conditions and includes wind, temperature, pressure and many other weather variables.
WindLogics has collected and organized this data and now has more than six years of this
North American data online.

3.6 WindLogics Weather Archive for Long-Term Normalization

WindLogics also has an online archive of more than 55 years of worldwide weather data used
for normalizing the results of the mesoscale modeling to reflect long-term values and for
studying the inter-annual variation of the wind resource. The National Centers for
Environmental Prediction (NCEP) and National Center for Atmospheric Research (NCAR)
have cooperated in this “Global Reanalysis” project to produce a retroactive record of
atmospheric weather data fields in support of the needs of the research and climate monitoring
communities. This effort involved the recovery of land surface, ship, rawinsonde, aircraft,
satellite and other data; ensuring strict quality control of all data; and assimilating all data with
a data assimilation system that is kept unchanged over the complete period. Most data fields
are saved four times per day (every 6 hours) and the horizontal resolution is approximately 210
km. WindLogics has developed special technology to maintain this complete dataset online
and obtain wind data from the archive at turbine hub height over the entire planet.

3.7 WindLogics Enhanced MCP Normalization Process Overview
The WindlLogics Enhanced Measure Correlate Predict (E-MCP or Enhanced MCP) method
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uses an advanced computational learning system combined with simultaneous use of multiple
long-term data points. Computational leaming systems are a type of “artificial intelligence” that
is concerned with detection and use of the complex patterns and relationships in data. The
patterns may be extremely complex and non-intuitive, and can involve complicated muilti-point
or multi-value non-linear relationships.

The WindLogics computational learning system approach involves using a large number of
cases for which we have both a set of known “hypothesis” variables and a known “target”
variable. This information is used to train the systemfo estimate the target quantity from the
hypothesis variables. In the training process, patterns of complex relationships between the
hypothesis and target variables are detected. This training information is then used to estimate
the target variable for other timeframes - timeframes for which we have the hypothesis
variables but not the target variable. For this study, data for the hypothesis variables came
from WindLogics NCEP/NCAR Reanalysis archive. The target variable was the model-based
wind speed at a hub height of 80 m AGL for the Tower 1 location (See Table 1).

To estimate the error in the E-MCP based prediction, a round-robin approach was used in
which each month was predicted without using that month’s data in training. In other words,
each of the 12 months was estimated using the other 11 months of training data. This required
a separate training and estimation process for each of the months, plus the final process that
used training data from all months to estimate the long-term time series.

The average monthly wind speed error for this E-MCP training was 4.73% and the correlation
to model-based wind speed values had a coefficient of determination (R?) of 0.78. The 12-
month overall bias was 0.32%. The quality of this E-MCP training is illustrated by the histogram
in Figure 1. Figure 1 shows how well the E-MCP training captured the distribution over the full
range of wind speed values. Prediction of the wind speeds from the E-MCP method are
shown, along with the actual data used from the shori-term training period. -
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Appendix A-2
Wind Summary Data from the NUPUC On-Site Meteorological Tower
(December 2008-February 2009)
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APPENDIX A-4 December 2008 Wind Summary

(Site Information: h Sensor Informaiion: December 2608 h
Projct: A1 o] e Summary Report
Location: 3 NRG#0 Avem. mis % No Sepsor

4 NRG #40 Anem, m/s 10 Mo Scnsor SITE 5643
Eievation: 307 m 5 NRG#0 Anem, ov/s 11 NRG L108 Temp, C

L ) 6 NRG #0 Anem. /s 12 iPack Voltmster ‘New Ulm Wind Farm Y,

Channel 1 2l 3 4 H 6 7 g 1 12

Height 58 58 45 45 32| 3% 2

Unity 1mfs mfs ws wi mfs | deg| deg C| volts

Intervals with Valid Data 454 4464, 2464 464 464 2464 4464 4464 4464 4464/

Average Filtered Dats 58 793 729 759 7.01 7 265.24) 25674 158.45 13.72

Average for All Data 779 753 729 759 701 7 26524 256.74 15645 1572

Min Intarval Average 03 0.5 04 D4 03 0.4 143.2! 128

Date of Min Interval 1072608 | 12072008] 12072008{ 12/0%2008| 120%2008] 12072008} 1272202008 121402008

Time of Mir knterval 3:20:00 AM| 3:20:00 AM| 3:20:00 AM| 3:20:00AM| %20:00 AM| 3:10:00 AM 6:30:00 AM| 9:35:00 B

Max Interval Aversge 196 20, 189 132 18.1 184 176.1 151

Bate of Bax Interval 12729/2008| 122972008 |  12/20/2008 | 127200008 12720/2008 12290008 12022008 1271572008

Time of Max Intervat 3000 AM| 7:30:00 AM| 7:30:00 AM | 7:30:00AM] 73000 aM| 7:30:00 AM 3:10:00 PM| B:30:00 AM

Average Interval S 07 068 071 069 o 1] 368 41 0.04 o901

Min Sample 03 04 0.4 04 03 04 1429 125

Date of Min Samgle 12072008} 24720087 1207608 12072008] 12072008} 125092008 122272008 | 121472008

Tinze of Min Sample 2:20:00 AM| 2:20:00 AM[ 2:20:00 AM| 2:20-00 AM | 12:20:00 A} 2:20:00 AM| 630:00 AM| 9:30:00 Pi|

Max Sample 244 25 239 <1 239 215 176.2| 152

Date of Max Sample 1%/202008| 1202002008 32972008 | 12200080 122902088( 12000008 12022008 120220008

Time of Max Surople 7:30:00 AM| 7:30-00 AM{ 730:00 AME| 7:30:00 AM]| 7:30:00 AM| T:30:00 AM 321000 PM ! 8:00:00 AM

Average Tuterval TE 6.09 0.09 ot 009 0.5 al

'Wind Speed Direction W wi

‘Groerated Thursday, Febraary 05, 2009 NRG Systeiss SDR Version 5,10




APPENDIX A4

January 2000 Wind Summary

Site Information: ) Sensor Information: January 2009 )
Project:  A3-1 2 NRGHO Amemms § F300B W Vine Sunsmary Report
Loeation: 3 NRG 145 Anem, mis $ No Sensor
4 NRG 46 Anem, m's 1O No Sensor SITE 5643
Elevation: 307 m 5 NRGiM0 Anem, mis 11 NRG 1108 Temnp, C
y. 6 NRG #40 Anem, m/s 12 iPack Voltmeter ‘New Ul Wind Farm y
i Chanzel 1 2 3 1 5 A 7 ) n 2
Meipht 58| 58 45 45, 32 32 2,
Units ms| mfs mws m/s| m/s ms| deg dog [ volts,
latervals with Walid Data 4464 4464/ 4464 M6 4464 4464 4454 464 44564/ 4464
Aversge Filtersd Data 123 73 68 93 645 648 28673 27928 156.75 1383
Averape for All Datz 723 73 6.8 581 §.45| $43 28613 27528 13875 1183
Min Interval Average [k} 04 04 Q4 03 04 137.9| 7
Drate of Min Tntervat 01222008 OLZHZ0001 OL22009) 01/222008) 01227000 01222009 QNI52002| D1/14/200%
Time nl’M"m Interval 2:20:00 PM[ 2:20:00 PM | 11:00:00 AM | 1 1:00:00 AM 3 11:19:00 AM | 11:00:00 AB 73000 AM | 10:00:00 PM
Max Iuterval Averags 189 195 183 186 17.4 179 1762 153
Date of Max Intersal 0172009 SUATZ009] DLETR0600 OMIIRNS| ou1mzo09| oriTZe0s 017312009 0171572008
‘Time of Max Taterval 230:00PM| 230:00 PM[ 2:30:00 PM| Z:30:00PM| 230:00 BM| 2:30:00 PM 2:20:00 PM| 8:10:00 AM
Average Interval 5B 06 0.6] LYY (1118 062 0.62 48 559 0.04 001
Mia Sample 0.3 0.4 [LX] 04 a3 04 137.7] 123
Date of Min Samphe 01022000 OL022005| 00220081 OLO22009] QL022088] OLAO22008 DYE52009|  01/1472609
“Fime of Min Sample 12:00:00 PM | 12:00:00 hf{ 12:00:60 PM ) 12-00-00 PM{ 12:00:00 PM| 12:00:D0 PAL 7:40:00 AM | 10:00:00 PM
Max Sample 242 246 22 230 235 231 176.4] 153
Date of Max Sample OLIT/2009] OWI17/2009| O0IAAM2000) OL1TRNSE 0U72009) GL/1HZ009 01/31/2009| 01/152008
Tire of Max Sample 5:50:00 AM| 5:50:00 AMY 550000 AM | $:50:00 AMSF 5-50:08 AM| 5:50:00 AM 2:20:00 PM 8:10:00 AM
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Wind Speed Direction NW NW

Generatod Taesdsy, March 18, HH9

NRG Systzms SRR Version 5100



Appendix A-3
Data Quality Review — Sibley Met Tower Summary Report
(January 2009)




WindLogics

CONSULTING SERVICES

Data Quality Review - Sibley Met Tower
summary Report

Prepared for:
New Ulm Public Utilities

Prepared by:
Rolf D. Miller
and

Richard Walker

@Ma 2009

Confidential Business Information




This document has been prepared and furnished exclusively for the use of the
recipient. The reproduction, copying or distortion of this document, in whole or in part,
or the disclosure or resale of any of its contents to any other person is not licensed
except with the written approval of WindLogics Inc.

Copyright © 2009 by WindLogics Inc. Ali rights reserved.

This decument is a trade secret and its confidentiality is strictly maintained. Use of the
Copyright nofice does not designate publication and is not to the contrary.

Primary Author: Richard Walker, Lead Analyst
Name/Title

Reviewed By: Rolf Miller, Technical Consulting Services Manager
Name/Title

Disclgimer: WindLogics Inc. has prepared this report based on_avaitable third party historical weather information
ond use of our predictive software and analysis methods. We cannot guarantee the accuracy of historical wegther
data. Historical weather information also does not necessarly allow accurate prediction of future weather patterns.
WE ARE THEREFORE PROVIDING THIS REPORT TO YOU WITHOUT ANY EXPRESS OR IMPLIED WARRANTY OF FITNESS FOR
A PARTICULAR PURPOSE OR MERCHANTABILITY. Our sole responsibility is the preparation and delivery of this report.
By accepting this report, you agree that our fability in any situation is limited to the amount paid for our report. In no
event will we be liable for any special or consequential damages arising from use, or misuse, of our report or
information init.




. 5}3 Cs CONFIDENTIAL Page 1 of 7

New Uim Public Utilities

Data Quality Review - Sibley Met Tower

Infroduction

The purpose of this report is to communicate the results of a data quality review
performed by WindLogics af the request of New Ulm Public Utilities | NUPU) on data from
the “Sibley” meteorological data collection [met) tower, located in Sibley County,
Minnesota. See Table 1 below for met tower location information.

. o
N 44.52103 W 24.41036 1037 /316 m
Table 1: Sibley Met Tower Location Information

o

_Sibley [Met 182)

The Sibley met fower data were obtained by NUPU from EAPC Architects and Engineers

{(EAPC) of Grand Forks, ND. The met tower data were collected of the Sibley site by
-EAPC and are being used by NUPU as o proxy met tower for their site. located
_approximately 7 miles from the Sibley tower. 1t is believed that the Sibley met fower
data reflect the conditions af The NUPU site for the > purposes of wind turbine suitability,
but thisis subject to verification that will be possible when sufficient met fower data
_collecled have been Collected af the NUPU site, which is currently ongoing. -

—

/ﬁhis work is being pursued by NUPU in anticipation_of installing wind turbines for purposes
enerating electricity. The nominal hub height of the wind turbines planned for
installation is 80 meters above ground level (m AGL).

Methods

-Meteorological data were exiracted from binary files created by AAT Solutions’ data

Jogger, as provided to Windlogics by NUEY. The dota were extracted using AAT
Solutions’ “Go Logger" application and then run through WindLogics' automated met
tower data qudlity control checking software. The resulting data and qudiity control
information were then analyzed by WindLogics’ staff using the Excel™ and
Windographer™ software packages.

Information regarding boom and sensor orientations was provided to WindLogics.
WindLogics did make some assumptions regarding the data and they are as follows:

» Wind speed data were in meters per second (m/s)
* Temperature data were in degrees Celsius {*C)

» Wind direction data had a 180° offset encoded in the data logger, as noted on
the commissioning information provided to windLogics

« Allfimestamps were in Central Standard Time [CST)

www.WindLogics.com
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Resuits

Data Recovery and Screening

Meteorological data were collected afthe Sibley fower during 14 months from
November 13, 2007 to January 18, 2009 Data were collected at 10-minute intervals. The

“gverdge vaiues used in the andlysis and stated in this report are reflective of the 10-
minute interval data {as opposed to hourly average values).

Table 2, below shows the amount of data recovered from the data files, and how many
timestamps were flagged during the aviomated data quality screening process. Please
note that the height of the sensor, such as “60m {E}”, is the distance in meters that the
sensor is above ground levet and orientation of the boom as a compass heading.

Wind Speed 62,3562 0 100.00 3,018 5 .
Wind Speed 62,352 0 100.00 2,962 2,962 9525
Wind Speed 62,352 0 100.00 2,917 2,917 95.32
Wind Speed 62,352 4] 100.00 3,234 3,234 94.81
Wind Direction 62,352 0 100.00 8,658 9,658 84.51
Wind Direction 82,352 i] 100.00 10,130 10,130 83.75
Temperature 62,352 4] 100.00 5,608 89,608 84.59
Totals 436,464 0 100.00 41,527 41,527 90.49

Table 2: Sibley Met Tower Data Recovery Summary

Sensor-By-Sensor Data Quality Analysis

'A breakdown of the data quality for each of the sensors on the Sibley met toweris as
follows:

e All Sensors: There are no significant gaps in the wind speed sensor data record
that were observed. Larger gaps for the wind direction and temperature sensors
are apparent. All data collected from February 15, 2008 fo April 14, 2008 are
inwwm an icing event which damaged
the sensors. Other minor gaps in the data record exist. but did not occur for more
fRarr24Hours af o iime.
ancAnouhaianme.

e Ch. 01 Anem. 60m E {wind speed at 60m AGL}: As can be seenin Table 2, 95.16%
of the data collected by this sensor during the data collection period were un-
flagged. The resulting average wind speed was 7.55 meters per second {m/s).

The amount of un-flagged data and the pof’rerns of data seen would indicate
that this sensor was functioning normally during most of the collection period.

« Ch.02 Anem. 60m W (wind speed at 60m AGL): As can be seen in Table 2,
95.25% of the data collected by this sensor during the data collection period
were un-flagged. The resulting average wind speed was 7.71 m/s. The amount of
un-flagged data and the patterns of data seen would indicate that this sensor
was functioning normailly during most of the collection period.

» Ch.03 Anem. 50m NW {wind speed at 50m AGL}: As can be seen in Table 2,
95.32% of the data collected by this sensor during the data collection period
were un-flagged. The resulling average wind speed was 7.22 m/s. The amount of
un-flagged data and the pattems of data seen would indicate that this sensor

www.WindLogics.com
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was functioning normally during most of the collection period. Even though the
data collection appears to be functioning normaily, there is reason to believe
that there may be a problem with this sensor, see ‘Wind Shear and Hub-Height
Wind Speeds’ section, below.

* Ch. 04 Anem. 40m NW {wind speed at 40m AGL): As can be seen in Table 2,
94.81% of the data collected by this sensor during the data collection period
were un-flagged. The resulting average wind speed was 7.13 m/s. The amount of
un-flagged data and the patterns of data seen would indicate that this sensor
was functioning normally during most of the collection period.

» Ch. 05 Vane 88m N {wind direction at 58m AGL): As can be seen in Table 2,
84.51% of the data coliected by this sensor during the data collection period
were un-flagged. The somewhat low rate of return for this sensor was due to
problems with the sensor following outages during the time periods from January
10-16, February 15 to April 14, and December 14-23, 2008. The cause of the
problems with the sensor is unknown, but icing events appear to be a potential
cause. The data that do exist indicate predominant wind directions from the
south during the summer and the northwest during the winter (see Figure 1).

LQQ?CS CONFIDENTIAL Page 3 of 7
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Figure T: Wind Rose at 58m AGL

e Ch. 06 Vane 38m N (wind direction at 38m AGL): As can be seen in Table 2, the
results of the automated data quality screening indicated that 83.75% of the
data collected by this sensor during the data collection period were un-flagged.
The somewhat low rate of return for this sensor was due to problems with the
sensor following outages during the time periods from January 10-16, February 15
to April 14, and December 14-23, 2008. The cause of the problems with the sensor

www.WindLogics.com
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is unknown, but icing events appear to be a potential cause. The data that do
exist indicates predominant wind directions from the south during the summer
and the northwest during the winter {see Figure 2}.

i Fraasmer Hrid

e L

Wind: i

Figure 2: Wind kose at 38m AGL

« Ch. 0?2 Temp. 3m (air temperature at 3m AGL}: As can be seen in Table 2, 84.59%
of the data collected by this sensor during the data collection period were un-
flagged. The somewhat low rate of return for this sensor was due to problems
with the sensor following outages during the time period from February 15 to April
14, 2008. The overall average temperature for the data collection period was
4.5° C {40° F).

Identified Inter-Sensor Problems

There are a few issues with the data collected at the Sibley site that become apparent
when comparing data from multiple sensors:

* As mentioned in the ‘Sensor-By-Sensor Data Quality Analysis’ section, the 58m
AGL and 38m AGL wind direction vanes, along with the 3 m AGL temperature
sensor, had significant difficulties during most of the two months from February 15
to April 14, 2008. The wind direction data from this period were clearly bad, and
were removed from the dataset. The wind speed data from this period were
more problematic. it appeared that some of the data were good, while
interspersed with the good data were periods that were not. The reason behind
the odd behavior of the anemometers during this time was not found, and it was
ultimately decided, absent a definite reason 1o take it out, to leave the wind
speed data in the dataset. See Figure 4, below, for a graphical depiction of the

www.WindLogics.com




Iny Temp (*Ch

60m_Spd_E (nv's)

Vindl ogics

CONFIDENTIAL Page 5 of 7

data during this period. In the figure, time series of wind directions at 58m AGL
and 38m AGL, with temperature at 3m AGL, are shown on top, while wind
speeds af 60m AGL (east and west orientation), 50m AGL, and 40m AGL are
shown on the bottom. The odd behavior can be clearly seen for the fime period
for which the wind direction data have been removed. Should o definite reason
for the odd behavior be found, or if data quality requirements become stricter, it

may be decided that the wind speed data during this time period should also be
removed from the dataset.

T | |
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Figure 3: Wind speed and direction comparison for the time period from February 1o April 2008

e The two anemometers at 60m AGL disagree by an average value of 0.16 m/s,

which is a fairly slight amount of difference for sensors at the same height. One
source of this discrepancy is fower shadow. Tower shadow occurs when one
sensor is shielded by the tower, resulting in ‘a lower wind speed. Tower shadow
plots were examined, and some shadowing is seen, see Figure 5 for an example.
Figure 5 shows the “60m E” {Ch. 01 Anem. 60m]} sensor minus the "60m W" (Ch. 02
Anem. 60my} sensor. As can be seen from the figure, there is a significant
difference in wind speeds near 270 degrees {boom orientation relative fo true
north). These differences would appear to indicate that tower shadow is playing
arole in the measurement of wind speed at 60m AGL from this direction.
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Figure 4: Tower shadow analysis at 60m AGL

Wind Shear and Hub-Height Wind Speeds

The goal of any wind resource analysis is to assess the wind’s ability to drive wind
turbines at specific locations and heights. It is often only possible to measure the wind at
lower heights than the typical height of the turbine. This requires that the hub-height
wind speed be estimated from the measured data.

Estimating hub-height wind speeds from measurements at lower heights requires the use
of a wind shear exponent, commonly referred to as o {alpha), which is a value showing
the relationship between wind speeds at an upper and a lower height. This value is then
used in the power law equation to calculate wind speeds at hub height. Table 3 shows
a summary of five different wind shear scenarios for comparison and their estimated
hub-height {80m AGL) wind speed values.

0.163 7.94
0.214 8.19
0.293 8.23
0.407 8.68
. 0.224 8.32

Table 3: Summary of Wind Shear Values and Estimated Hub-Height Wind Speeds
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The wind shear and estimated 80m AGL wind speed values in Table 3 are based on the
period for which overlapping data were available from all the three sensors during the
data collection period. Also presented are the shear and hub-height exfrapolated wind
speed using the maximum value between the “40m E” and “60m W” sensors at each
time step. The maximum value is calculated in order to reduce the tower shadow effect
as demonstrated in Figure 5. Using the maximum value of the two 60m AGL wind speed
sensors and the 40m AGL wind speed sensor, an average shear exponent of 0.224 and
estimated average 80m AGL wind speeds of 8.32 m/s were present during the 14-month

data collection period.

The shear value calculated using the 60m AGL and the 50m AGL wind speed sensors
appears to be abnormally high for southem Minnesota, at 0.407. This appears to
indicate that the 50m AGL sensor may have been reporting slightly lower than
expected.

Conclusions and Recommendations

A thorough qudlity checking and analysis process was performed by WindLogics on
meteorological data provided by New Uim Public Utiiities for the Sibley met tower. Data
quality issues were identified, particularly the two-month gap in wind direction and
temperature data in early 2008, and the possibility that the wind speed data for this
time period could be removed from the dataset (wind speed data were not removed
at this fime). The data collected after the outage period indicates that the sensors on
the Sibley tower resumed operation and are currently working properly. However, after
such a data outage, it is often beneficial to inspect the sensors on the tower and re-
calibrate and/or replace sensors as needed. Overall, the rate of data outages,
recovery rates and the tower shadowing effects are within expected ranges.

Despite the met tower data quality issues found at the Sibley location, the bulk of the
daia collected are consistent with a hub-height wind speed of approximately 8.3 m/s,
which indicates that a-*modereteste=gHod™ Wind resource during the collection Tree
period at the Sibley site.

i S —
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The WindLogics® analysis (Appendix A-1) estimated an average December wind speed.o@ fh}l
(18.3'mph)-at 80 m. The average December 2008 wind speed recorded at the NUPUC on-site

meteorological tower at 58 m was 7.93 m/s (17.7 mph) for the month (Appendix A-2). Using the data from

the 58 m and the 45 m anemometer of 7.59 m/s (16.9 mph), a wind speed of 8.50 m/s (19.0 mph) can be

extrapolated at 80 m.
vt 200 1 | T
Jhe WindLogi analysis {Appendix A-1) estimated a normalized average January wind speed e 43
(18.7 mph) at 80 m. The January 2009 average wind speed at 58 m was 7.30 m/s {16.3 mph) for the Tianth
{Appendix A-2). Using the data from the 58 m and 45 m anemometer of 6.93 m/s (15.5 mph), a wind speed
of 7.93 m/s (17.7 mph) can be extrapolated at 80 m.
S0 : | _ _ . ot - B2
- The Windl ogic3® analysis (Appendix A-1) estimated a normalized average February wind speed df 8.01-m/s & 4
(17.9 mph) at 80 m. The February 2009 average wind speed at 58 m was 7.67 m/s {17.1 mph) for the month ™G
(Appendix A-2). Using the data from the 58 m and 45 m anemometer of 7.33 m/s {16.4 mph), a wind speed
of 8.24 mfs (18.4 mph) can be extrapolated at 80 m.

In addition to the on-site data currently being collected, the NUPUC has obtained wind data from.2_additiona)
gources. The NUPUC purchased and contracted with WindLogics® to perform a data quality review
summary report of the wind data from the Sibley meteorological tower located 7 miles north of the NUPUC
Project site. This data comprises 1 year of %mﬁmmdmgics® data
quality review analysis, attached as Appendix A-3, indicates an average annual hub height wind speed of
approximately 8.3 m/s (18.6 mph).

pp ﬂ/«;jx__,__d ph)

f:.?ﬁ " Interannual Variation SP(“\E _
As indicated above, from the WindLogics® Wind Resource Analysis, the expected annual average wind < <, L ?
.. Speed at the Project site is approximately 8.3 m/s at an 80 m hub hemmmp‘ ; blE
Minnesota Wind Resource Analysis Program (WRAP) 7 years of data from the 70 m _Mountain Lake <t
meteorological tower near Darfur, has an expected average wind speed of 7.3 m/s (16.3 mph) at & 70 m and
would yield a wind speed of 8.0 m/s (17.9 mph) that can be extrapolated at 80 m. _The Mountain Lake

- . . . - . . - m—-——-—-———-____?
Jneteorological tower is located within 50 miles of the NUPUC Project site and is the only tower officially idb .
reported with at least 7 years of continuous 70 m wind speed data as shown in AppendiX A4 L~ O QL
Sty

2.3.2 Seasonal Variation

Data collection from the NUPUC on-site meteorological tower is ongoing; therefore the seasonal variation of ,:{
the predicted monthly average wind speeds for the Project site at a hub height of 80 m (262 feet) is being
developed. The meteorological tower recorded the highest wind speed in Décember of 8.51 m/s (19.0 mph).

The NUPUC Project site wind speeds are consistent with the characteristics of other wind resources within
Minnesota, which are generally highest in the fall, winter, and spring months. Wind speed decreases during
the late spring and summer months (May through August).

2.3.3 Diurnal Conditions

Three months of information, December 2008, January 2009, and February 2009, have been recorded by
the NUPUC on-site 60 m meteorological tower and provided a sampling of the diurnal variation of wind
speed at the Project site. Representation of the variability of wind speed over the course of a 24-hour period
is presented in Graphics 2-1, 2-2, and 2-3 on the following pages. The meteorological tower wind summary
report for December, January, and February are included as Appendix A-2. The conditions encountered
indicate increasing wind speed in the afternoon hours as the temperature reaches daytime highs. The range
of wind speed has been recorded at 6 m/s (13.4 mph) in the morning to @ high in excess of 17 m/s (38 mph).
The average wind velocity at 58 m for December 2008 was 7.8 m/s (17.4 mphy); January 2009 was 7.2 m/s
(16.1 mph); and February 2009 was 7.6 m/s (17.0 mph). The maximum 58 m wind speed recorded was in
December 2008 at 19.5 m/s (43.6 mph). Wind speeds at high levels tend to decrease in the morning
because of the warming effects of the sun on the earth, resulting in a mixing of winds. . a,ﬂ —
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