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Introduction

This preliminary assessment report investigatesvind resource available at Danehy Park in the City

of Cambridge, providing estimated power generation figures as well as cost and revenue estimates and
potential impacts to wildlife anthe surroundingcommunity. A sdellite photo of Danehy Park can be

seenin Figure 1.

Figure 1. Danehy Park satellite photo (courtesyGoogle Maps). The location of the
light pole where the wind sensors were mounted is marked with a yellow star.



Turbine Ev aluation Set

This report evaluatebe followingfive turbines for potential installation at Danehy Park:
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The first four turbinedisted are currentlyavailablefor purchasewhile the Polaris 500 is scheduled to

SkyStream 3.7 (2.4 kW)
Polaris 20 (20 kW)
Northern Power 100 (100 kW)
Aeronautica 2225 (225 kW)
Polaris 500 (500 kW)

be available in 2012These turbinesvere chosen tprovide broadrepresentative coverage aidirrent
small to medium scale turbines that would likely be considered for ingiallat this site Larger
turbineswould have to contend witimcreasinty burdensomenoise andshadowflicker issuesgreater
financial risk,as well as the potential for greater community resistance.

A summary of important specificationsf the turbinesis provided in Table 1. More detailed
specifications are available at tthea n u f a avebpages.r s 6

Northern

Aeronautica

Skystream 3.7  Polaris 20 Power 100 20.295 Polaris 500
Manufacturer Southwest Polaris Northern Aeronautica Polaris
Windpower America Power Systemy{ Windpower America
Rated Power
(KW) 2.4 20 100 225 500
Approximate 20,000 140,000 450,000 1,300,000 1,800,000
Cost' ($)
Hub height (m) 20 36.6 37 50 50
Rotor
Diameter (m) 3.7 10 21 29 50
Cutin/ Cutout | 5 o, >o 25/25 3.5/ 25 4125 25/25
Speeds (m/s)
Rated Wind 13 10 145 ~15MA 12

Speed (m/s)

Table 1 Summary ofbasicwind turbine specifications for turbines in evaluation set.
More detailed specificatiormmea vai | abl e at

t he . Mpproxirhatect ur er o
costswere mostly providedby ma nuf act ur er s 6 andiacluégespurahasg ar t me n

androughinstallationcosts * This is a rough estimate derived from the published power
curve. Theactualrated wind speed was not given by the manufacturer



Wind Resource Assessment

Data collection

The purpose of ik sectionis to estimate the potentielectricpower generation of a turbimestalledat
Danehy Park.With the help of the City of Cambridge, we installed sevé&®G Energysensors on a
light pole near the athletitack (seestarred location irFigure 1) and collected data over a period of
roughly sevenmonthsfrom mid-November2010 through midJune2011 The sensors installed are
described inmable 2.

Speedl \ Spee® Speed3 Vane 1 Vane 2
Height (m) 19.8 27.4 10.7 18.3
Configuration Angled Offset Single Single Single

Table 2 Sensor heights and configurationSpeed sensors are cup anemometers (NRG
#40C or similar). Vane sensors arstandard wind vanes (NRG #200Psimilar). All
sensors were mounted tme light pole indicated in Figure Heightsgivenare relative

to the ground.

Unfortunately,sensor hardware is not perfect, and there have been malfunctions. hEidsttat from
thewind vane sensomwere faulty,eitherdueto sensor or storage maitfction orpossiblewiring issues
We attempted to remedy the situation with the installation of a second wind vaneiseastyMarch,
butthe data from the second sensor appetréeafaulty as well

The wind vane data is mainly important in ousaerce assessment process for estimating tower
shadow effects in the collected data. Since the anemometers are mounted on a pole, the readings will
be affected when the wind is blowing in the direction in line with the sensor and the pole. We usually
filter out such data, but we were unable to in this case because of the lack of vane data. The end effect
Is a small undeestimation in the potential wind speed at the site (actual mean wind speed should be
slightly higher than estimated). When a turbiseactually installed, it is able to turn itself into the

wind for maximum efficiency, so the wind direction doesn't matter that much for operations. The lack

of wind vane data does not otherwise affai report's analysis of the estimated wind speeds.

Also, the third cup anemometer sensor (at 27.4m
windo signal despite the other speed sensors f
use the wind speed data collected to producedier output estimates presented in this section.

A summary ofwind speedsluringthe collection periods presented ifrigure2. Wind speed increase

with height above the ground, so the wind speeds at the two sensor heights are given seldatately.
that we filtered the data for icing anomalies but were unable to filter for tower shadow effects due to
the faulty wind vane sensor§peed data from the two anemometers at 19.8m were averaged.
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Figure 2: Measured raan wind speeds at the two sensagts during thetestperiod
No wind speed data &7.4mwereavailable in Mayor June due to a faulty anemometer.

Figure 3 shows the wind speed distributions measured at esmfsorheight. Mean and standard
deviation of the wind speeds are givenautdition to the Weibull scale and shape parameters of the
best fit Weibull distribution.
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Figure 3: Histogram of wind speeds measuredha Danehywind pole over theest
period (mid-November to middune) The bestfit Weibull distribution is shownn red.
Mears, standard deviati@ and kestfit Weibull scale and shape parametars given
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The Weibull distribution is a family of probability distributions commonly used within the wind
industry. Similar to the way a normal distribution describes timaheights or weights of people vary

over a population, the Weibull distribution describes how the wind speed at a particular location varies
over time. The higher the probability value at a certain wind speed, the more likely the wind will be at
aroundthat speed.

The best fit Weibull distribution is the member of the distribution family that best fits the observed data
(i.e. the red curve that most closely fits the blue baFSgure 3. Calculating the parameters of best fit
allows one to characiee the wind's behavior with only two numbers, the Weibull scale and shape
parameters, which respectively encapsulate thed'wistrength and variability.These figures are
included here mainly for the benefit of those who are more knowledgeable abouwt vesource
assessment.

Measure-Correlate -Predict ( MCP) Regression

The weather not onlyariesseason to season, but also year to year, so the wind behavior during the
data collection period may not necessarily be representative ddrigeerm wind behawr. Thus,

using data collected during thestperiod alone to estimate theng-termpower generation potential of
thewind resourcenayresult inan inaccurate picture @fhat to expect several yearsarhe future

To correct for this issue, we ustee binned linear regression Meas@errelatePredict methodl] to
estimate the longerm behavior of the wind resource. This is the same technique used by the authors
in previous studies conducted on MIT campgls [We correlated our data collectedZdnehy with

data from the Logan Airport weather station over the years 1997 to 2010. A scatter plot comparing the
wind speeds at Logan airport and the two sensor heights at Danehy is given in Figure 4.

Figure 4: Scatter plot showing the relationstiptween wind speeds at Logan airport and
each ofthe sensor heights at DanetBiue dots represent the 19.8m sensor height, while
green represents the 27.4m sensor heighe correlation coefficienfr) between Logan
and each of the two sensor heights @73 and 0.75 for 19.8m and 27.4m, respectively.



