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0 Executive Summary  

This study analyzes the feasibility of installing a utility scale wind turbine at the Dennis 

Water District’s Greenbelt property, located in East Dennis, MA.  The results of the 

investigation determined that wind energy can provide the Water District with noteworthy 

economic and environmental benefits to their operations.   

Significant findings regarding the project’s feasibility are listed below: 

Site Layout 

·  The 330 acre site is currently an operational municipal drinking water well field, 

undeveloped for any other purpose.  The site has enough space to install up to 

two utility scale wind turbines. 

Wind Resources 

·  Nearby meteorological data were accessed from an installation monitored 

between 2008 and 2009, 1.6 miles southeast of the Greenbelt by a met tower 

installed by Green Thumb Energy.  The data were recorded and analyzed by 

Boreal for that project and horizontally extrapolated for use with the Water 

District’s site. 

·  Using terrain-based modeling and data from a long-term weather station at 

Barnstable Memorial Airport, an average annual wind speed of 6.36 m/s was 

determined at an 80m hub height at the Greenbelt site.  A more conservative 

value of 5.8 m/s at an 80m hub height was used for the financial analysis.   

Environmental Resource Assessment  

·  Prior to installation of a turbine, it is recommended that the Water District 

continue to engage relevant regulatory officers and stakeholders. 

·  Modeling performed by GHD Stearns & Wheler demonstrates that no known 

State listed sensitive habitats exist within the vicinity of the Water District project.  

The Massachusetts Natural Heritage and Endangered Species Program 

(NHESP) and Federal Fish and Wildlife service has confirmed that this is the 

case.   
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·  A preliminary avian study was performed by Richard Podolsky, Ph.D.  Spring 

Season findings are included as Attachment C.  Autumn observations will be 

included as a later appendage to this report. 

Engineering and Interconnection Requirements 

·  A standard spread foundation design most likely will be feasible for the project.  

Further subsurface exploration will be required to finalize the design of the 

foundation.  

·  Electrical interconnection plans were developed for an installation of up to 3 MW. 

·  The final configuration of the wind turbine generator interconnection facilities will 

be determined on the basis of the NSTAR generator interconnection application 

and system impact study process. 

·  Given the separation from the proposed wind turbine towers and the lack of 

particularly sensitive telecommunication nodes in the area, a wind turbine should 

not have an adverse impact on radio, microwave and/or telecommunications 

networks in the area. 

Regulatory/Permitting 

·  The Town of Dennis recently amended its wind energy bylaw, which will allow 

multiple utility scale wind turbines to be constructed at the Greenbelt location.  

·  A turbine installation almost certainly has sufficient buffer at the Greenbelt 

location to satisfy state noise requirements.1 

·  Based on concerns relating to other wind energy projects in the vicinity, it is 

recommended to continue to engage the review and consultation with Old Kings 

Highway Historic District Committee. 

·  All other applicable state and federal permits are expected to be obtainable for 

the project.  

Economic Feasibility Analysis 

                                                
1 Almost certainly because state regulations are based on changes from background ambient 

sound levels, and there has yet to be a study on these levels.  
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·  The Water District currently consumes a total of approximately 1,300,000 kWh / 

year.  Less than 1% of this is consumed on-site at the Greenbelt. 

o Nonetheless, recent state net metering legislation is in place that allows 

excess turbine generation to be credited to other Water District accounts 

even if it is not used simultaneously with production.  Generation also can 

be credited to other entities within the service territory. 

·  We recommend the installation of a 1500 kW class wind turbine (e.g., 1500 kW 

to 2000 kW) in order to offset all of the Water District’s energy consumption, with 

enough additional production to generate additional revenue for the District. 

·  A 1600 kW GE turbine (the GE 1.6 82.5 model2) would conservatively produce 

an estimated 3,418,000 kWh per year (a 24.4% net capacity factor).   

·  The estimated installed cost of a GE 1.6 82.5 model is $4,100,000 

·  It is conservatively estimated that the GE 1.6 82.5 wind turbine will provide net 

benefits of 84% of the DWD’s electric bill in 10 years, over 176% in twenty years, 

with the installation becoming cash flow positive in 5.2 years.   

·  Table 0-1 provides summary results for various turbine configurations that may 

be considered by the Water District.  The results assume that the Water District 

receives funding assistance from the Massachusetts Clean Energy Center. 

Table 0-1 
Financial Results for Various Turbine Installations  Assuming CEC Funding 

Assistance and P90 Wind and Production Conditions 

Turbine Model Years to 
Cash 
Flow 

Positive 3 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 0 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 10 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 20 

NPV-10 Years NPV-20 
Years 

EnergyRRB 600 n/c4 -98% -18% 33% ($1,078,649) ($508,183) 

                                                
2 GE 1.6 82.5 is “1.6” as 1.6 MW or 1600 kW peak nameplate output, and “82.5” for its blade 

diameter in meters.   

3 Cash flow positive on a cumulative project basis.  That is the year when the sum of total funds 

received / saved is greater than the funds disbursed.  

4 n/c = not computable 
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Turbine Model Years to 
Cash 
Flow 

Positive 3 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 0 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 10 

Net 
Benefits 
as % of 
Electric 

Bill: 
Year 20 

NPV-10 Years NPV-20 
Years 

Elecon 600 n/c -105% -15% 40% ($1,026,613) ($245,531) 

Unison U57 19.5 -135% -9% 62% ($1,072,792) $266,524  

Norwin_46-
ASR-750 

n/c -112% -24% 35% ($1,300,314) ($724,043) 

Directwind 900 19.8 -140% -11% 62% ($1,135,305) $200,655  

Sinovel_SL1500 9.5 -173% 48% 136% $183,060  $3,840,902  

GE_1.6-82.5 5.2 -180% 84% 176% $1,071,722  $6,022,039  

2 X GE_1.6-
82.5 

7.5  -371% 127% 316% $1,049,643  $9,708,162  
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1 Site Evaluation  

1.1 Background 

The Dennis Water District is a municipal water supply entity responsible for providing the 

Town of Dennis with its drinking water.  In 2009 it had a pumping capacity of 11,600 

gallons per minute, storage capacity of 10,550,000 gallons, and maximum permitted 

withdrawal from all wells per year of 1.189 billion gallons. 

1.1.1 Site  

The Greenbelt well field property is located in east-central Dennis, along the town’s 

border with Harwich (southeast) and Brewster (northeast).  The property is the 

aggregate of over a dozen parcels of various sizes totaling 330 acres.  Land use of the 

properties is primarily for monitoring and withdrawal wells throughout mixed scrub oak 

forest.  The majority of the property borders Brewster conservation land to the east.  A 

transmission corridor runs through the property from northwest to southeast.  Figure 1-1 

shows a view of the property from its border with Airline Road in the northwest, the point 

at which the transmission corridor enters the Water District’s property. 
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Figure 1-1 
View of Greenbelt from NW  

 

Attachment A shows a view of the entire Greenbelt property and its vicinity. 

1.1.2 Vicinity  

The Greenbelt is located within a relatively lowly-inhabited portion of the mid-Cape.  The 

portion of the Greenbelt to the east of the transmission corridor is uniquely situated 

within more than 500 acres of contiguous forest.  Small low-density housing 

developments are scattered around the properties’ boundaries, yet no residential 

properties exist within 1700’ of potential turbine locations.  

A seasonal RV park (considered a non-conforming use within the residential zoning) 

abuts the Greenbelt to the southwest, located ~1200’ from any turbine location (see 

Figure 1-3).   
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Figure 1-2 
Vicinity of Wind Turbine Project 

 

 

Figure 1-3 
Distance from Nearest Residences 
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1.1.3 Turbine Siting  

Attachment A displays a preliminary configuration for a two-turbine installation such that: 

·  Each turbine rests at 400’ west of the municipal line 

·  Turbines are separated by 900’ 

·  Maintain as much of a buffer from residential (including seasonal housing to 

the west) properties as possible5 

·  Wellhead withdrawal zone buffers will still need to be taken into account 

These criteria were established as reasonable balance between the above criteria.  

Among our specific siting considerations were the following: 

1.1.3.1 Physical 

1. Sufficient real estate for staging, construction, fall zone and buffer. 

The 330 acre well field has significant buffer on all sides to satisfy local zoning 

and industry standards for up to two turbines. 

2. Accessibility – Can equipment be transported to the site? 

Civil engineering will be required to confirm delivery method. Roadway along 

transmission corridor will require significant grading. 

3. Geotechnical 

Standard conditions are anticipated at the site. 

4. Does not interfere with the existing operations. 

Delivery can be scheduled not to interfere with operations.  Specific emphasis 

can be placed on not disturbing area residents, including non-summer delivery 

and installation. 

                                                
5 These criteria satisfy the new Dennis zoning bylaw. 
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1.1.3.2 Operational 

1. Electrical engineering feasibility and interconnection issues (minimize wiring runs 

where possible). 

Interconnection of utility-scale wind turbines is technically feasible.  See Section 

1.4.5 for full analysis. 

2. Sensitive environmental receptors.  

Attachment A demonstrates that no significant wetlands exist in the vicinity of the 

project.  Micro-siting will have to be completed to confirm locations and any 

access roads are outside of wellhead buffers. 

3. Review of wind speed data, electrical usage. 

There is adequate load at the well field and throughout the Water District 

territory, and an excellent wind resource is present. 

4. Modeling run of financial pro-forma with multiple turbine configurations providing 

first estimate of economic feasibility are promising. 

A wind turbine provides substantial economic returns.  It will be up to project 

stakeholders to decide if such returns are sufficient. 

1.1.3.3 Community 

1. Significant buffer from nearest property line to assure Massachusetts noise policy  

Sound monitoring may need to be conducted to determine sound level impact on 

nearby parcels.  No major impacts are anticipated due to sufficient setback. 

2. Aesthetic impacts. 

The wind turbine installation may have a significant impact on the nearby 

viewshed, but the wooded nature of the area does well to minimize this. 

3. Local and Regional Permitting 

It is expected that all aspects of the new Dennis zoning bylaw, will be satisfied by 

the project.  There are concerns about the Old Kings Highway Regional Historic 

Commission (and its adjunct the Dennis Old Kings Highway Committee), which 

denied a wind turbine installation at Cape Cod Community College.  If there are 

concerns by the Commission, the Dennis Water District (DWD) can enter into a 
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consultative process to determine the feasibility of avoiding, minimize and/or 

mitigate the adverse effects if possible. 

4. Stakeholders 

General Town support is anticipated. 

5. Aeronautical Impact 

The project location is 7.3 miles northwest of the Chatham Municipal Airport and 

7.5 miles northeast of the Barnstable Municipal Airport, a nearly-ideal spacing 

from Cape Cod airports.  Additionally, as shown in Figure 1-14 below, just 

outside of area radar systems.  In the figure, red denotes high likelihood to 

impact air defense and homeland security radars.  Yellow areas denote a 

moderate likelihood of impact.  With District/Town approval, formal FAA approval 

for turbine locations will be sought. 

1.1.4 Photo Simulation  

Through the use of sophisticated simulation software Saratoga Associates generated a 

series of images depicting the anticipated appearance of the largest wind turbine 

installation being considered by this study – two 1.5 MW turbines.  Base photographs 

and accompanying site data were supplied to Saratoga Associates by Boreal as 

recommended by the Dennis Water District representatives.  Potential visibility is 

dependent on final location and actual size of the proposed turbine.  The two machines 

shown are 1.5 MW models with 77m blade diameter on 80m towers. 

Full simulations are available as Attachment B.  

1.2 Wind Resource Assessment 

1.2.1 Data Acquisition  

Ideally, in confirming the strength of on-site resources, wind speeds are measured for a 

period of months at a location as close as possible to the proposed turbine site.  

Traditionally, wind speeds are recorded by erecting a meteorological (met) mast of great 

enough height to access wind uncompromised by trees, buildings, or other structures.  

An on-site study was not available to the Dennis Water District for this report.  Instead, 

data from a nearby site were acquired by Boreal. 
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The closest meteorological data that could be acquired are from a site 1.6 miles 

southeast of the well field6.  On September 5th, 2008, Boreal erected a 50m (165’) met 

mast at a private site along Route 6 in Harwich.  Data were recorded, managed, and 

analyzed by Boreal through December of 2009.7.  Figure 1-4 displays the location of the 

met tower in reference to the well field. 

Figure 1-4 
Aerial View of Turbine and Met Tower Locations 

 

The 50m Nexgen meteorological mast was equipped with four calibrated Second Wind 

(SWI) anemometers at three different heights (two at 50m, 40m, 30m) and two SWI wind 

vanes (50m, 40m).   

1.2.2 Site Comparison  

As data for this project are being provided from a different site, it is important to take into 

consideration the differences in site conditions in order to horizontally extrapolate wind 

                                                
6 Since this report was commissioned, a 1 mile distance from met tower site to turbine location 

has become industry standard.  Due to the flat terrain and similar sites, however, 1.6 miles is 

considered to be within appropriate proximity. 

7 The Green Thumb data include gaps from 4/27/09 to 5/23/09 and 8/26/09 to 10/23/09.  Outside 

of these gaps caused by human error, all data are of high quality. 
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speed and direction information.  In general, the land use surrounding the two sites is 

very similar.  A general sense of the area’s topography is depicted in Figure 1-5 below. 

 

 

Figure 1-5 
Topographic Map of Project Area from WindFarm Softw are 

 

Table 1-1 below lists a set of attributes for the two locations. 

Table 1-1 
Comparison of Water District Site to Met Tower Site  

Attribute Water District Turbine 
Site 

Green Thumb Met Tower 
Site 

Elevation (m) 18 9 

Immediate site surroundings Wooded Cranberry bog, wooded, 
Route 6 abuts to the south 
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Attribute Water District Turbine 
Site 

Green Thumb Met Tower 
Site 

Land use to southwest (prevailing 
wind direction 

Residential ½ mile 
away 

Residential, and industrial 
each within a mile 

 

Data from the nearby met tower are highly appropriate for use in this project.  A detailed 

description of the modeling that was used to horizontally extrapolate met tower data to 

the turbine locations is given in Section 1.2.7. 

1.2.3 Wind Resource Hardware and Software  

Performing a full Wind Resource Assessment requires the use of highly specific wind 

monitoring hardware and software.  Multiple computing and modeling software programs 

that are specifically designed for use with wind energy projects have been used for this 

project.  In addition, a high level of quality control is applied via visual inspection of every 

10 minute data interval recorded.  For this project, the life cycle from data collection to 

full Wind Resource Assessment follows the trajectory detailed below: 

·  Wind speed and direction data are sampled at 3 second intervals by calibrated 

SWI instruments and relayed by cabling. 

·  Data from instruments are logged to a 32MB data card at tower base level.  Data 

are averaged to 10 minute intervals and then batched into daily .NDF files. 

·  .NDF files are shipped via US Mail to Boreal and incorporated into a database 

within SWI Nomad2Desktop software. 

·  10 minute tabular data are exported from Nomad2Desktop and viewed by Boreal 

Analysts in Microsoft Excel.  In Excel, data are examined, cleaned, and batched 

to hourly intervals.   

·  Excel data are read by Windographer wind data analysis software.  

Windographer allows the performance and visualization of various wind data 

analyses computations.  General computations made in Windographer (average 

wind speed, wind shear, etc.) are cross-checked in Excel.  While Windographer 

offers a suite of methods for displaying logged data does not allow for 

comparison to long-term weather stations (such as airports) or horizontal 

extrapolation across terrain.  Figure 1-6 through Figure 1-10 shown below are 

taken from various Windographer modules.  Through averaging tools and 
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calculations within Windographer, a generic year of 8760 one-hour data is used 

as input towards horizontal translation to the Greenbelt site.  Wind shear is 

calculated in Windographer as detailed in Appendix C. 

·  For horizontal translation of wind resource data, this project uses WindFarm wind 

energy modeling software.  More on this process is available in Section 1.2.7. 

The redundancy of dealing with data in multiple software platforms allows for each 

calculation to be double-checked and produces a more trustworthy outcome. 

1.2.4 Wind Direction Recordings  

With prevailing southwesterly winds in the New England region, it was expected, going 

into this study, that Dennis wind resources would be coming from somewhere in the 

western hemicircle.  This being said, Cape Cod wind regimes are known to be slightly 

different from the majority of the state.  Figure 1-6 depicts the percentage of time wind 

was blowing from each 30° interval of the compass for  the months sampled at the 

Harwich met tower site.  As shown, data from the met site confirm expectations - winds 

centered around the southwest with a relatively broad distribution amongst the other 

directions. 
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Figure 1-6 Wind Direction 

 

Figure 1-7 Power Density 

 

 

While Figure 1-6 displays only the time share of wind for each direction interval, Figure 

1-7 combines wind direction and wind speed to show what is known as directional 

“power density”.  In our database, each 10 minute interval within the sampled period has 

an associated wind speed and direction.  Each of these intervals can be sorted by 

direction much like in Figure 1-6.  As power density is a direct function of wind speed8, 

each 10 minute period has an associated average density.  These can therefore be 

summed within a particular interval to display that interval’s power density.  Specifically, 

for a degree interval [ ]BA, , its percentage of the overall power density is 

�
�

360

0 h

B

A h

P

P
 

Where hP  is the power density averaged over an hour time interval. 

Figure 1-7 demonstrates an increased polarity of wind resources in the southwestern 

direction when incorporating wind speeds into the calculation.  

                                                
8 Power density is defined as Power/Swept Area and is equal to 321 Vr  where r  is air density 

and V  is velocity.   
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1.2.5 Wind Speed Recordings  

As with typical locations in the northeastern United States, Cape Cod wind speeds vary 

seasonally, reaching their peak during the winter months.  Figure 1-8 demonstrates the 

seasonality of the wind speeds recorded by the Green Thumb met tower.  Primarily a 

function of wind speed, turbine output will correspond to this monthly pattern.   

Figure 1-8 
Green Thumb Met Tower Average Monthly Wind Speeds  

 

1.2.5.1 Distribution 

A distribution of wind speeds logged at the Harwich site is shown in Figure 1-9.   
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Figure 1-9 
Probability Density Function of 10 Minute Wind Spee d Averages 9 

 

Average wind speeds of 5.19 m/s and 4.61 m/s at 50m and 40m elevations were logged 

by the met tower over the entirety of the recorded period.  These need to be adjusted for 

seasonal and inter-annual fluctuations in the wind.  These dynamics are accounted for in 

the following sections.  

Wind speeds inherently vary throughout the course of the day.  Recorded average wind 

speeds for each of the 24 hours of the day are displayed in Figure 1-10 below.10 

 

                                                
9 While probability of exceedance statistics can be generated from these data, their uncertainty 

due to site separation prevents such figures from having accurate statistical value, and reporting 

of which would be misleading.  Therefore, they remain unused for this study. 

10 It is important to note that the data up until this point in Sections 1.2.4 and 1.2.5 are based on 

data recorded during the period sampled by the met tower.  Therefore, some months of data are 

missing whereas some are doubled up.  Starting in Section 1.2.5.2, data are adjusted to account 

for missing periods and long-term trends in order to forecast  
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Figure 1-10 
Diurnal Wind Speed Variation 

 

1.2.5.2 Correlation 

In order to predict the long-term wind resources available at the Greenbelt site, Harwich 

wind speeds recorded over the observed period were adjusted using the Barnstable 

Municipal Airport (HYA) as a data source.  The Harwich data were first tested for 

statistical correlation with HYA wind speeds over the course of the recorded period.  

These results are displayed in Table 1-2.   

Table 1-2  
Hourly Correlation 11 between Harwich and HYA Wind Speeds:  

September 2008 to December 2009 

 Harwich 50m 
W 

Harwich 50m 
E 

Harwich 40m 
W 

Harwich 30m 
W 

HYA 

Harwich 50m 
W 100.0%     

Harwich 50m 
E 99.7% 100.0%    

Harwich 40m 
W 99.2% 99.1% 100.0%   

Harwich 30m 97.5% 97.6% 99.0% 100.0%  

                                                
11 Percentages represent Pearson R Coefficients for the two samples. 
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 Harwich 50m 
W 

Harwich 50m 
E 

Harwich 40m 
W 

Harwich 30m 
W 

HYA 

W 

HYA 82.1% 82.2% 84.4% 86.8% 100.0% 

 

These values represent a good correlation between the long-term data source and the 

Harwich met tower.  This similarity can be seen graphically in Figure 1-11 below. 

Figure 1-11 
Scatter Plot of HYA Airport versus 30m Harwich Met Tower Wind Speeds 

 

1.2.5.3 Resource Estimation 

To be useful, Green Thumb met tower data must be adjusted to take into account two 

major factors:  

1. Long term weather patterns - the amount of wind varies significantly on monthly 

and yearly bases.   
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2. To the hub height of the potential turbine installation - turbines that best suit the 

Water District’s needs are on towers that are 50 meters or taller. 

Keeping the above in mind, the following steps were taken to estimate wind resources 

for a typical year. 

·  Find the long-term weather station that is best correlated with the facility’s data.  

Barnstable Municipal Airport (HYA) will be used for this purpose. 

·  Using 2006 HYA hourly data as the basis, compute the wind speeds at the well field 

for a prototypical year: 

o Take the ratio of Green Thumb meteorological tower wind speeds at 50 

meters for the applicable period between September 5, 2008 and December 

25, 2009 to speeds at HYA.  This ratio is 132.5%.  Using this factor, scale the 

HYA wind speeds for all of 2009 to estimate well field wind speed at 50 

meters for that year.   

·  Scale the above results for 2009 to match the long-term average annual wind speed 

(a 4.5% increase) 

o This results in estimated annual average winds speeds of 5.49 m/s at 50 

meters 

In Table 1-3 we calculate the long-term annual average wind speed at 50 meters 

through the steps outlined above.   

 

Table 1-3  
Computation of Average Annual Wind Speed at DWD Wel l Field (m/s) 
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1.2.6 Wind Resource Uncertainty  

A number of factors contribute to the uncertainty of wind resource data.  Using standard 

statistical principles, a general level of resource uncertainty can be obtained.  A recent 

paper by the UMass Wind Energy Center14 mentions a total of 14 sources of uncertainty 

                                                
12 HYA long-term average wind speed is based off 12 years of continuous data sampling at the 

airport between January 1, 1998 and December 31, 2009.  Each year had a data recovery 

percentage of at least 98.6% and the entire period tallied a 99.2% data recovery percentage. 

13 Average annual wind speeds at 40m and 30m are estimated to be 4.79 and 4.26 m/s 

respectively.   

14 Lackner et.al.  Uncertainty Analysis in MCP-Based Wind Resource Assessment and Energy 

Production Estimation.  Journal of Solar Energy Engineering.  August 2008. 



Page 26 of 100 
 

Dennis Water District Wind Turbine Feasibility Study 
September 2010 

 

when using the Measure-Correlate-Predict (MCP) resource assessment methodology.  

Broken into four categories, the sources are as follows: 

1. Wind Speed Measurement Uncertainty 

a. Anemometer calibration uncertainty 

b. Anemometer dynamic overspeeding uncertainty 

c. Anemometer vertical flow effects 

d. Anemometer vertical turbulence effects 

e. Tower effects 

f. Boom and mounting effects 

g. Data processing accuracy 

2. Long-Term Resource Estimation Uncertainty 

a. MCP correlation uncertainty 

b. Weibull Parameter estimation uncertainty 

c. Changes in the long-term average 

3. Wind Resource Variability Uncertainty 

a. Reference site inter-annual variability 

b. Inter-annual variability over a turbine lifetime 

4. Site Assessment Uncertainty 

a. Topographic model uncertainty 

b. Wind shear model uncertainty 

For a project of this scope, it is impossible for all of these uncertainty levels to be 

estimated empirically.  Evaluating uncertainty, however, remains an important aspect of 

a wind energy project.15 

                                                
15 The contributors to this report understand the uncertainties associated with wind resource 

assessment and have adopted the approach shown in Table 1-4 as a conservative methodology.  

Given the difficulties of data acquisition (cost of met tower installation, etc.) as input towards 

WindFarm modeling, and the presence of met data gaps, the approach taken is only deemed 
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Below, Table 1-4 shows the methodology employed for calculating uncertainty for 

average annual wind speed. 

Table 1-4  
Computation of Average Annual Wind Speed Uncertaint y at DWD (m/s) 
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Annual wind speed averages generally follow a normal bell curve.  Statistically, this 

means that our “long-term average wind speed” (row 8 in Table 1-4) is equal to the most 
                                                                                                                                            
permissible by Boreal because of the overwhelming similarity of the two sites best detailed 

previously in this section by Table 1-1.  The Dennis Water District is primarily interested in 

assuring that, under worst-case wind conditions, a turbine installation generates enough revenue 

to offset their electrical bill for an average year.  We believe this worst-case scenario is accurately 

assessed by the values shown in Table 1-4. 
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likely wind speed, that at the top (and middle) of the bell curve, or what is known as P50.  

P50 wind speed designates that it is equally likely that an annual wind speed average 

will be less than this value (in our case, 5.49 m/s at 50m height) as it is to be more than 

this value.   

For the sake of planning, and given the uncertainties of annual wind speed variation, it is 

often helpful to find an estimated wind speed value such that an annual average is highly 

likely to exceed.  The P90 wind speed generally operates this way.  A P90 wind speed is 

statistically generated (as done in Table 1-4) such that in any given year, the average 

wind speed is likely to exceed this value for 90% of the years.  Thus, based on our 

calculation, wind at the Greenbelt site is estimated to be 90% likely to exceed a 5.01 m/s 

average at a 50m height. 

Our methodology assumes that annual wind speed averages follow a normal distribution 

and therefore the derived long-term values represent P50 values for each height.  

Linearly employing the 91.2% ratio, we are able to determine P90 wind speed values as 

shown below in Table 1-5. 

Table 1-5 
Probability of Exceedance Values for  
Annual Average Wind Speeds (m/s) 
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1.2.7 WindFarm Modeling  

The wind resource calculations above were used as input for calculation runs using 

WindFarm specialized wind energy modeling software.  WindFarm uses site information 

and geospatial data to produce wind energy outputs (wind speed and turbine production 

values) based on MS-Micro calculations.  Wind speed data adjusted for long-term 

weather patterns were created (per the above) for use in this modeling.   
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1.2.7.1 Terrain Height and Roughness 

For this project, height data compatible with WindFarm were not publicly available.16  

This does not present a major issue because of the proximity of the met tower site to the 

Greenbelt.  For the model developed in WindFarm, a generalized set of height contours 

was synthesized based on major topographical features.  On top of this, roughness 

contours have been added based on specifications listed in Appendix C. 

1.2.7.2 Wind Speed Dynamics 

Based on data input into WindFarm, wind flow modeling across the given terrain 

between the two locations determines the following annual wind speed averages are 

present: 

Table 1-6 
WindFarm-Calculated Wind Dynamics 

"
����� �
#����
�����

�
��� �

����
		�
�$�	� �

����
		�
���
� �

#� , )$ � 7 #"$ � ! !7# �
! � , )7 � 7 #$7� ! !�3 �

?�� � , ), � 7 #�" � ! !,! �
 

As was anticipated at the beginning of the study, there is not significant variation in wind 

dynamics between the met location and the turbine locations. 

1.3 Energy Infrastructure, Consumption and Generati on 

Dennis Water District’s facilities currently receive electricity through competitive supply 

by Direct Energy and through NSTAR’s distribution system.  The District as a whole 

consumes an estimated 1,235,000 kWh per year across all its facilities.  A very small 

portion of this total is associated with activities at the well field.  Annual usage has 

                                                
16 The United States Geological Survey (USGS) is in the process of transitioning out of the use of 

Digital Elevation Model (DEM) digitized height data in favor of the more accurate National 

Elevation Dataset (NED).  WindFarm software is in the process of updating itself to accept NED 

data, but does not currently accept the format.  DEM data are available for most of the United 

States, but according to the USGS, data are unavailable for areas of Cape Cod east of Hyannis. 
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remained consistent over the past four years and is expected to continue to do so into 

the future. 

Given the large size of the Greenbelt and the probable use of net-metering for 

distribution of energy credits, the Water District project has a wide variety of options for 

turbine machinery selection.  Based on Water District criteria, and installation of 

anywhere between a single 600kW machine and two 1.5 MW17 machines.  Table 1-7 

below displays some basic attributes of the set of turbines being considered. 

Table 1-7 
Turbine Attributes 
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1.3.1 From Wind to Electricity  

The distributed generation sub-industry rests in a unique position when it comes to 

turbine procurement.  While many turbine manufacturers are hesitant to supply 

                                                
17 A suite of machines exist in the 1.5MW – 1.8MW range.  Those displayed represent the most 

highly suggested of the turbines in this range based on availability, cost,  

18 Unison and Sinovel have been courting the market in the northeast recently but do not yet have 

a machine installed in the region.  This has obvious ramifications for O&M staff availability. 

19 Due to stringent setback requirements, GE has not generally sold machines to distributed 

generation projects in Massachusetts.  It is believed that the setback available to the Dennis 

project would be sufficient for turbine siting.  The 1.6MW model is being promoted by GE for sites 

with Class III wind resources like those present at the Greenbelt.  More GE machines have been 

installed worldwide than from any other manufacturer. 



Page 31 of 100 
 

Dennis Water District Wind Turbine Feasibility Study 
September 2010 

 

machinery to projects as small as one or two turbines, a worldwide network of 

companies are actively pursuing the market for one reason or another.   

The amount of electricity produced by a specific wind turbine is primarily a function of the 

wind speed at the hub of the turbine.  A key variable of this function is the height of the 

turbine tower, as wind speeds are almost invariably greater at higher elevations.   

Figure 1-12 below shows some examples of turbine power curves for energy generation 

per unit wind speed. 

Figure 1-12 
Example Power Curves 

 

Based on the expected20 wind resources on-site and the manufacturer-specified power 

curves shown above, estimated generation values for example turbines are shown 

below. 

The net capacity factors listed in Table 1-8 is the estimated electricity produced as a 

percentage of the turbine at full capacity over a static period of time – a standard 

                                                
20 P50 
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measurement of how effective a turbine installation is.  Capacity factors between 20% 

and 30% are considered good for Massachusetts.   

Table 1-8 
Comparison of Estimated Annual Energy Production fo r Various Turbines 
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1.3.1.1 An Aside on Mass Maritime 

The utility scale wind turbine with the longest operating history in Massachusetts is the 

Mass. Maritime Academy (MMA) Vestas V47 660 kW wind turbine installed in June 

2006.  Over its lifetime the MMA has achieved a 16.8% capacity factor23.  So an obvious 

question is whether the modeled higher capacity factors above make sense compared to 

the MMA’s relatively low real-life capacity factor.  We believe they do for the following 

reasons.   

                                                
21 These values do not include line or availability losses.  They represent raw output from 

WindFarm.  Such losses are discussed in Chapter 2.  The P90 values in this table do include 

such losses. 

22 P90  production offers a worst-case scenario for generation.  The P90 production   is based on 

P90 wind speeds (shown in Table 1-5) as well as 5% production uncertainty (includes power 

curve variation, down time unknowns, major repairs, etc.).  This methodology assumes no 

covariance between wind speed uncertainty and production uncertainty, thus creating a true 

worst-case scenario.  The 5% production uncertainty is applied equally across all turbine models. 

23 http://www.maritime.edu/static/windturbine.cfm  
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1. The CWEST modeled average wind speeds at MMA location (taking into account 

the many nearby buildings) is 6.2 m/s @70 meters as compared to 6.6 m/s @70 

meters for the DWD Greenbelt site.  This will decrease the capacity factor by a 

few percentage points, and does even take into account the higher turbulence of 

the site caused by the nearby campus buildings. 

2. The power curve for the Vestas V47 is optimized for sites with higher wind 

speeds as compared to other wind turbines.  This is most easily seen in the 

graphic below which displays percent production at wind speeds as compared to 

peak rated production (see Figure 1-13) for three wind turbines; the Vestas V47 

has a consistently lower production as compared to its peak production than the 

Elecon 600 and GE 1.6 82.5, in the wind speed range of 5 to 10 m/s (the most 

predominant wind speeds at the site for turbine production). 

3. Though probably not a major reason, the MMA turbine has been handicapped by 

scheduled shut-downs for bird studies and competitive sports activities on the 

nearby field. 
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Figure 1-13 
Compare Output as Percent of Peak Output at Various  Wind Speeds 
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1.3.1.2 Reduced Regional Air Pollution from Wind Turbine 

An analysis of the air pollution benefits from a proposed wind turbine at Greenbelt site 

was performed based on the New England Power Pool’s (NEPOOL’s) aggregated air 

emissions from their fleet of power plants for the air pollutants sulfur dioxide (SO2), 

nitrogen oxides (NOx) and carbon dioxide (CO2) for the calendar year 2008 (the latest 

NEPOOL report available).  NEPOOL provides average emission rates for these 

pollutants that correspond to the representative emissions from the last 500 MW of 

power added to the grid, known as the marginal unit.  This last power dispatched is 

typically from the least economic and most polluting units.  Since the wind turbine uses 

air to generate electrons versus the predominately fossil-fuel based generation capacity 

of NEPOOL’s system, each electron generated by a renewable energy system can be 

viewed as displacing from the grid an electron that would otherwise be created by the 

existing system’s fossil fueled marginal power plant. 
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A GE 1.6 82.5 MW wind turbine is conservatively estimated to generate an output of 

approximately 3,400 MWh.  The operation of this turbine would provide an anticipated 

benefit to regional air emissions by eliminating 1,647 tons of CO2.   

Table 1-9 
Emission Reduction with GE 1.6 82.5 MW - Based on A verage Marginal Emission 

Rate24 

Metric CO2 SO2 NOX 

lbs/ MWh 964 0.33 0.21 

Tons / MWh 0.482 0.000165 0.000105 

Tons / Year 1,647 0.56 0.36 

 

1.4 Engineering and Interconnection 

1.4.1 Staging / Erection/Construction   

The Dennis Water District has sufficient area for laydown and construction of a turbine of 

the size being considered by this study.  Land will need to be cleared for road 

construction and staging areas.  For a 1.5 MW to 2.0 MW wind turbine 3 to 4 acres will 

need to be cleared for laydown and erection.  In addition, access road will need to be 

built with a minimum of 16’ wide and 2’ shoulders.   

Construction activities can be scheduled so that the foundation and wiring runs will be 

built prior to the turbine’s arrival.  The construction of the foundation and wiring runs is 

estimated to take approximately two weeks with three to four weeks for foundation 

curing.  Turbine and tower installation, including crane set-up and break down, is 

expected to take approximately three weeks depending on weather (windy conditions 

can extend construction schedules).  Construction can be arranged as to not interfere 

with Water District operations. 

The binding constraints on installation are turbine availability and permit approval 

schedules.  It is likely that construction can be completed within 18-24 months after 

project is given approval to proceed.  

                                                
24 Source: 2008 New England Marginal Emission Rate Analysis.  http://www.iso-

ne.com/genrtion_resrcs/reports/emission/2008_emissions_report.pdf  
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1.4.2 Telecommunications  

Most radio, microwave and TV signals are unaffected by the operation of wind turbines.  

However, in some instances, AM radio and over-the-air TV digital signals can be 

impacted.  Microwave signals also can be blocked by a wind turbine if it is in a direct line 

between a transmitter and receiver.   

A review of all communication devices within a three mile radius of the turbine site was 

conducted via the Federal Communications Commission (FCC) web database.  Two 

locations registered with the FCC exist within this airspace.  The closest of these is a 

series of communications towers on Theophilus Smith Road off Route 134.  This 

location is 1.3 miles south of the southern turbine site.  The next nearest is 1.9 miles to 

the Northwest of the site. 

Given the separation from these towers and the lack of particularly sensitive 

telecommunication nodes in the area, a wind turbine should not have an adverse impact 

on communications networks in the area. 

1.4.3 Transportation  

It is expected that a wind turbine and tower can be transported to the Greenbelt site via 

Route 6 and local roads.  Three ~1.5 MW turbines have been successfully transported to 

the Cape, so transport to site entrance is not a significant concern.  Significant on-site 

roadway upgrades will be needed in order to deliver turbines to specified locations, 

including grade leveling and in some cases perhaps straightening the road under the 

transmission lines to avoid sharp turning radii. 

1.4.4 Aviation  

The project location is 7.3 miles northwest of the Chatham Municipal Airport and 7.5 

miles northeast of the Barnstable Municipal Airport, a nearly-ideal spacing from Cape 

Airports.  Additionally, as shown in Figure 1-14 below, just outside of area radar 

systems.  In the figure, red denotes high likelihood to impact air defense and homeland 

security radars.  Yellow areas denote a moderate likelihood of impact.  With 

District/Town approval, formal FAA approval for turbine locations will be sought. 
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Figure 1-14 
Dept of Defense Radar Screening Tool Results 

 

1.4.5 Electrical Engineering and Interconnection Re quirements  

1.4.5.1 Existing Electrical Infrastructure 

The existing well pumps owned and operated by the Dennis Water District (DWD) in the 

vicinity of the proposed sites are located along the Dennis / Brewster town line, and 

located east of Airline Road and north of Old Chatham Road.  See Attachment A 

proposed site plans prepared by GHD Stearns & Wheeler for additional information on 

the location.  The turbine sites are located east of an existing transmission right-of-way 

(ROW), owned by NSTAR Electric.  This ROW contains two 115kV transmission lines 

and a single 23kV, three-phase distribution circuit (see Figure 1-1).  The 23kV NSTAR 

circuit taps off the pole line located along Airline Road, north of the proposed sites.   

The overhead pole line is of typical utility construction on 45 and 50 foot poles, with 

three-phase overhead wires constructed on cross arms, and utilizing bare aluminum 

conductors.  The overhead line appears to have primary wires of a minimum wire size of 

477kcmil aluminum conductor.  The capacity of this utility feeder is at least 13 MW for a 
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normal rating, based on the visible wire size and construction.  This existing 23kV feeder 

serves the existing well locations. 

At each well, there is a tap off the primary 23kV circuit, to a series of poles built under 

the adjacent 115kV transmission line, to allow the feeder tap to exit the ROW on the east 

side.  The closest well location is Well#10 and the tap poles are approximately 40 years 

old and would need to be upgraded should this be a point of interconnection for a new 

wind turbine, and it is not close enough to the proposed sites to be a reasonable point of 

connection. 

There is presently no existing electrical load in the immediate vicinity of the proposed 

wind turbine sites, so the interconnection will be directly to the NSTAR distribution 

system, as opposed to “behind the meter” of an existing facility, etc.  The direct 

connection to the NSTAR distribution system will be eligible for net metering under the 

current NSTAR net-metering tariff. 

1.4.5.2 Electrical Interconnection Plan 

Several options have been examined for the proposed interconnection of wind turbines 

in the locations shown on the attached figures.  We have considered the following three 

(3) options: 

1. Option#1 - Single 600kW Turbine 

2. Option #2 - Single 1500kW Turbine 

3. Option #3 - Two 1500kW Turbines 

The first option appears the best match for the criteria of load matching, as the 

approximate annual output of a 600 kW turbine will be near the annual kWh energy 

usage of the DWD and its 35 metered electrical accounts.  With any of the options the 

following recommendation for interconnection is similar.  A tap would be made off of the 

existing three-phase 23kV circuit in the existing transmission right-of-way, similar to how 

the taps are made now for the well locations.  At least 2 new utility poles will be required 

to be under-built, underneath the transmission line, to get the primary tap to the edge of 

the transmission ROW. 

At the edge of the transmission ROW at least three utility poles likely will be required; 

one containing primary fusing to protect the primary metering, which would be installed 

on the next pole.  This metering pole would serve as the Point of Common Coupling 
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(PCC) or the ownership demarcation between NSTAR and the customer.  The final pole 

would be a riser pole, with a group-operated disconnect switch.  This last pole serves as 

the transition from overhead to underground and also as a point where NSTAR or other 

crews could lock open the wind turbine primary circuit for inspection, repairs, 

maintenance, etc.  This is a requirement of NSTAR per their interconnection tariff. 

From the riser pole to the turbine site, the proposed interconnection would include the 

installation of a primary underground conduit system.  That conduit would be 

approximately 1,000 feet (depending on final location) and would contain 25kV primary 

underground cable.  For planning purposes the primary conduit would be a minimum of 

2-5” concrete-encased conduits, with a single set of 25kV primary cables.  The minimum 

wire size would be #2 Awg aluminum, which would provide approximately 100 amps of 

cable capacity at 23kV and the minimum voltage drop for a project of this size and type.  

Conduits and handholes will be needed every 500 feet to minimize cable pulling 

tensions. 

Generally, additional conduits will be required for communications.  There are presently 

no telephone lines on the existing electric utility poles in the ROW; and therefore, it 

would be recommended to investigate other wireless forms of communication for the 

turbine, given the remoteness of the site.  Wind turbines require real-time Ethernet 

connectivity for monitoring, so a DSL or cable internet feed would normally be needed, 

but satellite-based internet service may be viable.  In addition, the metering, which would 

be located at the turbine location, will need to have a telephone line connection for 

remote reading by the local utility, NSTAR or a third-party verifier.  Cellular modems or 

non-licensed 900MHz communications also may be an option. 

At the wind turbine location, a padmount transformer will need to be installed to step-

down the primary 23kV utility voltage to the connection voltage of the wind turbine, 

typically in the 575-690V range.  The padmount transformer would be rated 750kVA for 

a 600kW turbine and 2000kVA for a 1.5MW turbine.  From the secondary side of the 

transformer, low-voltage power cables would be installed in a conduit ductbank to the 

turbine main circuit breaker.  A 600kW wind turbine would utilize a 600A circuit breaker 

and require a minimum of 2 sets of 350mcm, 3-wire, 3-phase cables.  A 1500kW wind 

turbine would utilize a 2000A main circuit breaker and require a minimum of 5 sets of 

600kcmil, 3-wire, 3-phase cables. 
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Attached please find a proposed electrical one-line diagram, Drawing Attachment D, 

detailing the most complicated interconnection, which is Option #3, the interconnection 

of two 1.5MW class wind turbines.  For Option #3, a separate interconnection point for 

each of the two turbines is recommended as the distance between the turbines will be 

such that a direct connection to the adjacent right-of-way, along the proposed access 

roads will be the most practical and cost effective interconnections. 

The local utility, NSTAR Electric will require additional protective features to ensure that 

the wind turbine is isolated from the utility grid should there be a local power outage.  

Present utility requirements include protection for under/over voltage and under/over 

frequency at the turbine.  A single utility grade relay can be connected at the wind 

turbine main circuit breaker.  NSTAR Electric also now requires protection of the primary 

side of the step-up transformer to isolate for ground faults on the utility primary line.  The 

utility does not want the wind turbine supplying power into the grid if there is a ground 

fault, which can contribute to system damage.  A padmount switch will be required to be 

installed next to the padmount transformer, containing relaying to detect and isolate 

ground faults and islanding conditions.  This switch also will act as the utility lockable 

disconnect location, which also is a requirement of the local utility. 

The proposed interconnection is similar to other 600-1500kW wind turbines installed in 

Massachusetts that have passed the requirements of the local utility companies.  There 

are no fatal flaws in this evaluation of the proposed electrical interconnection sites.  The 

closest utility distribution line appears to have the capacity to interconnect the project.  

Two points to consider for detailed design would be the means of communications for 

turbine SCADA and metering (discussed above), along with the site access.  The 

existing ROW will need to be modified to allow the construction vehicles and turbine 

components to be brought to the site, which may have an impact on the existing 

clearances above- grade of the existing 23kV and 115kV lines in the ROW.  Existing 

poles cannot be under-mined while installing or re-grading an access road to the site. 

1.4.5.3 Electrical Interconnection Details 

1.4.5.3.1 Utility Interconnection Requirements 

The local utility (NSTAR) has specific standards and requirements for the 

interconnection of distributed generation such as the proposed wind turbine generator 

project.  The interconnection requirements address electrical system protection, revenue 
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metering, operation, and the configuration of the interconnection equipment.  The local 

utility will review the proposed design of the electrical interconnection facilities and will 

perform analyses to determine the impact of the proposed generation on their electrical 

distribution system (a/k/a system impact study). 

Based on the results of NSTAR’s analysis, certain modifications may be needed within 

the NSTAR distribution system and/or to the interconnection facilities. 

1.4.5.3.2 Short Circuit Protection 

Short circuit protection will be provided by the main turbine 690V circuit breaker and the 

disconnect switch to be installed near the wind turbine transformer.  Interrupting ratings 

will be determined during the detailed design process.  A set of surge arrestors should 

be installed on the output power terminals of the turbine to help protect against lightning 

strikes. 

1.4.5.3.3 Electrical Interconnection Equipment Details 

The technical details of the major power system components associated with the 

electrical interconnection of the wind turbine generator are described in this section. 

1. Overcurrent Protection 

The generator is provided with a three-phase thermal magnetic circuit breaker, rated 

600A at 690V for a 600kW turbine and 2000A at 690V for a 1500kW turbine for 

overcurrent protection at the turbine base.   

2. Protective Relay 

The generator will be provided with a multi-function utility-grade distributed generator 

protective relays, located in the turbine base.  This relay will be a SEL-547 (or equal) 

provided with the following minimum features: 

Overfrequency (81O) 

Underfrequency (81U) 

Undervoltage (27) 

Overvoltage (59) 

Voltage Imbalance (60) 

The protective features of the wind turbine shall be able to detect over/under frequency 

and over/under voltage and overcurrent (via the turbine main fused disconnect).  Upon 
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sensing conditions that exceed allowable operating limits, the protective features shall 

disconnect the wind turbine generator from the rest of the distribution system. 

The protective features of the wind turbine shall be able to detect over/under frequency 

and over/under voltage and overcurrent (via the turbine main fused disconnect).  Upon 

sensing conditions that exceed allowable operating limits, the protective features shall 

disconnect the wind turbine generator from the rest of the distribution system. 

The interconnection option also include the installation of a new pad mounted disconnect 

switch near the existing equipment, to provide protection for the underground primary 

cable, via a vacuum interrupter installed in the switch.  The padmount switch would be 

equipped with a utility-grade distribution relay (SEL-351 or equal) to provide overcurrent 

and ground fault protection of the utility 23kV feeder.   

The 22.8 kV padmount switch shall be equipped with a utility-grade protective relay 

(SEL-351 or equal) that provides overcurrent (51), ground over-voltage 3V0 (59I), under-

voltage (27), overvoltage (59), under-frequency (81U) and over-frequency (81O) 

protection. For the wind turbines, underground primary cable, padmount transformers, 

etc. 

3. Generator Step-up / Isolation Transformer 

The generator step-up transformer is described by specifying the transformer voltage 

rating (primary and secondary), power rating (kilovolt-amperes or kVA), winding 

configuration (primary and secondary), and construction type.  All transformers shall be 

three phase, padmount type oil-filled, self-cooled transformers.  

The secondary voltage rating of the transformer will be consistent with the turbine 

interconnection voltage (690V).  The primary voltage will be consistent with the available 

utility voltage (23kV) 

It is recommended that the transformer allow for flexibility for local voltage deviations 

that may exist on the utility distribution system by the transformer primary winding being 

equipped with five (5) fixed taps to change the primary voltage rating +/- 5% from 

nominal voltage in 2-½ % increments.   

The three phase power rating of the generator step-up transformer (expressed in kVA) 

shall be consistent with the wind turbine generator power rating (expressed in kW) and 

increased for the allowable generator power factor.  A 600kW wind turbine generator 
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operating at a 90% lagging power factor requires a padmount transformer with a 

minimum continuous rating of 750 kVA.  A 1500kW wind turbine generator operating at a 

90% lagging power factor requires a padmount transformer with a minimum continuous 

rating of 2000 kVA.   

4. Utility Disconnect 

A utility disconnect will be provided to allow the local utility company to be able to 

disconnect and lock the turbine out in the event of problems on the utility side.  The 

disconnect will be provided with provisions for a padlock and visible open blades to 

verify open position.  The disconnect will be accessible to the local utility company.  It is 

recommended that this disconnect be on the riser pole to each turbine location. 

5. Cables and Conduits 

The proposed wind turbine generator interconnection option requires the use of 25 kV 

class interconnection circuit cables.  A three phase interconnection circuit of is required 

between each of the wind generator step-up transformers, through any necessary 

intermediate manholes, through the proposed padmount disconnect switch and to the 

primary metering. 

6. Interconnection Circuit 25 kV Class Cables 

The proposed wind turbine generator interconnection option requires the use of 25 kV 

class interconnection circuit cables.  A three phase interconnection circuit of is required 

between each of the wind generator step-up transformers, through any necessary 

intermediate manholes, through the proposed padmount disconnect switch and to the 

primary metering. 

The power cables shall be specified for 25 kV class insulation and consist of three, 

single conductor cables with either aluminum or copper conductors.  For this project and 

1500kW turbines, the size of the power cables shall be a minimum of #2 AWG 

Aluminum.   

The power cable between turbines and from the closest wind turbine generator step-up 

transformer to the 22.8 kV interconnection point shall be installed in underground 

conduit.  The conduit shall be Schedule 40 PVC that is encased in concrete  At least one 

(1) additional conduit for communications and control of the wind turbine generator 

should also be included in the conduit system, if wired communications is required.  It is 
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recommended that the primary cable ductbank be 2-5” conduits.  Additional 

communications conduits (2-2”) shall also be installed from the turbines to a riser poles 

for remote monitoring. 

1.4.5.4 Revenue Metering Modifications 

As mentioned, the proposed interconnection will need to be metered to measure energy 

produced by the wind turbines.  The proposed interconnection will create a new primary 

metered point at the facility, for each turbine.  A polemount primary metering cluster is 

proposed where the wind turbine circuit will connect to existing overhead 23kV NSTAR-

owned primary infrastructure.  This would be the ownership point and the PCC onto the 

23kV primary system.   

1.4.5.5 Electrical Interconnection Cost Estimates 

An electrical interconnection cost estimate is provided in this section for the 

interconnection of the proposed three (3) options.   

The estimated cost of the interconnection equipment up to the wind turbine main circuit 

breaker is likely to be as follows, based on the length of the conduit ductbank required 

(assumed to be approx. 1,000’ from the ROW), transformer, switch, cables, etc.  Option 

#3 assumes that the turbines are far enough apart that two separate taps will be made of 

the existing 23kV circuit.  No access site work is included in these cost estimates, only 

electrical. 

The following planning accuracy cost estimate has been developed for use in the 

feasibility analysis.  The planning accuracy cost estimate is based on conceptual 

interconnection plan for the wind turbine generators and are generally expected to be 

within an accuracy of +/-25%.  The cost estimate is based on recent project experience 

and vendor quotes and could change based on the final design and construction 

conditions. 

(From NSTAR 23kV feeder to Wind Turbine main circuit breaker) 

1. Option#1 - Single 600kW Turbine  $447,040 

2. Option #2 - Single 1500kW Turbine  $500,850 

3. Option #3 - Two 1500kW Turbines  $963,960 
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NSTAR fees for interconnection, impact studies, witness testing, etc. are not included in 

the above estimates as these are yet to be determined and will be provided by NSTAR. 

After the major electrical equipment listed, the balance of the interconnection system 

plant and miscellaneous components includes surge arresters, cable terminations, 

control wiring, and start-up testing.  The balance of the interconnection system plant and 

miscellaneous components are estimated at 25% of the total installed cost for the major 

components. 

1.5 Permitting 

The Dennis Water District wind turbine project involves varying levels of review and 

permitting by local, state and federal entities.  Local jurisdictional approvals are the most 

significant for this project because many state permits are not applicable and federal 

approvals are minimal.   

1.5.1 Town of Dennis  

The regulatory process for installing a turbine of the size range being considered by the 

Dennis Water District involves obtaining a Special Permit from the Town Planning Board 

followed by the issuance of a Building Permit.  Local Historic District review also is 

required. 

Based on review by Paul C. Wightman, Conservation Agent/Natural Resource Officer of 

the Dennis Department of Natural Resources, no Conservation Commission approval 

will be required for the proposed project since no wetlands or upland areas are impacted 

by this project further minimizing regulatory permitting (See Appendix B). 

1.5.1.1 Zoning Bylaws 

Wind turbines in the Town of Dennis are permitted only in certain zoning districts 

outlined in Section 11 of the Zoning Bylaws adopted May 5, 2009.   

The Zoning Bylaws were recently amended on May 4, 2010 at Town Meeting to address 

edits and expansion of the original wind bylaw.  Specifically, the amendments created an 

overlay district for Large Wind Turbines on municipal property that will allow their 

construction on Dennis Water District land (see Zoning maps dated Zoning 2009 and 

January 11, 2010 below as Figure 1-15 and Figure 1-16).  They also increased the size 



Page 46 of 100 
 

Dennis Water District Wind Turbine Feasibility Study 
September 2010 

 

of wind turbines to allow the construction of a wind turbine and tower combination of up 

to 400 feet to the tip of the blade (sufficient for a 1.65 MW wind turbine).   
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Figure 1-15 
Dennis Zoning Map - 2009 
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Figure 1-16 
Dennis Draft Zoning Map - 2010 
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1.5.1.2 Special Permit 

The Town of Dennis Zoning Bylaws include specific regulation of wind turbines (referred 

to as Wind Energy Facilities) in Section 1125.  Construction of any turbine being 

considered by this report is subject to the approval of a Special Permit Granting 

Authority (SPGA) from the Town Planning Board.  For the proposed project, it is subject 

to the requirements of Section 11.6.3.4 Large Scale Wind Facilities of size 500 kW and 

larger.  Among these requirements, project capacity size, property boundary and 

dwelling proximity limitations can be met for the proposed project.   

Among the additional general requirements that are relevant for the design process are 

summarized below (refer to Bylaws for the comprehensive requirements): 

(1) When more than two turbines are located on a property, a minimum 

spacing of at least two times the rotor diameter will be required 

between the wind structures. 

(2) Design and construction drawings shall be prepared and stamped by 

a registered professional engineer. 

(3) Proof of liability insurance regarding the installation, use and 

maintenance of the wind turbine. 

(4) Vegetative screening and buffering is required for any equipment 

associated with the wind turbine. 

(5) All utility connections to the wind facility shall be underground. 

(6) Vegetative clearing shall be limited as to that which is necessary for 

construction and operation of the wind turbine. 

(7) Night lighting is prohibited. 

(8) Neutral color painting of the wind facility is required. 

(9) Removal is required if the wind turbine’s use is discontinued for a 

period of 12 months.  A bond must be posted at the time of 

construction to provide for the cost of the removal of the facility. 

                                                
25 At the time of this study, the most recent version of the Town Bylaw was unavailable 

electronically. 
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(10) Maintenance must be performed in conformance with the 

manufacturer’s specifications. 

(11) One parking space must be provided for maintenance of the wind 

turbine. 

(12) Fencing shall be provided to control access. 

(13) No signs are allowed except no trespassing or those required to warn 

of danger. 

The required application materials for the Special Permit is outlined in the Zoning 

Bylaw section 11.9 and are summarized below: 

(1) A locus plan or aerial photograph at scale of 1” to 200’ showing all 

property lines, the exact location of the proposed structure(s), street 

landscape features, dwellings and other structures within three times 

the blade-tip height of the proposed turbine. 

(2) A site reference plan at 1” to 20 feet. 

(3) A color photo rendition of the wind facility including a view from the 

nearest street. 

(4) Professional Engineering stamped documents that: 

a.  Describe the technical economic and other reasons for the 

proposed location, height and design. 

b. Certify that the turbine complies with Federal and State Standards 

(5) Federal, State and Department of Public Health (if applicable) written 

statements of compliance or is exempt from regulation. 

1.5.1.3 Historical District 

Approval by the Massachusetts and Dennis Historic District Committee is a prerequisite 

of receiving a building permit.  Based on past projects proposed in the area, the Old 

King’s Highway Historic District will provide input especially if there is any visibility 

concerns affecting sensitive properties.  It should be noted that the Water District lands 

themselves are considered within the boundary of the Old King’s Highway Historic 

District.  The wind turbine will be difficult or impossible to see from many venues, 
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because of the relatively flat topography, and the extensive tree cover in Dennis.  

Regardless, Old King’s Highway has both recently approved (Aquacultural Research 

Corporation at the Town level) and rejected (Cape Cod Community College and 

Aquacultural Research Corporation at the regional level) wind turbine projects so the 

outcome of a District application for a “Certificate of Appropriateness” is uncertain. 

1.5.1.4 Building Permit 

Following the issuance of the SPGA, a building permit will need to be procured from the 

Town of Dennis.  Standard building permit procedure will be used for the installation of a 

turbine including following the Massachusetts State Building Code.   

The Massachusetts State Building Code is set forth in 780 CMR 1.00 (the “Building 

Code”).  In general, the Building Code applies to the construction, reconstruction, 

alteration, repair, demolition, removal, inspection, issuance and revocation of permits or 

licenses, installation of equipment, classification and definition of any building or 

structure and use or occupancy of all buildings and structures (except bridges and 

appurtenant supporting structures), and the rehabilitation and maintenance of existing 

buildings.  The Building Code also generally sets the standards and requirement for 

materials to be used in connection with such activities. 

Of particular relevance to the project is the following provision: 

 
Building Code Section  Limit / Restriction  Provision Citation  

Structural Design, 
including Loads and Basic 
Wind Speeds 

Structural design 
requirements, including 
predetermined rates for 
each town in the 
Commonwealth set forth in 
the regulations.   

780 CMR 16.00 
Table 1604.10 identifies 
established wind speeds by 
Town 
Note:  This provision is 
unique to Massachusetts. 

 

1.5.1.5 Town of Brewster 

As part of a secondary siting option, Boreal was asked to review the opportunity for the 

Water District to place turbines across the Brewster town line, within the adjacent 

property controlled by the Town of Brewster.  The main impetus for this would be to 

avoid the Old King’s Highway Historic District process.  Given the consistency of the 

terrain across the border, wind resources are expected to be nearly identical. 
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Portions of the adjacent Brewster parcels are within the Town’s Wind Energy Turbine 

Overlay District.  With the appropriate setbacks, there is no specific reason why a project 

would not be able to receive a special permit from the Town of Brewster.   

A project in Brewster would likely mean that the interconnection to the NSTAR also would 

have to be in Brewster, as NSTAR has historically not allowed distribution level 

generation projects to have their interconnecting wires cross property lines.  An 

easement from Brewster to the Dennis Water District is not sufficient to get around this 

obstacle.  In practice, Brewster would need to be compensated for the use of their land. 

1.5.2 Sound Assessment  

Boreal performed a preliminary sound assessment for the Dennis Water District project.  

Results show that no significant impact is expected to the surrounding area.  Figure 

Figure 1-17 below shows the anticipated worst-case sound impact on the surrounding 

area.  Icons marked H1 through H5 represent the nearest houses from the five nearest 

neighborhoods.26  Please note that the sound iso-lines in the image depict worst-case 

sound emissions not including background noise. 

                                                
26 H4 represents the nearest mobile home in the adjacent mobile home park.  These structures 

are neither year-round dwellings, nor considered residential.  The anticipated noise level at the 

nearest mobile home is expected not to exceed 43 dB(A). 
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Figure 1-17 
Estimated Sound Attenuation Around Two Turbine Loca tions 

 

Based on these desktop findings, at no point would noise from a wind turbine exceed 40 

dB(A) at a residential location.  Based on this finding, it is likely that the turbine(s) would 

have no significant sound impact on nearby residents either in Dennis or Brewster. 

1.5.3 Wildlife  

Boreal provided notice to wildlife officials regarding listed and proposed threatened and 

endangered species as delineated by state and federal endangered species programs.  

The Massachusetts Division of Fish and Wildlife’s Natural Heritage and Endangered 

Species Program (NHESP) and the US Fish and Wildlife Service (USFWS) did not find 

any species of concern on the property (see Appendix A).  The USFWS recommended 

pre-construction avian study and survey.   

In that regard this feasibility study is conducting an avian study which is mostly 

complete.  Site visits were conducted on April 7 and May 7, 2010 for a spring study (see 

separate electronic attachment).  Thirty-six different bird species were observed over 
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those two days.  A fall site visit also was conducted on September 15, 2010.  A final 

version of the report including the findings of the fall 2010 observations is still pending.   

1.5.4 Other  

Boreal prepared summary permitting tables to identify the state and federal requirement, 

the authority and citation, and permit approval timeframe as is outlined below: 

Table 1-10 
Applicable State Regulations 27 

Regulation/Permit  Authority Citation Approval 
Time 

Comments 

MEPA 
Determination:  
Notice of Intent 
and Environmental 
Notification Form 
(ENF) 

Executive 
Office of 
Environmental 
Affairs 

MEPA 
Regulations, 
301 CMR 
11.00 

~90 days No MEPA program 
eligibility thresholds 
will be met.  MEPA 
office provides 
documentation of non-
applicability via email 
for this type of project.  

MEPA: 
Environmental 
Impact Review 

 MEPA 
Regulations, 
301 CMR 
11.00 

 NOT APPLICABLE 

NPDES 
Stormwater 
General Permit 

Notice of Intent 

Mass 
Department of 
Environmental 
Management 
& US EPA 

Joint 
State/Federal 
Program under 
the CWA 

 May be applicable for 
a two turbine project. 
Required if more than 
one acre of land is 
disturbed.   

Notice of Intent Mass. Natural 
Heritage and 
Endangered 
Species 
Program 

321 CMR 
10:00 

 NOT APPLICABLE – 
no threatened or 
endangered species 
identified 

                                                
27 Note:  Portions adapted from Renewable Energy Research Laboratory, University of 

Massachusetts at Amherst - Community Wind Power Fact Sheet #7 
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Regulation/Permit  Authority Citation Approval 
Time 

Comments 

Wetlands Program 
Policy: Activities In 
The Buffer Zone 
Under The 
Wetlands 
Protection Act 
Regulations   

Massachusetts 
Department of 
Environmental 
Protection 

310 CMR 
10.00. March 
1999 

 NOT APPLICABLE – 
see review of Dennis 
Department of Natural 
Resources 

See also: Bordering 
Vegetated Wetland 
Delineation Criteria 
and Methodology  
 

Limited Projects: 
Access Roadways or 
Driveways (DWW 
Policy 88-2)  

Massachusetts 
Water Quality Act 
Section 401 Water 
Quality 
Certification  

Massachusetts 
DEP 

310 CMR 
10.00 

 NOT APPLICABLE 
Must be obtained if 
any activity alters more 
than 5000 SF of 
wetlands. 

Conservation and 
Management 
Permit 

Mass. Natural 
Heritage and 
Endangered 
Species 
Program 

321 CMR 
10:00 
Massachusetts 
Endangered 
Species Act – 
required if a 
“take” is 
required 

 NOT APPLICABLE  

Massachusetts 
Forest Cutting 
Practices 
Regulations 

Mass 
Department of 
Environmental 
Management 

(304 CMR 
11.00) require 
reviews of 
forest cutting 
plans and 
potential 
impacts on 
rare species.  

 Exempt – see 11.02 3 
(e) 

General Access 
Permits 

Massachusetts 
Department of 
Highways 

  Needed if road 
modifications to State 
roads must occur 

Wide Load Permits Massachusetts 
Department of 
Highways 

  Route approval 
required; Road limits 
will require funding of 
separate road survey 
by a Civil Engineering 
firm. 
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Regulation/Permit  Authority Citation Approval 
Time 

Comments 

Project Notification 
Form 

Massachusetts 
Historical 
Commission 
(MHC) 

MGL Ch. 9 
Sections 27-
32 

30 days Kings Highway 
Historical Commission 
Review involvement - 
Any new construction 
projects etc. that 
require funding, 
licenses, or permits 
from any state or 
federal agencies must 
be reviewed by MHC 
for impacts to historic 
and architectural 
properties.   

Noise control 
policy 

Massachusetts 
Department of 
Environmental 
Protection 

MGL 310 CMR 
7.09 -7.10 

Criteria Enforcement potential 
if nuisance complaint 

At nearest property 
line or residence: No 
increase by more than 
10 dB(A) above 
ambient.  No “pure 
tone” condition.   

Site approval Energy Facility 
Siting Board 
(EFSB) 

M.G.L. c. 164, 
§69H 

 NOT APPLICABLE 
Primarily concerned 
with plants over 100 
MW; new transmission 
lines over 1 mile long 
or over 69 kV 

Request for 
Airspace Review 

Mass 
Aeronautics 
Commission 

 NOT 
APPLICABLE 
– no formal 
permit 
required 

Should be notified 

NEPOOL 
Interconnection 
System Impact 
Study & Facility 
Study 

RTO-NE (a/k/a 
ISO-NE) 

 None – 
informational 
only 

For projects less than 
5 MW the submittal of 
form 18.4 does not 
trigger a system 
impact study.  It 
provides information to 
RTO-NE for system 
planning purposes.   
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Table 1-11 
Federal Applicable Regulations 28 

Regulation/Permit Authority Citation Approval Time  Comments 

Notice of Proposed 
Construction or 
Alteration  

Fed 
Aviation 
Admin. 

14 CFR Part 77 At least 30 
days  

Required for 
crane erection 
and tower 
structure.   

Service Interim 
Guidance on 
Avoiding and 
Minimizing Wildlife 
Impacts from Wind 
Turbines 

Fish & 
Wildlife 
Service 

May 13, 2003 

http://www.fws.gov/r9
dhcbfa/wind.pdf  

Guidance Only  

Habitat Conservation 
& Incidental Take 
Permit  

Fish & 
Wildlife 
Service 

Endangered Species 
Act 

 Most likely not 
applicable – 
awaiting 
response 

Migratory Bird Treaty 
Act 

Fish & 
Wildlife 
Service 

Migratory Bird Treaty 
Act 

Prohibits the 
taking, killing 
possession etc. 
of migratory 
birds 

Enforcement 
potential 

Golden Eagle 
Protection Act 

Fish & 
Wildlife 
Service 

Golden Eagle 
Protection Act 

 Enforcement 
potential 

FERC Certification 
as Qualifying Facility 
(QF) 

Federal 
Energy 
Regulatory 
Commissi
on 

18 CFR Sec. 8.11 10 business 
days 

http://www.ferc.
gov/industries/e
lectric/gen-
info/qual-
fac.asp  

Wind Turbine 
Guidelines 

Wind 
Turbine 
Guidelines 
Federal 
Advisory 
Committee 

  Policy 
recommendatio
ns and 
voluntary 
guidelines for 
siting and 
operating wind 
energy projects 
to avoid or 
minimize 
impacts to 
wildlife and 
habitat.  
Finalized in 
April, 2010. 

                                                
28 Notes:  Portions adapted from Renewable Energy Research Laboratory, University of 

Massachusetts at Amherst - Community Wind Power Fact Sheet #7 
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Regulation/Permit Authority Citation Approval Time  Comments 

Currently only 
advisory. 

http://www.fws.
gov/habitatcons
ervation/windpo
wer/wind_turbin
e_advisory_co
mmittee.html 
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2 Economic Feasibility Analysis 

This section provides analysis on the economic viability of installing a wind turbine at the 

Dennis Water District.  First it will describe the costs, financing options, and benefits of 

installing a wind turbine on-site.  It then will combine these factors and analyze scenarios 

to provide the realistic net benefits for a wind turbine installation, concluding with 

recommendations of next steps.  

2.1 Costs for Major Scenarios 

2.1.1 Capital Costs  

The capital costs for wind turbines are substantial.  From 600 kW to 1.6 MW nameplate 

capacities, costs range from $2,500/kW to $4,200/kW installed.   

Major categories of costs include29: 

·  Turbine 

o Turbine and Tower 

o Freight 

o FAA Lighting  

·  Balance of Plant 

o Site Development 

o Pad Mount Transformer 

o Concrete and Rebar 

o Foundation Labor 

o Tower Imbeds / Bolts 

o Cranes, Crane & Erection Labor 

o Construction Supervision 
                                                
29 Adapted from “A Comparative Analysis of Community Wind Power Development Options in 

Oregon”, July 2004.  “Community Wind” development refers to installations that are of utility 

scale, but smaller than most wind farms (i.e., 500 kW to 20,000 kW projects).   
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o Monitoring and Control System 

·  Interconnection 

o High Voltage Line Extension 

o Interconnection and Metering 

o Electrical Labor 

·  Soft Costs 

o Legal 

o Permitting 

o Development & Engineering 

o Insurance 

o Meteorological Tower and Feasibility Study 

o Contingencies 

We estimate capital costs somewhat higher than is generally described in industry 

publications and papers because: 

·  Most estimates assume larger wind farm installations where fixed costs can be 

spread over many more turbines.  

·  The complexity of the electrical system and more stringent Massachusetts 

requirements results in higher interconnection costs than is commonly estimated.   

·  The high demand for wind turbines in the U.S. and internationally.   

·  High cost of steel. 

·  Construction costs are typically higher in the northeastern U.S. as compared to 

the rest of the country.   

Table 2-1 displays estimated total installed costs for a subset of example turbines for a 

single turbine project.  These costs come from recent manufacturer bids and publicly 

available proposals for similar projects.  In many cases, the economies of scale are 

readily apparent.   
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Table 2-1  
Indicative Summary Design, Procurement, and Constru ction Costs 30 
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�8)����

,'3)925
+/9��

Post FS / 
Pre-Design�

$60,000 � $60,000 � $60,000 � $60,000 � $60,000 � $60,000 � $60,000 �

Turbine to 
Site�

$1,045,900 � $1,177,800 � $1,260,000 � $1,636,546 � $1,730,000 � $2,100,000 � $2,225,000 �

Civil 
Construction�

$287,300 � $287,300 � $295,000 � $300,000 � $300,000 � $400,000 � $400,000 �

Electrical 
Install / 

Intercnnctn�

$450,000 � $450,000 � $475,000 � $475,000 � $475,000 � $500,000 � $510,000 �

Utility 
Impact 
Study & 

Upgrades�

$20,000 � $20,000 � $20,000 � $20,000 � $20,000 � $20,000 � $20,000 �

Install / 
Erection�

$83,500 � $83,500 � $100,000 � $150,000 � $150,000 � $300,000 � $300,000 �

Customer 
Cost/Misc�

$12,000 � $12,000 � $15,000 � $15,000 � $15,000 � $30,000 � $30,000 �

Police Detail� $1,000 � $1,000 � $1,000 � $1,000 � $1,000 � $1,000 � $1,000 �

Engineering 
- Design�

$60,000 � $60,000 � $70,000 � $70,000 � $70,000 � $80,000 � $80,000 �

Engineering 
- Bid�

$30,000 � $30,000 � $35,000 � $35,000 � $35,000 � $40,000 � $40,000 �

Engineering 
- Oversight / 

Mngment�

$80,000 � $80,000 � $90,000 � $90,000 � $90,000 � $100,000 � $100,000 �

Contingency 
- 10%�

$212,970  $226,160  $242,100  $285,255  $294,600  $363,100  $376,600  

Total-Per 
Turbine�

$2,342,670  $2,487,760  $2,663,100  $3,137,801  $3,240,600  $3,994,100  $4,142,600  

$/kW 
Installed�

$3,904.45  $4,146.27  $3,550.80  $4,183.73  $3,600.67  $2,662.73  $2,589.13  

 

 

                                                
30 While prices can objectively be compared via the metrics displayed in this table, it is important 

to note that since the market for turbines of this size is in continual flux turbine manufacturers 

have varying levels of credibility that are linked to many factors including established sales 

relationships, number of machines installed locally, and general company reputation. 
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Figure 2-1 
Estimated Cost Breakdown for a GE 1.6 82.5  
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2.1.2 Operating Costs  

While there are no fuel costs for a wind turbine, there are ongoing operating costs.  

These include31: 

·  Operations and Maintenance 

·  Warranty 

·  Equipment Repair and Replacement Fund (a/k/a sinking fund) 

·  Equipment Insurance   

                                                
31 Adapted from “A Comparative Analysis of Community Wind Power Development Options in 

Oregon”, July 2004.  “Community Wind” development refers to installations that are of utility 

scale, but smaller than most wind farms (i.e., 500 kW to 20,000 kW projects).   
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·  Management / Administrative  

·  Miscellaneous 

Table 2-2 displays the estimated annual costs for each of the selected turbines. 

Table 2-2 
Estimated Operating Costs per Turbine for Selected Turbines 32 
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2.2 Benefits of Electricity Production 

There are four types of energy revenue and/or avoided costs resulting from distributed 

generation (DG) behind-the-meter wind turbines.  First is to avoid paying utility bill 

energy charges.  Second, if there is any excess power is to sell part or all of the 

production of a wind turbine into the wholesale market or to be credited for net metering.  

Third, is to capture revenue from selling renewable energy certificates (RECs) that are 

available for wind turbines (or any renewable generation) installed after March 1, 1998 in 

                                                
32 Note for small installations (e.g. < 5 turbines) generally the manufacturer will train on-site 

personal to do low level maintenance, and pay them to perform these tasks (e.g., visual inspect 

after shut-down and restart).  Those costs are included.   
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Massachusetts.  Fourth is to garner forward capacity market payments, whose market is 

in flux, and so we assume no benefits33.   

The balance of this section describes these revenue streams in turn, and then describes 

potential environmental benefits from wind turbine electricity production.   

2.2.1 Benefits of Avoiding Utility Bill Charges  

An electric bill from NSTAR consists of four types of charges: 

1. Customer Charges 

2. Demand (kW) Charges 

3. Energy (kWh) Charges 

4. Other (e.g., metering, interconnection study) 

Customer, demand, and “other” charges all are considered purely utility “wire charges” 

and generally are not offset by the installation of a wind turbine.  The energy charges are 

a mixture of “wire” and “generation” charges, and are offset by the installation of a wind 

turbine.   

The above charges (e.g., demand-kW, energy-kWh) are assessed for various “services” 

and include: 

·  Generation.  Generation services currently can be purchased in two different 

ways. 

·  Basic Service; and,  

·  Competitive supply service (e.g., Direct Energy, Dominion, Constellation 

NewEnergy, ConEd Solutions. etc.) 

·  Distribution; 

·  Transmission; 

·  Competitive transition (i.e., stranded costs);  

·  Energy efficiency; and, 

                                                
33 Much more about the ISO-NE’s forward capacity market can be found at http://www.iso-

ne.com/markets/othrmkts_data/fcm/index.html  
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·  Renewable energy fund.   

Unless a customer opts to totally disconnect from the grid and rely on a combination of 

wind turbines and other sources of electricity (e.g., photovoltaics, banks of batteries, 

micro-turbines), they cannot avoid monthly customer charges nor demand (kW) charges. 

What can be avoided (in part) by the installation of a wind turbine are energy charges34.  

The amount of energy charges a customer pays on the utility bill varies by their location, 

rate class and consumption patterns.   

2.2.1.1 No Implementation of “Standby” Generation Charges 

Many utilities impose “standby” generation charges on customers that install on-site 

generation.  Currently NSTAR imposes no standby charges.  

2.2.2 Value of Net Metered Electricity 35 

2.2.2.1 Net Metering Eligibility 

The 2008 legislation The Green Communities Act (S. 2768) outlines three general 

classes for net metering.  A Class I facility is defined as a plant or equipment (not a 

transmission facility) that is used to produce or generate electricity with a capacity of 

fewer than 60 kW.  A Class II facility is defined as a solar, wind, or agricultural net 

metering facility whose generating capacity is greater than 60 kW but less than or equal 

to 1 MW.  A Class III facility is a wind, solar, or agricultural net metering facility with a 

generating capacity of greater than 1MW but less than 2MW.36  In addition, a 

neighborhood net metering facility is a Class I, II, or III net metering facility that is owned 

by 10 or more residential customers who live in the same neighborhood and are served 

                                                
34 Including a “wires” portion, e.g. the kWh portion of the transmission and distribution charges, 

but not the kW portion of the transmission and distribution charges. 

35 It is important to note that a project installed at the Greenbelt is greatly assisted by the 

presence of net metering.  Without an on-site load of any significance, and without the ability to 

credit generation to other accounts, the proposed project would suffer significantly. 

36 Because the turbines at the Greenbelt could be independently metered, a two-turbine 

installation exceeding 2MW in size would likely be able to garner net metering benefits. 
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by the same distribution company; and is located within the same neighborhood as 

those who own or are served by the facility. 

Total project MWs eligible for net metering are capped at 1% of a utility’s peak load, 

approximately 49.58 MWs for NSTAR.  Through the end of July 2010 16.9 MWs are 

online, an additional 33.1 MWs have applications submitted for a total 50.0 MWs 

formally in the net metering process37.  If a project does not qualify for net metering, it 

can still sell its power back to the utility at wholesale rates, which generally have been 

half of the retail rates.38 

2.2.2.2 Computation of Net Metering Value 

For all three classes, the credits received depend upon categories listed in Table 2-3.  A 

DWD project would be considered a “Government” project.  Importantly net metering 

credits are monetized.  That is they are denominated in dollars rather than kWhs.  If a 

turbine owner has more dollar-based net metering credits than utility charges in a month, 

then the net metering credits will accrue (i.e., rollover).  The accrued credits then may be 

assigned to future bills or to other accounts (more detail in next sub-section below).   

Table 2-3  
Net Metering Components - Class Qualifications 
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The value of the net metered energy used on-site will be the sum of the kWh utility bill 

components (generation, distribution, transmission and transition).  The sum of these 
                                                
37 http://www.nstar.com/business/rates_tariffs/interconnections/other.asp  

38 By becoming a FERC Qualifying Facility and submitting a Power Purchase Rate request. 
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components (denominated in cents/kWh) is then multiplied by the net metered kWh 

which results in a dollar-based net metering credit.  The value of the generation 

component (the largest component) of net metered energy is based on Basic Service 

costs.  The values of the other components are based on the utility tariff for the rate 

class of the on-site turbine account.  It is important to note that the generation 

component is the lowest it has been since 2005, and has come down because of the 

slack economic demand.  Since January 2005 Basic Service prices have averaged 

10.43 ¢/kWh, and for the last six months 9.39 ¢/kWh39.   

Table 2-4  
Current Value of Municipal Net Metered Energy: Rate  Class G-1 
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2.2.2.3 Assignment and Logistics of Net Metering Credits 

If there is not enough on-site utility charges for the host account to credit against during 

a month, the net metered credits will either accrue to the host account (to be used in the 

future) or those credits may be assigned to other accounts within the same ISO-NE load 

zone and utility service territory.  The assignee accounts do not have to be “owned” by 

the net metering customer.   

A net metering customer may assign on an on-going basis its credits to other accounts 

via NSTAR Tariff Schedule Z40.  Assignments of net metering credits are done on a 

percentage basis via Schedule Z, and can be adjusted twice a year41.  DWD is likely to 

                                                
39 http://www.nstar.com/business/rates_tariffs/basic_service.asp#Monthly  

40 http://www.nstar.com/docs3/interconnections/net-metering.pdf?unique=20100822163425  

41 It is unclear whether net metering credits once accrued to an account, later can be transferred 

to another account.  For example, if DWD assigns net metering credits to XYZ Corp, and the XYZ 
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assign some of their credits to their 35 NSTAR accounts.  If the DWD installs a 1.5 MW 

class wind turbine, the 35 accounts could only “consume” less than half the produced 

net metered credits on an annual basis.  

To reap any value of the remainder of the net metered credits, DWD will have to assign 

credits to other “owners” of NSTAR accounts and then set up separate agreements with 

those other account holders to pay for the credits assigned to them.  With non-DWD 

account holders the value of these bi-lateral deals is whatever is negotiated (e.g., 90% of 

the face value of the credits).   

For Class III size projects, the utility can pay the owner directly for the net metering 

credits.  The utilities requested this option for Class II projects as well, but were denied 

this request as it did not coincide with the Department of Public Utilities’ interpretation of 

the legislation.42   

A National Grid representative stated in spring 2010 it prefers to assign credits rather 

than write a check, and was expecting other utilities do the same.  Conversely, NSTAR 

is directly paying the Falmouth Waste Water Treatment plant and the Notus Clean 

Energy wind turbine projects for their net meter credits.  NSTAR must perform its 

crediting “off-line”, so the logistics are apparently considerable.  

If NSTAR decides to assign credits, it will cause DWD logistical problems.  Figure 2-2 

graphically shows some of this complication.  Assuming DWD installs a 1.5 MW class 

turbine, it would produce over 3,400,000 kWhs annually (3,400 MWhs), while DWD uses 

about 1,300 MWhs annually over its 30 accounts.  Even if the assignment is done 

perfectly on an annual basis (an unlikely scenario), the turbine production and DWD 

consumption will not line up on a monthly basis as shown in the relative production and 

consumption curves on the left of the figure.  Wind turbines produce more in the winter 

than summer, while DWD consumption peaks in the summer.  Further some well fields 

are pumped half the year, and then allowed to recharge the other half of the year.  This 

will cause a monthly mismatch of net metered credits to charges that can be credited 

                                                                                                                                            
plant suddenly shuts down (and thus there is not any utility charges to credit against), it is unclear 

if those net metering credits can be reassigned to another utility account.   

42 The utilities are concerned about high additional manual processing costs, if a net metering 

project owner splits their excess net metering credits over many accounts.   
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against.  In some cases the DWD will have to pay bills outright; in other cases the DWD 

would accrue credits that are not easily transferable and would eventually use the credits 

against future NSTAR bills.   

DWD could decide to assign future credits via Schedule Z to other non-DWD accounts 

(e.g., the XYZ Corp.).  The XYZ Corp. and the DWD then would have to negotiate the 

value of the credits assigned (e.g., at 90% or 95% of face value), and consummate and 

account for the transfer of funds from the Town to the DWD on an ongoing basis.   

It is clear given these potential complications that the DWD would best be served by 

NSTAR directly paying for any accrued net metering credits.  

Figure 2-2  
Monetizing Net Metering Credits and Renewable Energy  Certificates 

 

 

2.2.3 Protection from Volatile Electric Rates  

For as long as the wind turbine is utilized, its fuel costs will be zero.  This is in contrast to 

highly volatile natural gas, fuel oil and electricity prices.  A distributed generation wind 
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turbine can provide on an aggregate basis all of the energy currently consumed on-site 

(the most likely sizing will be between 50% and 250% of current on-site consumption) 

though, as discussed above, some will be consumed on-site and some will be exported 

back to the grid.  Regardless, any significant turbine project will dampen the risk 

associated with volatile energy prices, and make budgeting and forecasting of energy 

operating costs more certain.   

Water District electric costs are to a large degree based on retail generation costs which 

are, in turn, linked to wholesale generation costs.  

As seen in Figure 2-3 the average hourly wholesale locational real time price for the 

Southeast Massachusetts region (SEMA) of ISO-NE (the electric grid operator) has 

fluctuated widely.  The price spike in 2005 caused by the effects of Hurricane Katrina 

and 2008 when commodity natural gas prices were surging (the biggest factor affecting 

New England wholesale electric prices) can be easily seen, as can be the large 

decrease in the most current prices caused by the economic slow-down.  The average 

wholesale price for the most recent twelve months was 7.37 ¢/kWh.  In the near future, it 

is likely that short-term electric prices will be depressed.  With an economic recovery 

prices will almost certainly rise, but to what degree is uncertain.   
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Figure 2-3  
ISO-NE SEMA Region Average Wholesale Electric  

Real Time Location Marginal Prices  
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Each 1¢/kWh increase in electric prices is expected to translate to over $13,000 in 

increased costs to the District per year.  An installation of a 1600 kW turbine is expected 

to save/earn the Dennis Water District approximately $77,000 in electric generation in its 

first year of installation, increasing as the debt is paid down, and would protect the 

district from electric rate increases from market volatility. 

2.2.4 Renewable Energy Certificate Revenue  

An additional revenue stream for wind turbines in Massachusetts comes from a 

legislative mandate to promote renewable energy sources.  The potential revenue 

comes from the sale of Renewable Energy Certificates (RECs), or so called “green 

certificates”.  RECs are a tool created as a result of the Renewable Portfolio Standard 

(RPS) legislation adopted in some New England states, notably Massachusetts, 

Connecticut, Rhode Island, and New Hampshire.  Maine recently amended their RPS to 
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promote new renewable generation.  Vermont has a RPS, but in practice it does not 

promote new renewable projects to a great degree.. 

Accounting for RECs is the method to certify compliance with an RPS.  The primary 

purpose of the RPS legislation is to create demand and financial support for new 

renewable electric generation sources which have significantly fewer environmental 

impacts than traditional fossil fuel based generation and which help diversify the 

domestic electricity generation mix thereby leading to greater long-term price stability.  

The Massachusetts RPS mandates that 1% of all in-state investor owned utility service 

territory (i.e., NSTAR, National Grid, Fitchburg Gas & Electric, and Western Mass 

Electric) electric consumption come from new (post-1997) renewable resources by 2003.  

These levels increase by 0.5% each year through 2009, and, 1% for each year from 

2009 through 2020 for a total of 15%.  Connecticut, Rhode Island and New Hampshire 

have similar requirements for in-state electricity consumption in place.   

The alternative compliance payment (ACP, i.e., penalty) for an electricity supplier not 

reaching these mandates in 2010 is $60.93/MWh43 for Massachusetts, Maine, New 

Hampshire and Rhode Island served load and $55/MWh for Connecticut served load.  

The ACP in Massachusetts, Maine, New Hampshire and Rhode Island is adjusted for 

inflation44. 

Energy used on-site load from the wind turbine can be used to satisfy the Massachusetts 

and Connecticut45 RPSs.  Energy that is not used on-site at the Water District and is 

from project that is deemed to be a wholesale generator could be eligible to create RECs 

to satisfy any state RPS in New England.  

                                                
43 

http://www.mass.gov/?pageID=eoeeasubtopic&L=5&L0=Home&L1=Energy%2c+Utilities+%26+Cl

ean+Technologies&L2=Renewable+Energy&L3=Renewable+Portfolio+Standard&L4=RPS+News

%2c+Documents%2c+and+Timeline&sid=Eoeea  

44 The Connecticut ACP is not adjusted for inflation. 

45 Massachusetts and Connecticut are the only New England states that allow out-of-state, 

behind-the-meter generation to be eligible for their RPS.   
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2.2.4.1 REC Prices 

REC prices are driven by a combination of actual and anticipated supply and demand, 

the ACP levels and, importantly, state rules regarding eligibility which affect both supply 

and demand.  Given the uncertainty of and long lead times to implement New England 

renewable energy projects, and the legislative and regulatory risks associated with these 

government-mandated markets, there is great uncertainty of REC prices in the long-

term.  For the 2010 compliance year, there are sufficient RECs and prices are moderate.  

In the out years, however, demand is stronger; supply is shorter; and consequently 

prices, particularly for Massachusetts RECs, are higher for 2011 and 2012, as can be 

seen in Table 2-5. 

Table 2-5  
Recent Prices for MA & CT RECs 46 
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RECs are not created simultaneously with the production of energy.  They are tentatively 

created on a quarterly basis and then it takes another five months for accounting to be 

completed and the RECs created.  Thus wind production of the last quarter of 2009 have 

RECs created in May 2010.  It is possible to forward trade RECs that have not been 

officially created by the NE-GIS in the weeks following the end of the calendar quarter at 

a small discount to compared to fully certified RECs. The top portion of Figure 2-2 

provides a graphic depiction of this process.  

                                                
46 ICAP United REC Recap 2010-06-15. 
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2.3 Analyze Financing 

As detailed above, the cost of a wind turbine installation will be more than $1,000,000 

(likely more than $4,000,000 for 1.5 MW class wind turbine installation).  Given the high 

up front capital cost, various ownership options could be considered.  The financial 

benefits of a wind turbine would be, as described above, a combination of avoided utility 

costs, sales of net metered credits, and REC sales revenue.  The degrees of the 

benefits are analyzed in Section 2.4 below. 

2.3.1 Grants  

2.3.1.1 CEC Grants  

The Massachusetts Clean Energy Center (CEC), formerly the Massachusetts 

Technology Collaborative (MTC), has millions of yet-to-be-allocated dollars earmarked to 

support on-site private business and institutional renewable energy development.  It 

should be noted that the CEC funds themselves originated from electric rate-based fees; 

so, in effect, all electric customers in Dennis have contributed significantly to this funding 

source.  Design & Construction (D&C) funds are pro-rated based on turbine size.  

Installations 100kW to 2MW in capacity are eligible for the Commonwealth Wind 

(CommWind) Initiative’s Community Scale grants, whereas installations above 2MW are 

eligible for the Commercial Scale program.  Community Scale grants offer 

reimbursement for D&C activities while the commercial scale funding offers non-

recourse loans for project development47.  

Table 2-6 displays the amounts available for projects in the size range being considered 

by the Dennis Water District.  Community scale grants are competitively awarded 

approximately thrice per year.  The next grant application round (round 4) had a deadline 

of September 14, 2010.   

Table 2-6 
CommWind Funding Increments 

"
��������
�$��0��.�� � ���5�
�	�$�'����0 � �
�	�$�'����0 �

                                                
47 Non-recourse meaning the entity receiving the loan is not obligated to pay back the loan under 

certain circumstances.  
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2.4 Analyze Project Financials  

This subsection analyzes the financial payback for various turbine sizes, ownership, 

costs, revenue, etc.  It first describes the methodology employed, and then defines the 

primary base cases used in the analysis. 

2.4.1 Methodology  

2.4.1.1 Disposition of Energy Production 

The goal of this analysis is to compute the financial payback of ownership and turbine 

configuration options in a realistic fashion and to confirm the suitability of utilizing historic 

wind resource and anticipated electric use data for forward-looking projections.  We 

have estimated the amount of annual kWh production to be used on-site, to be net 

metered to the site, to be net metered to other accounts off-site, and if net metering is 

not available, excess to be sold at wholesale rates. 

2.4.1.2  Projecting Financial Impacts to Future Years  

A wind turbine has an expected 20-year equipment life.  For future years we assumed 

replication of wind resources and the Dennis Water District electricity consumption.  We 

have increased prices by assumed inflation rates (e.g., wholesale prices), decreased 

prices per tariff filings (e.g., NSTAR’s transition costs are expected to decrease over the 

next few years) or assumed prices would stay steady (e.g., we assumed that the 

renewable energy charge, the portion of the bill that funds the Renewable Energy Trust, 

would stay constant at 0.05 ¢/kWh for the life of the wind turbine), as appropriate.  

Additionally we make explicit assumptions about the cost of the wind turbine installation, 

O&M costs, percent of time the wind turbine is available (i.e., not undergoing repair or 
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maintenance), line losses, REC revenue, tax rates (for third-party ownership option), 

availability of the PTC / ITC, interest rates, loan terms, potential grants, and inflation 

rates.   

All this information is combined to provide nominal costs and benefits of a wind turbine 

for each of the 20 years of expected life of operation.  From these results, cash flow, 

internal rate of return (IRR), and net present value (NPV) can be computed. 

2.4.2 Define Major Scenarios and Variants  

The base case scenarios for a turbine installed at the Dennis Water District are 

summarized in Table 2-7.  

Table 2-7 
Attributes for Financial Base Case Scenarios 
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2.4.3 Financial Results  

As shown in the following tables, the Dennis Water District has the opportunity for 

significant economic benefit from installing a wind turbine.  The economies of scale of 

installing larger machines are clearly visible.   

Table 2-8 shows results for various turbine installations with assistance from the CEC 

under P50 wind speed and generation conditions.  This is the most likely case for 

payback.  Table 2-9 shows results for various turbine installations with assistance from 

the CEC under conservative P90 wind speed and generation conditions.  The 

conservative P90 scenario is assumed as the base case for the remainder of the report.   
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The definitions of the metrics are as follows: 

·  Years to Cash Flow Positive is the year in which inflow in aggregate exceeds 

outflow in aggregate.  Inflow is both revenue and avoided costs.  Outflow is any 

payment.  We assume one year to design and build the turbine, which is Year=0.  

The first year of turbine operation is Year=1. 

·  Net Benefits as % of Electric Bill: Year X is the how the net benefits in a 

particular year compare against the DWD electric bill.  

·  NPV Year X is the Net Present Value of the project in a particular year.  Net 

Present Value takes into the time value of money (a dollar today is worth more 

than a dollar next year).   

As can be seen in Table 2-8 and Table 2-9 the financial generally improves with 

increase in turbine size because of the aforementioned economies of scale.  Of note the 

installation of the two GE 1.6 82.5s is slightly more cost effective than a single GE 1.6 

82.5 we assume that a project would only be able to receive a single $400,000 grant.  In 

addition we did calculate some wind shadowing losses for a two turbine project, which 

decreases the project’s annual production and financial payback.   

Table 2-8 
Financial Results for Various Turbine Installations  Assuming CEC Funding 

Assistance and P50 Wind Conditions 

Turbine Model Years to 
Cash 
Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

EnergyRRB 600 
17.8 -98% -1% 50% ($622,399) $537,407 

Elecon 600 
16.6 -105% 5% 60% ($518,824) $918,173 

Unison U57 
15.1 -135% 17% 87% ($406,344) $1,792,597 

Norwin_46-
ASR-750 

18.3 -112% -3% 56% ($763,823) $505,437 
Directwind 900 

15.1 -140% 18% 90% ($404,596) $1,873,875 
Sinovel_SL1500 

3.8 -173% 102% 190% $1,576,359 $7,031,358 
GE_1.6-82.5 

2.7 -180% 146% 236% $2,654,535 $9,646,458 
2 X GE_1.6- 3.2 -371% 250% 435% $4,170,629 $16,854,777 
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Table 2-9 
Financial Results for Various Turbine Installations  Assuming CEC Funding 

Assistance and P90 Wind Production Conditions 

Turbine Model Years to 
Cash 
Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

EnergyRRB 600 
n/c48 -98% -18% 33% ($1,078,649) ($508,183) 

Elecon 600 
n/c -105% -15% 40% ($1,026,613) ($245,531) 

Unison U57 
19.5 -135% -9% 62% ($1,072,792) $266,524 

Norwin_46-
ASR-750 

n/c -112% -24% 35% ($1,300,314) ($724,043) 
Directwind 900 

19.8 -140% -11% 62% ($1,135,305) $200,655 
Sinovel_SL1500 

9.5 -173% 48% 136% $183,060 $3,840,902 
GE_1.6-82.5 

5.8 -98% -18% 33% ($1,078,649) ($508,183) 
2 X GE_1.6-

82.5 
7.5 -371% 127% 316% $1,049,643 $9,708,162 

 

Figure 2-4 displays the cash flow for an Elecon 600 with a $320,500 grant from the CEC, 

and Figure 2-5 shows the cash flow for a GE 1.6 82.5 with a $400,000 grant from the 

CEC.  As can be seen the Elecon does not attain the DWD’s goal to have a wind turbine 

cover financing payments ongoing costs (e.g., O&M, warranty, sinking fund) and the cost 

of the DWD’s electric bill, while the GE 1.6 82.5 which produces much more electricity 

than Elecon does attain the goal after a few years.  Figure 2-6 shows more detail on the 

cost breakdowns for the GE 1.6 82.5 for those desiring this information. 

                                                
48 n/c = not computable 
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Figure 2-4  
Summary Cash Flow for an Elecon 600 with CEC Grant Funding – P90 
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Figure 2-5  
Summary Cash Flow for an GE 1.6 82.5 with CEC Grant  Funding – P90 
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Cash flows for other turbines display similar dynamics with slower or faster paybacks 

depending on the unit. 

The GE 1.6 82.5 will be used as the project’s base case for the remainder of the report.  

It provides the highest expected payback of the turbines analyzed.  Again, the costs 

associated with each turbine are indicative and the DWD will have to enter into a firm bid 

process to acquire definitive costs.  
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Figure 2-6  
Detailed Cash Flow for an GE 1.6 82.5 with CEC Gran t Funding – P90 

($1,000,000)

($800,000)

($600,000)

($400,000)

($200,000)

$0 

$200,000 

$400,000 

$600,000 

$800,000 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Project Loan Principal

Project Loan Interest

Turbine O&M

Turbine Warranty /  Equipment Replacement Sinking Fund

Non Turbine Operating Costs

REC Mngmnt Fees

Annual Electric Costs

Prdctn Net Metered to Other Orgs

RECs - Gross
 

 

2.5 Uncertainty Analysis 

This subsection provides an analysis of the major factors that may affect the payback on 

an installation of a wind turbine.  All the P90 generation values originally displayed in 

Table 1-8 are used in analyses in this section. 

2.5.1 No CEC Grant  

Financial payback is shown in Table 2-10 for the scenario where no CEC design and 

construction grant funding is won.  The returns, of course, decrease without a grant.  

Nonetheless, the 1.5 MW class wind turbines provide significant economic returns, while 

the 600 kW wind turbines do not have positive returns, even after twenty years.  Impact 

of grant non-availability is stronger for smaller turbines as refund totals represent larger 

percentages of project costs at this level. 
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Table 2-10 
Financial Results for Various Turbine Installations   

Without CEC Funding 

Turbine Model Years to 
Cash 
Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

EnergyRRB 600 
n/c -113% -27% 33% ($1,390,990) ($906,776) 

Elecon 600 
n/c -120% -23% 40% ($1,338,955) ($644,123) 

Unison U57 
n/c -151% -18% 62% ($1,398,047) ($148,547) 

Norwin_46-
ASR-750 

n/c -128% -32% 35% ($1,625,568) ($1,139,114) 
Directwind 900 

n/c -156% -20% 62% ($1,473,472) ($230,895) 
Sinovel_SL1500 

12.3 -193% 37% 136% ($206,758) $3,343,439 
GE_1.6-82.5 

7.0 -200% 74% 176% $681,904 $5,524,576 
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2.5.2 Variation in Project Installed Costs  

Table 2-11 displays how the variation in installed project costs will affect financial 

payback for a single GE wind turbine.  Even with 20% additional costs the GE 1.6 82.5 

installation still provides substantial economic benefits. 

Table 2-11 
Financial Results for GE 1.6 82.5 with CEC Funding 

with Varying Project Installed Costs 

Net 
Project 
Cost 
Adjustor 

Years to 
Cash Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

80% 2.9 -144% 104% 176% $1,801,188 $6,952,942 

85% 3.3 -153% 99% 176% $1,618,821 $6,720,216 

90% 3.8 -162% 94% 176% $1,436,455 $6,487,490 

95% 4.4 -171% 89% 176% $1,254,088 $6,254,765 

100% 5.2 -180% 84% 176% $1,071,722 $6,022,039 

105% 6.0 -190% 79% 176% $889,355 $5,789,313 

110% 6.9 -199% 74% 176% $706,988 $5,556,587 

115% 7.9 -208% 70% 176% $524,622 $5,323,862 

120% 8.9 -217% 65% 176% $342,255 $5,091,136 

 

2.5.3 Variation in Borrowing Interest Rate  

Table 2-12 displays how the variation in borrowing costs will affect financial payback for 

a single GE wind turbine.  Payback is sensitive to borrowing rates, not a surprise for a 

capital intensive with a 15 year assumed borrowing term.  Lower interest rates may be 

available via a competitive low-interest revolving fund for water related infrastructure.  

Higher interest rates could occur with an increase in economic activity or the dollar 

losing value compared to other currencies.   
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Table 2-12 
Financial Results for GE 1.6 82.5 with CEC Funding 

with Varying Borrowing Costs 

Borrowing 
Interest 

Rate 

Years to 
Cash Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 0  

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

1.0% 2.6 -133% 95% 176% $1,804,356 $6,818,155 

2.0% 3.2 -150% 91% 176% $1,537,944 $6,528,658 

3.0% 4.2 -167% 87% 176% $1,271,531 $6,239,162 

3.75% 5.2 -180% 84% 176% $1,071,722 $6,022,039 

4.0% 5.5 -185% 83% 176% $1,005,118 $5,949,665 

5.0% 7.0 -202% 79% 176% $738,706 $5,660,168 

6.0% 8.4 -219% 75% 176% $472,293 $5,370,671 

 

2.5.4 Sensitivity to Cost of Energy  

Table 2-13 displays how the variation in energy costs will affect financial payback for a 

single GE wind turbine.  Payback is very sensitive to energy costs.  Thus a dramatic 

drop or rise in energy costs would greatly affect project payback.  Interestingly, one 

could consider a wind turbine a fixed price hedge against energy price volatility for DWD 

rate payers.  Fluctuation of energy price increases and decreases will be buffered by the 

installation of a wind turbine.  
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Table 2-13 
Financial Results for GE 82.5 1.6 with CEC Funding 

with Varying Cost of Energy 

Net 
Energy 
Cost 
Adjustor 

Years to 
Cash Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

80% 
10.5 -226% 54% 169% $48,989 $3,640,412 

85% 
8.7 -212% 63% 171% $304,672 $4,235,819 

90% 
7.3 -201% 71% 173% $560,355 $4,831,225 

95% 
6.1 -190% 78% 174% $816,038 $5,426,632 

100% 
5.2 -180% 84% 176% $1,071,722 $6,022,039 

105% 
4.4 -172% 90% 177% $1,327,405 $6,617,446 

110% 
3.9 -164% 95% 178% $1,583,088 $7,212,852 

115% 
3.5 -157% 100% 179% $1,838,771 $7,808,259 

120% 
3.2 -150% 104% 180% $2,094,454 $8,403,666 

 

2.5.5 Sensitivity to Net Metering Availability  

As described above availability of net metering is not a sure thing.  Table 2-14 displays 

financial payback for a single GE wind turbine with and without net metering.  The 

availability of net metering is crucial for the DWD project.  The Massachusetts Energy 

Reform Siting Act (which got through a joint committee, but failed to come to a floor vote 

before the last legislative session ended on July 31, 2010), included changes that would 

set aside 2% of peak load (e.g., 100 MWs) of renewable projects in the NSTAR service 

territory for municipal projects49.  This would provide much greater assurance that net 

metering would be available when the project was built.  

                                                
49 See http://www.malegislature.gov/bills/billtext/9150   
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Table 2-14 
Financial Results for GE 1.6 82.5 with CEC Funding 

with and without Net Metering 

Net 
Metering 
Eligible 

Years to 
Cash Flow 

Positive 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
0 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
10 

Net 
Benefits 
as % of 
Electric 

Bill: Year 
20 

NPV-10 
Years 

NPV-20 
Years 

Yes 5.1 -177% 6% 93% $1,031,133 $5,738,423 

No 15.6 -177% -58% 29% ($596,236) $1,948,785 

 

2.6 Conclusions  

A wind turbine installation has the potential for financial and environmental benefit to the 

Dennis Water District.  The estimated financial results shown above indicate a wind 

turbine in 1.5 MW class would meet the DWD’s goal of substantially reducing its electric 

costs while simultaneously paying for the turbine financing, ongoing and reserve costs. 

2.6.1 Next Steps  

·  Come to a decision on whether or not to pursue the project further 

·  Decide upon installation size and machine to pursue 

·  Engage in Old Kings Highway “Certificate of Appropriateness”” process as it is 

the biggest hurdle to the DWD permitting 

·  Engage a project management team to act as owner’s engineer for the design 

and construction steps 

·  Apply for the Block 5 CEC Design and Construction grant 

·  Finalize turbine location via civil engineering 

·  Engage Town and local stakeholders and establish a preliminary path to 

acquiring a building permit. 

·  Proceed to permitting, design, engineering and construction 
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A. Endangered Species Review 

 



Page 90 of 100 
 

 
Dennis Water District Wind Turbine Feasibility Study 

September 2010 
 

 

 



Page 91 of 100 
 

 
Dennis Water District Wind Turbine Feasibility Study 

September 2010 
 

 



Page 92 of 100 
 

 
Dennis Water District Wind Turbine Feasibility Study 

September 2010 
 

 



Page 93 of 100 
 

 
Dennis Water District Wind Turbine Feasibility Study 

September 2010 
 

B. Conservation Commission Letter 
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C. Wind Resource Assessment Specifics 

Below is a list of detailed information relating to the wind resource assessment 

conducted between the Green Thumb Energy site and the Dennis Water District 

Greenbelt. 

·  Measurement Site  

• Wind shear was calculated using a standard power law calculation 

accounting for the following adjustments: 

�  Monthly averaging of wind speeds – because not all months were 

equally represented during the lifetime of the met install 

�  A displacement height of 10m = (2/3) * 15m for trees adjacent to 

meteorological tower. 

�  Only making use of wind speed measurements of >4 m/s 

• Using Windographer’s best fit power function under the criteria listed 

above, we reach an average annual power law exponent of �  = 0.312.  

Steps involved in forming this calculation are displayed in Table C-1.  This 

shear factor is applied both to P50 and P90 calculations throughout the 

wind resource assessment and input into WindFarm. 

Table C-1 
Monthly Wind Speed Averages (m/s) with  

Power Law Calculation 
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·  Long-Term Wind Conditions 

• Data from the Barnstable Municipal Airport are acquired from the 

Northeast Regional Climate Center at Cornell University which is 

responsible for maintaining long-term data sets for all airports in the 

Northeast.  Boreal attempted to gather information on the long-term 

weather station located at the Barnstable Municipal Airport by contacting 

the Airport, the local FAA office, the regional National Weather Service 

office in Taunton, and Airnav.com.  None of these entities maintain data 

on specific weather stations such as that at HYA.  The data were 

inspected by Boreal technicians for discontinuities and changes over time 

and none were found.  This lack of information is factored into the wind 

resource uncertainty analysis in Section 1.2.6. 

·  Wind Resource Profile Details  

• Tabular listings of the data recorded at the Green Thumb site are shown 

in below.  Please note that these listings are not corrected for missing 

data periods. 

Table C-2 
Tabular Frequency Distribution of Data Recorded at Green Thumb Site 
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• No major obstructions exist at either the met mast site or the proposed 

wind turbine sites. 

• Risks related to the site’s wind resource: 
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�  As shown in the shear calculation above, noteworthy shear is 

present at the site as is there at any installation inland in 

Massachusetts.  The impacts of this shear on the long-term life 

cycle of a utility-scale turbine are not yet known.  To adjust for 

potential large part replacements, the financial analysis in this 

report has assumed the use of some turbine-generated revenue 

towards a sinking fund. 

�  Turbulence intensity at the Green Thumb site averaged 21.2% 

and 20.4% at the two 50m anemometers.  This average is 

expanded to all wind speed bins in Figure C-1 below.  As shown, 

the wind speeds at 50m exceed IEC Category A thresholds.  The 

average value of 21.2% has been used for WindFarm modeling. 

Figure C-1 
Turbulence Intensity for 50m WNW Anemometer 
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�  Hurricanes are a risk for the wind turbine installation.  The 7th 

Edition of the Massachusetts building code revised some 

structural requirements, including the ability to survive excessive 

wind speeds.  A wind turbine installed in Dennis will have a 

requirement of withstanding a 3-second wind gust of 120 mph50.  

�  For two-turbine scenarios, the Garrad Hassan model is used to 

calculate wake-added turbulence.  This is a standard calculation 

method within WindFarm. 

�  Based on Boreal’s work with sites throughout the Commonwealth, 

there are not any major impediments to a wind turbine installation 

caused by the wind resource present at the Greenbelt. 

• Tower shadowing is not an issue for the Green Thumb data.  The tower’s 

instrumentation was installed on 60” booms and therefore maintained a 

safe distance from tower wake.  The Figure C-2 below shows ratios of the 

two 50m anemometers for every 10 minute interval recorded.  As there 

are no visible trends away from a 1:1 ratio between the two 

anemometers, we conclude no tower shadowing is present at the site.  

Similar conclusions were reached using 30m and 40m data as well. 

                                                
50 http://www.mass.gov/Eeops/docs/dps/inf/780CMR-1/780016.pdf   
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Figure C-2 
Ratio of Two 50m Wind Speed Around Compass Rose 

 

·  Horizontal Extrapolation 

• WindFarm software performs the horizontal extrapolation of the wind 

resource data compiled and derived through the steps stated above.   

• A variety of roughness heights are present on the mid-Cape.  The 

WindFarm model incorporates the following classes at the corresponding 

roughness heights (r =): 

�  Open Water (Class 0):   0.002 

�  Tidal Marshland (Class 1):   0.05 

�  Grass and Farmland (Class 2):  0.1 

�  Wooded Area (Class 3):   0.6 
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�  Fully-developed lands (towns & suburbs) 0.8 

Coloration of USGS topo maps and visual inspection through aerial 

maps  was used to determine land classification within these 5 

categories.  These categories are specified in the WindFarm manual 

for their roughness classifications. 

 


