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Abstract and Keywords 

The Falmouth Hospital is geographically well situated for a wind turbine development 

with ample wind resources.  The property has available space for the construction of a 

wind turbine.  However, abutter impacts occur at the analyzed locations that may require 

easements or potentially, other regulatory solutions.  

There are likely no significant impacts on the local environment from the turbine and it 

can be permitted at the local, state and federal levels.  However, the Town of Falmouth’s 

Zoning Bylaws require additional legal interpretation.  While Falmouth has a specific 

article relating to windmills, it was developed in 1981 and may require revisions to 

facilitate the introduction of wind power.   

The Hospital consumes about 7,000,000 kWh per year, has an average peak demand 

over 1,000 kW, with significant off-peak consumption.  These factors combined with 

electric rates over 9 ¢/kWh, renewable energy certificates selling at over 4 ¢/kWh, and 

the potential for significant grants provide opportunity for financially beneficial wind 

turbine ownership by either the Hospital or a third-party .   

Financial analysis for turbine configurations show internal rates of return (IRR) of 50% 

($170,000 per year) or more for many Hospital ownership scenarios.  In scenarios with 

third-party ownership the Hospital could easily save $75,000 per year or more on 

electricity costs. 
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Executive Summary 

This study analyzes the feasibility of installing a wind turbine on Falmouth Hospital 

property in order to economically serve the Hospital with a fraction of their electricity 

requirements.  The major portions of the study included a wind resource assessment, a 

wildlife and avian assessment, a photo simulation, a regulatory and permitting analysis, 

an assessment of the physical feasibility of transporting, staging and erecting a wind 

turbine on Hospital grounds, and a financial analysis.  The bottom line is the installation 

of a utility scale wind turbine is possible (500 kW to 2000 kW in nameplate capacity), 

and would provide great financial benefits to the hospital.  Some highlights of issues and 

findings follow.  

 

Site Layout 

·  The three parcel site is well developed and fairly constrained in terms of potential 

locations for wind turbine development.  In our site alternative evaluation, Site A 

is marginally better for turbine placement versus Site B.  In either location, 

abutter property and/or public ways are located within potential wind turbine fall 

zones.   

Energy Infrastructure & Consumption 

·  There is more than sufficient consumption to justify a wind turbine over 1000 kW.   

Engineering and Interconnection Requirements 

·  An installation wind turbine would not affect the current configuration of 

emergency back-up.  The wind turbines would only displace traditional utility 

distributed kWh; they are not envisioned to provide emergency back-up service 

and they will not allow the Hospital to no longer procure electricity over the 

NSTAR distribution system.  

Environmental Resource Assessment 

·  There are likely no significant impacts on the local environment from constructing 

a single wind turbine.   
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·  Additional detailed studies of breeding birds at the project site and further 

conversations with state resource management agencies are recommended prior 

to finalizing an impact finding.   

·  Post development monitoring studies, such as carcass surveys, using current 

state-of-the-art protocols are beneficial to determine the actual direct impacts of 

the wind turbine on birds and would add significant value to making future 

determinations about single turbine impacts for other projects.   

·  Regional air quality benefits would occur from the wind turbine.  These quantities 

are estimated to be over two tons/yr of CO2, four tons/yr of SO2 and 280 lb/yr of 

NOx from one 1.5 MW wind turbine.   

Permitting 

·  Legal opinion is recommended to provide additional interpretation of the Town of 

Falmouth Bylaws in the following areas: 

o Can a wind turbine’s fall zone be placed  outside of the developer’s land 

with an easement or would it be precluded altogether. 

o  Above ground electric transmission wires may be warranted for certain 

site conditions and the current bylaw language precludes this.   

o Clarify with the town whether there is a height limit for wind turbines  

·  Boreal recommends that if there are any required Falmouth Zoning Bylaw 

changes they be crafted to facilitate and streamline the approval process for the 

introduction of wind power due to its benefits for the protection of public health 

and the environment as compared to existing generation technology. 

·  MassHighway load and height limits for State highways for two vendors’ utility-

scale turbines are exceeded requiring independent civil engineering evaluation 

relating to transport during the design phase. 

·  All other local, state and federal regulatory approvals are anticipated to be readily 

obtainable during the design phase. 

Economic Feasibility Analysis 

In January 2003 NSTAR / Cape Light Compact default service prices for the generation 

portion of the bill were 4.986 ¢/kWh.  Today the default service price is 7.169 ¢/kWh.  
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This change alone translates into an increase in electricity costs of $150,000 per year for 

the Hospital.  A wind turbine, by supplying half the electricity consumed at Falmouth 

Hospital and the sale of Renewable Energy Certificates can provide the Hospital with 

$180,000 or more in benefits per year.   

Falmouth Hospital has an unusual combination of superior wind resources, high electric 

consumption, and high electric rates to make the installation of a wind turbine a great 

financial benefit.  The Hospital has many options to consider.   

From a financial standpoint a larger wind turbine (1.5 MW or greater in size) provides 

much better returns than a smaller turbine (less than 1.0 MW in size) because of the 

increased electricity production of larger turbines, the taller towers on which they sit to 

capture better winds, the large economies of scale in procurement costs, the large fixed 

costs for installing the turbine, and the economies of scale of operations and 

maintenance costs.  

The financial benefits of a larger wind turbine is optimized by avoiding retail rates (~9 

¢/kWh) and not selling excess power into the lower valued wholesale market (~5 ¢/kWh).  

This in the end has little impact on the aggregate financial results, as even for the largest 

turbine only a quarter of the turbine output would be sold on the wholesale market.  Also 

it is immaterial whether a MWh of production is consumed on-site or sold wholesale; it 

still creates a REC (~5 ¢/kWh in the near term). 

The internal rate of return over the 20 year lifetime of the project a is estimated to be 

36% for a GE 1.5sl ($151,000 / year) and 33% ($149,000 / year) for a Vestas V80 under 

the base case Hospital ownership scenario with no grants.  Such an installation also 

would provide a hedge against ever increasing electricity costs.  

A third-party owning the turbine is a viable alternative to Hospital ownership.  In the 

simplest model the Hospital would pay for output from the turbine consumed on-site at a 

fixed price.  This would provide immediate savings to the Hospital, preserve capital for 

other projects, and hedge against volatile electricity costs.  A base case estimates 

$75,000 in savings for the Hospital per year, and provides ample payback to the third-

party.  The actual savings could be much higher depending on what terms the Hospital 

negotiated with the third-party owner.   

It is very likely that the Hospital or a third-party could receive grants to defray a 

substantial portion of their capital costs (up to 50% for the Hospital).  We estimate this 
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could increase the 20-year IRR from 36% to potentially 118% ($194,000 / year) on a 

Hospital owned turbine.   

The sensitivity analysis showed the financial returns most sensitive to wind resources, 

then capital investment costs and retail generation prices, and least sensitive to interest 

rate fluctuations.  If the Hospital decides to pursue an on-site turbine these factors 

should be watched closely or further corroborated.   
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1 Site Evaluation  

1.1 History 

Falmouth Hospital opened May 2, 1963, with a capacity of 58 beds. A third floor was 

completed in 1969 and a fourth floor shell constructed which increased the capacity of 

the hospital to 88 beds and a 12 bassinet nursery. 

Two other additions occurred in 1971 and 1976 which included medical facilities, new 

business offices, and a helicopter landing pad. 

In 1977, the hospital completed a $3.3 million expansion of its emergency services and 

the x-ray and laboratory departments.  In 1983, a new $14 million expansion program 

occurred.  At the same time the existing fourth floor shell was completed. 

In 1996, Falmouth Hospital completed a $9 million expansion with the construction of the 

Constance B. Faxon Outpatient Surgery and Maternity Center.  The center houses our 

new Maternity Center, Surgery Center, Outpatient Testing, Women©s Health Resource 

Center and Community Health Education Center.  

A proposed building addition is currently under construction and is located to the eastern 

side of the building. Additional parking will also be built along the eastern part of the 

property and to the north and west adjacent to a wooded knoll. The expansion is 

expected to be completed in 2006.  

The study area also includes the affiliated properties of JML Care Center and the 

Falmouth Assisted Living complex, all owned by Falmouth Hospital. 

1.1 Site Layout 
Falmouth Hospital is located just west of Palmer Avenue (Route 28) just south off of Ter 

Heun Drive.  The site is characterized by developed buildings, parking lots, a heliport, 

landscaped areas and hilly, wooded glacial deposits.  Buildings are spread over two 

separate main campus areas of the Falmouth Hospital and the JML Care Center 

oriented east/west which are separated by parking areas, landscaped vegetation, non-

contiguous small groves of mature trees and a heliport. 

Site investigation will look at abutting properties and the potential of placing a turbine 

within the fall zone of an abutter. 
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1.1.1 Property Boundaries, Topography   
The Falmouth Hospital occupies the largest parcel of the study area of 21.02 acres in 

size.  It sits on slightly elevated terrain relative to the bordering parcels and contains the 

main hospital building and additions and is rectangular in shape.  To the west is another 

triangular shaped parcel containing the JML Care Center, and is 6.27 acres in size.  The 

third parcel reviewed in the study is occupied by the and Heritage at Falmouth (Falmouth 

Assisted Living Complex) is 9.45 acres in size. [See Figure 1-1, site plan] 

The Falmouth Hospital parcel is well drained and stormwater runoff flows to a detention 

pond on the eastern border of the property where elevation drops off to approximately 75 

ft .  The elevation of the main hospital building is at 100 ft msl.  From the roof of the 

hospital, expansive views exist of Cape Cod, Martha’s Vineyard, and Nantucket Sound. 

There is a narrow, wooded knoll (esker) rising to the northwest of the hospital to an 

elevation of 110 ft.  This knoll runs northeast/southwest and extends approximately 250 

ft from the northwest corner of the hospital building towards Ter Heun Drive.  This knoll 

is identified as Site A on Figure 1-1 and will be discussed more fully in Section 1.5 

Beyond this knoll elevation drops off slightly to a series of four, parking areas separated 

by landscaped islands.  This parking area is bounded to the west by the heliport.  To the 

south of the heliport is another slight wooded knoll and rise in topography to about 100 

ft.  A small pond and wetland area is located beyond this knoll between the heliport and 

the Bramblebush Medical Arts Center to the south.  Further west/southwest within an 

undeveloped wooded buffer area is an old stone wall running east/west delineating the 

property line between the JML Care Center and the undeveloped open-space of the 

Town of Falmouth conservation land.  This wooded buffer area is identified as Site B on 

Figure 1-1 and will be discussed more fully in Section 1.5 

1.1.2 Abutters  
The Falmouth Hospital is bordered to the north by Ter Heun Drive and beyond that by 

the Visiting Nurse Association.  To the west of the JML Care Center, is Gosnold, a 

mental health and a substance abuse treatment center (not part of Falmouth Hospital).  

To the south is the Bramblebush Medical Arts Center which houses many physicians© 

offices, and to the southwest is conservation land owned by the Town of Falmouth.  

South beyond the Bramblebush Medical Arts Center is located the Falmouth Academy.  

To the east is an inactive railroad easement owned by the Massachusetts Bay 
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Transportation Authority and beyond, there are two residences located to the east/ 

southeast of Falmouth Hospital between the railroad tracks but prior to Palmer Avenue.   

Figure 1-1 
Preliminary Site Plan  
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The rail line has been approved for an extension of the Shining Sea Bike Path.  A portion 

of the eastern boundary is bisected by a 100 ft wide easement of the Commonwealth 

Electric Company [a/k/a NSTAR].  This easement enters from the south and runs north.  

The easement turns east/northeast crossing Palmer Avenue approximately 240 ft south 

of Ter Huen Drive.  There are various other easements for site utilities and driveways. 

1.1.3 Wind Resources  

For this study, Regional Earth System Predictability Research (RESPR) was employed 

to conduct a custom modeling of wind resources at the Hospital site based on calendar 

year 2003 data at six hour intervals.  This estimation has three major benefits.  First, it 

provides a corroborating estimation of wind resources at the Hospital site using 

alternative methodology.  Second it provides estimates of wind resources that can be 

translated into hourly electricity production from a wind turbine.  Third it provides 

information to pick the most appropriate wind turbine configuration.  In the Section 2, 

Economic Feasibility Analysis, these estimates are combined with the Hospital’s NSTAR 

tariff structure, hourly energy consumption, and the ISO-NE’s hourly wholesale prices to 

produce estimate of the financial benefits for various wind turbine configurations. 

The wind resource maps, produced by TrueWind Solutions (now AWS TrueWind) and in 

part sponsored by the MTC, show the Falmouth Hospital site has excellent wind 

resources of approximately 7.5 m/s (16.8 mph) at 70 meters (224 ft) (see Figure 1-2)1, 

corroborates the findings of RESPR.  Except for Cape Cod, land based areas in 

Massachusetts with estimated wind resources over 7.0 m/s (15.7 mph) at 70 meters are 

very uncommon.  For many proposed wind turbine feasibility study investigations 

anemometers are employed to gather long term wind speed data to reduce the risk that 

adequate wind is not present.  However, since existing wind resources are predicted to 

be excellent, Boreal recommended a sophisticated computer modeling approach to 

complement the data contained within the TrueWind resource maps versus anemometer 

measurement.  While anemometer data are valuable, it still only provides a snapshot of 

the wind resources during the data specific acquisition period and may not necessarily 

provide any better long-term accuracy than computer modeling approaches.   

                                                 
1  See for example, 

http://truewind.teamcamelot.com/bin/TrueWind.dll?Sector?Area=NE&State=MA&Z=70&Map=?57

7,356  
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Figure 1-2 
Map of Wind Speeds at 70 Meters  
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All maps and images are Copyright 2003, by TrueWind Solutions, LLC 
Funding provided by the Connecticut Clean Energy Fund, Massachusetts Technology Collaborative, and Northeast Utilities 

System  

 

1.1.3.1 Methodology 

RESPR employed a version of the Regional Atmospheric Modeling System (RAMS) to 

estimate the wind resources during calendar year 2003.  The foundation of the modeling 

was ~12-km horizontal resolution model data sets; these data sets are for six hour 

intervals and available from the National Centers for Environmental Prediction (NCEP).  

These were used to develop the yearlong wind assessment.  The data sets can be 

envisioned as stacked tiles ~12km square with varying depths.  “Soundings” 

(measurements) are performed on each stack at six hour intervals.  Using these 

soundings, the model then estimates the wind speeds down to 1 km resolution near the 

Hospital for 2003 by:  

·  Taking into account the wind speed, air pressure density, water vapor, etc.;  

·  Non-linear interpolation of the ~12km square stacked tiles, taking into account 

the topography at 1 km; 

·  Making physical adjustments; and, 

·  Correcting for interpolation and excessive surface drag effects.   

More detail on the RESPR Methodology can be found in Appendix A.   

1.1.3.2 2003 Modeling Results  

The modeling estimated an 2003 annual wind speed at 67 meters of 6.5 m/s ±2%.   

A summary of the wind resource modeling results are shown in Table 1-1 and Figure 

1-3.   

Table 1-1 
Model of Average 2003 Wind Speeds (m/s) at 67 Meters  

Hour 
ending 

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

1 7.1 7.4 6.2 6.6 5.2 5.6 6.1 6.1 4.9 7.0 7.4 9.0 6.6 

2 7.1 7.2 6.2 6.6 5.2 5.5 5.9 6.0 4.9 7.1 7.4 8.8 6.5 

3 7.1 7.1 6.1 6.5 5.1 5.3 5.6 6.0 4.9 7.3 7.3 8.7 6.4 
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Hour 
ending 

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

4 7.0 6.9 6.0 6.4 5.1 5.2 5.4 5.9 4.9 7.4 7.3 8.5 6.3 

5 7.1 7.0 6.0 6.4 5.1 5.1 5.1 5.9 4.9 7.5 7.2 8.6 6.3 

6 7.1 7.1 6.0 6.4 5.1 5.0 5.0 5.8 4.8 7.3 7.0 8.6 6.3 

7 7.1 7.1 6.0 6.5 5.2 4.9 4.9 5.6 4.8 7.1 6.9 8.7 6.2 

8 7.2 7.2 6.0 6.5 5.2 4.8 4.8 5.5 4.7 6.9 6.8 8.7 6.2 

9 7.2 7.3 6.0 6.6 5.2 4.7 4.8 5.3 4.6 6.7 6.7 8.7 6.1 

10 7.2 7.4 6.0 6.6 5.2 4.6 4.7 5.2 4.5 6.4 6.6 8.8 6.1 

11 7.1 7.3 6.1 6.7 5.2 4.5 4.6 5.1 4.5 6.2 6.6 8.8 6.1 

12 7.1 7.2 6.3 6.7 5.4 4.7 5.0 5.3 4.6 6.4 6.7 8.8 6.2 

13 7.0 7.2 6.4 6.8 5.6 4.9 5.4 5.5 4.8 6.5 6.8 8.8 6.3 

14 6.9 7.1 6.6 6.8 5.8 5.0 5.7 5.7 5.0 6.6 6.8 8.8 6.4 

15 6.8 7.0 6.7 6.8 5.9 5.2 6.1 5.9 5.1 6.7 6.9 8.8 6.5 

16 6.7 7.0 6.8 6.9 6.1 5.4 6.5 6.2 5.3 6.9 7.0 8.9 6.6 

17 6.8 7.1 6.8 6.9 6.3 5.5 6.9 6.4 5.4 6.9 7.1 9.0 6.8 

18 6.9 7.2 6.8 6.9 6.1 5.6 6.8 6.3 5.4 6.9 7.2 9.1 6.8 

19 7.0 7.3 6.8 6.9 5.9 5.7 6.8 6.3 5.3 6.9 7.3 9.2 6.8 

20 7.1 7.4 6.7 6.8 5.7 5.8 6.7 6.2 5.2 6.8 7.4 9.4 6.8 

21 7.2 7.5 6.7 6.8 5.5 5.9 6.6 6.2 5.1 6.8 7.5 9.5 6.8 

22 7.3 7.5 6.7 6.8 5.3 5.9 6.6 6.1 5.0 6.8 7.6 9.6 6.8 

23 7.3 7.4 6.6 6.7 5.1 6.0 6.5 6.0 5.0 6.8 7.5 9.4 6.7 

24 7.2 7.3 6.5 6.7 5.2 5.8 6.3 6.0 5.0 6.9 7.5 9.3 6.6 

Average 7.1 7.2 6.4 6.7 5.5 5.3 5.8 5.9 4.9 6.9 7.1 8.9 6.5 
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Figure 1-3 
 Model of Average Falmouth Hospital 2003 Wind Speeds (m/s) at 67 Meters 
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1.1.3.3 2003 Compared to Long Term Averages  

As this study uses the Falmouth Hospital 2003 modeled wind speed to project electricity 

production and financial payback of a wind turbine project, it is important to understand 

how the 2003 wind resources compare to long term averages.  Figure 1-4 provides one 

set of comparisons; displaying together Falmouth Hospital 2003, Providence, RI 2003, 

and Providence, RI long term average monthly wind speeds.  The Falmouth Hospital 

and Providence, RI 2003 monthly averages essentially parallel each other with a 

correlation of 80.3%.  The long term average wind speed for Providence, RI is 4.6 m/s 

as was the Providence, RI 2003 average wind speed.  Together, these factors provide 

strong evidence that the annual average wind speeds for Falmouth Hospital in 2003 are 

close to the typical annual wind speeds at the Hospital, and thus are appropriate for 

incorporating into estimations of long term project financial payback.   
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Figure 1-4 
Comparison of Falmouth Hospital and Providence, RI Monthly Wind Speeds 
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1.2 Energy Infrastructure & Consumption 

1.2.1 Infrastructure  

As shown in Figure 1-5, the Falmouth Hospital receives its electrical supply from a three 

phase, 25 kV class, overhead distribution circuit on Ter Huen Drive that is part of the 

NSTAR Electric & Gas Corporation (“NSTAR”) electrical distribution system in Falmouth, 

MA.  The electrical connection from the NSTAR distribution circuit on Ter Huen Drive to 

the Falmouth Hospital consists of overhead conductors supported on wood electric utility 

poles and is referred to as a “lateral circuit.”  The lateral circuit is connected to the 

NSTAR distribution circuit through 25 kV class fuses.  The 25 kV class fuses isolate 

short circuits on the lateral circuit from the rest of the distribution circuit.   

The lateral circuit is supported on wood electric utility poles that are on the Falmouth 

Hospital property.  At a utility pole that is two (2) overhead spans from Ter Huen Drive 

and adjacent to the hospital, the overhead lateral circuit conductors are connected to 25 
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kV insulated cables.  The electric utility pole where the transition to the cables is made is 

referred to as a “riser pole.”    

Figure 1-5 
Falmouth Hospital Existing Electrical Supply Diagram 

 

The 25 kV insulated cables are enclosed in a conduit that runs down the riser pole and 

underground to three (3) NSTAR PME-5 padmount distribution switches.  The PME-5 

switches are enclosed in locked, tamper proof enclosures mounted on a concrete pad.  

Each PME-5 switch provides a 25 kV switching and connection point to the underground 

cables and is normally in the closed position. 

Each PME-5 switch is connected to one (1), outdoor, three phase, padmount 

transformer that is located directly in front of the switch.  There are a total of three (3) 

padmount transformers and each is used to convert the 25 kV class distribution circuit 

voltage (the “primary voltage”) to the appropriate hospital utilization voltage (the 

“secondary voltage”).  Two (2) of the transformers have a secondary voltage of 208/120 

volts and one (1) of the transformers has a secondary voltage of 480/277 volts.   The 

amount of electricity that is supplied from NSTAR to the Falmouth Hospital is measured 

by NSTAR revenue metering equipment that is located at the secondary of each of the 

three (3) padmount transformers. 
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According to the Falmouth Hospital electrical one line drawings, each of the three (3) 

padmount transformers supplies separate and distinct main electrical switchboards 

within Falmouth Hospital.  The main switchboards supply the electrical loads within the 

Falmouth Hospital.  In addition, there are electrical loads that must be supplied if there is 

a power outage or if the normal electric utility supply is out of service for any reason.  

These critical loads are supplied by one of the two (2) standby generators through 

automatic transfer switches (“ATS”) that will automatically connect to one of the standby 

generators upon loss of the normal supply.  Only the electrical loads that are connected 

to the automatic transfer switches will be supplied by the standby generators.   

NSTAR owns all of the 25 kV class electrical supply facilities to the Falmouth Hospital up 

to and including the padmount transformers and revenue metering facilities.   

1.2.2 Electricity Consumption  

Falmouth Hospital resides in NSTAR’s Commonwealth Electric service territory.  As part 

of this feasibility study, the Hospital requested historic electricity consumption data.  

NSTAR delivered four years of summary monthly and two years of 15 minute 

consumption data that has been processed and used in the balance of the analysis.   

1.2.2.1 Annual and Monthly Patterns 

The Hospital’s electricity consumption follows very predictable patterns.  Table 1-2 

shows the previous four years of electricity consumption based on NSTAR billing 

month2.  On average Falmouth Hospital consumes about 6.7 million kWhs annually3.  

The consumption peaks in the summer and hits a nadir in the winter.  Figure 1-6 shows 

this relationship graphically.  While this is the opposite pattern of the wind resources, 

which hit their peak in the winter.  Nonetheless as is detailed below, sufficient average 

consumption and wind resources are present to enable financial benefit to the hospital 

from a wind turbine installation.   

                                                 
2 The NSTAR billing month does not exactly correspond with the calendar month, as it has been 

historically associated with the meter read date.   

3 While rates vary significantly from year-to-year and depend on consumption patterns (e.g., peak 

kW demand, hour of day at which electricity is consumed), using conservative assumption of all-

in-costs of 10 cents / kWh, Falmouth Hospital’s annual electricity charges are about $700,000.   
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Table 1-2 
Historic Monthly Electricity Consumption (kWh) 

Month 2001 2002 2003 2004 Average 

Jan 419,400 388,200 441,960 446,040 423,900 

Feb 400,200 425,400 416,341 428,460 417,600 

Mar 387,600 409,801 387,000 393,361 394,441 

Apr 442,200 511,800 446,280 506,460 476,685 

May 516,600 484,200 548,100 502,980 512,970 

Jun 631,201 589,800 536,280 623,760 595,260 

Jul 706,199 844,800 795,060 877,260 805,830 

Aug 684,001 700,801 809,701 772,680 741,796 

Sep 643,800 745,800 748,740 605,273 685,903 

Oct 543,599 661,200 557,281 694,261 614,085 

Nov 473,999 580,800 620,940 513,480 547,305 

Dec 475,800 503,399 498,359 594,600 518,040 

Annual 6,324,599 6,846,001 6,806,042 6,958,615 6,733,814 
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Figure 1-6 
Historic Monthly Electricity Consumption (kWh) 
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1.2.2.2 Daily and Hourly Patterns 

Falmouth Hospital’s consumption patterns follow predictable diurnal patterns as well.  

Consumption is relatively stable with minimum consumption over the year averaging 700 

kWh / hour and peak consumption averaging 900 kWh / hour on weekdays (see Figure 

1-7).  During prime working hours (9 am to 5 pm) weekend consumption is 

approximately 90% of weekday consumption.  As shown above, consumption varies 

greatly by season.  The next two figures show the Hospital’s average energy 

consumption by month and hour for weekdays (Figure 1-8), and weekends (Figure 1-9).  

As can be seen, the Hospital’s electricity demand is likely driven by air conditioning, and 

other day time activity, as well as potentially higher occupancy rates in the summer.  

Average summer consumption is approximately twice that of average winter 

consumption for all hours.   
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Figure 1-7 
Average 2003 Electricity Consumption (kWh) by Day Type 
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Figure 1-8 
Average 2003 Weekday Electricity Consumption (kWh) by Month & Hour 
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Figure 1-9 
Average 2003 Weekend Electricity Consumption (kWh) by Month & Hour 
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1.2.3 Potential Wind Turbine Configurations 

Many wind turbine configurations are possible for the Falmouth Hospital site.  Assuming 

no physical, technical, environmental, community and regulatory constraints, the 

optimum configuration will maximize the financial benefit to the hospital.  Two major 

offsetting considerations: 

I. Wind turbines have considerable economies of scale for both purchase and 

installation costs.  A 1000 kW wind turbine will produce at least twice as much 

energy as a 500 kW turbine for much less than twice price4.  All things being 

equal it is financially beneficial to install a bigger rather than smaller turbine. 

                                                 
4 It likely will produce more than twice the energy because it will be installed on a higher tower, 

and capture wind blowing at a higher speed.  
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II. As discussed in more detail below in Section 2.2, the Hospital will earn about 

4¢/kWh more in benefits by consuming the wind turbine’s energy production on-

site, as compared to selling excess production that is not consumed by the 

Hospital into the wholesale electric market.  As the wind turbine increases in size, 

an increasing proportion of the energy production will be sold into the wholesale 

market.  All things being equal, it is financially beneficial to install a wind turbine 

with a nameplate (nominal) kW output so that all of its production can be 

consumed on-site.   

However, all things are not equal.  It is one of the major goals of this analysis to 

understand the tradeoffs between various turbine installation configurations.   

With Hospital consumption almost always above 600 kW, from a financial standpoint, it 

would be less than optimum to install a sub 600 kW wind turbine.  Even with a 1800 kW 

turbine we estimate 73% of the energy production of the would be consumed on-site 

during 2003.   

Besides these financial considerations, a turbine manufacturer must be willing to sell to 

and maintain a single turbine installation.  In New England, which currently has only two 

utility scale wind turbine installations (Hull, MA, and Searsburg, VT, though many more 

installations are in various stages of development including the Cape Cod Community 

College and the Massachusetts Maritime Academy), we know of only four manufacturers 

currently willing to sell and maintain a single turbine in the U.S.:  They are: GE, 

Fuhrländer, Gamesa Eólica (January 2005 - announced a $40 million Pennsylvania 

manufacturing facility) and Vestas.  These manufacturers provide a good range of 

turbines from 600 kW to 2000 kW.  These models can be placed on towers of variable 

heights and sometimes multiple blade lengths and other site specific features (e.g., high 

wind cold environment packages).  We have assumed  the installation of a turbine on the 

smallest tower commonly available for utility scale wind turbines so as to minimize any 

potential community aesthetic concerns, property limitations and abutter constraints.   

 

Table 1-3 
Models Available in U.S. in 600 kW to 2000 kW Range 

Manufacturer / 
Model 

Nominal kW Hub Height 
Meters (Feet) 

Top of Blade 
Height Meters 

(Feet) 

Included in 
Balance of 
Analysis 
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Manufacturer / 
Model 

Nominal kW Hub Height 
Meters (Feet) 

Top of Blade 
Height Meters 

(Feet) 

Included in 
Balance of 
Analysis 

Fuhrländer / FL-
600 

600 kW 50 (197) 75 (246) No 

Vestas / V-47 660 kW 50 (197) 73.5 (282) Yes 

Fuhrländer / FL-
800 

800 kW 53 (174) 77 (253) No 

Gamesa / G52 800 kW 44 (144) 70 (230)  No 

Vestas / V-52 850 kW 60 (197) 86 (282) No 

Fuhrländer / FL-
1000 

1000 kW 73 (239) 102 (335) No 

Fuhrländer / FL-
1000 Plus 

1000 kW 73 (239) 102 (335) Yes 

GE / 1.5 sl 1500 kW 65 (213)  103.5 (339) Yes 

Fuhrländer / FL-
1500  

1500 kW   No 

Gamesa / G80 1800 kW 60 (197) 100 (328) No 

Vestas / V80 1800 kW 60 (197) 100 (328) Yes 

Vestas / V80 – 
2.0 MW 

2000 kW 60 (197) 100 (328) No 

 

1.2.3.1 From Wind to Electricity  

The kinetic energy in the wind is linear function of the air density, and a cubic function 

the wind speed.  So a doubling of the wind speed causes the wind’s kinetic energy to 

increase by a factor of eight.  In practice a wind turbine can not extract and convert all 

the kinetic energy into electrical energy.  The industry standard is to provide power 

curves in order to estimate energy production (or efficiency) for a particular wind turbine 

model.  The standard power curve shows the estimated electricity production at sea 

level air density of 1.225 kg/m3 at 15° C (59° F), at low levels of surface roughness and 

turbulence.  Figure 1-10 provides power curves for the Vestas V-47, Fuhrländer FL-

1000+, GE 1.5 sl, and Vestas V-80 turbine. 

Additional adjustments were made taking into account line losses, surface roughness, 

availability, and air density. 
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The 2003 annual capacity factors, energy production and other statistics calculated for 

each of the turbines at the appropriate hub height is displayed in Table 1-4.  It is industry 

standard is to describe output in terms of capacity factor, which summarizes the site 

specific wind resources combined with the turbine configuration.  Capacity factor is 

defined as the actual (or predicted) MWh production divided by theoretical peak MWh 

production.  The peak output for the GE 1.5 MW sl in an hour is 1.5 MWh (or 1500 kWh).  

So the annual maximum electricity output for a GE 1.5 sl is 13,140 MW (1.5MW * 8760 

hours in a 365 day year).  For the 2003 base-case year, we estimate in 2003 a GE 1.5 sl 

would have produced 3963 MWhs or have had a capacity factor of 30.2% (3963 MWh / 

13,140 MWh).  This is considered excellent by comparison to most sites in 

Massachusetts. 

Inspection of Table 1-4 also shows that even for the largest turbines approximately three 

quarters of the turbine’s output would have been consumed on-site in 2003, and that 

portion would have had the Hospital avoid high retail electricity costs by reducing 

electricity purchased through NSTAR’s distribution by 20% to 60%. 

Figure 1-11 displays how the Hospital’s monthly 2003 consumption and a GE 1.5sl 

production would have interacted.  During the summer months with high consumption 

and low turbine production all of the turbine’s production would have been consumed on-

site.  In the windiest months, January and December, approximately 60% of the turbine’s 

production would be consumed on-site and 40% would be sold into the wholesale 

market.  
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Figure 1-10 
Power Curves for Example Wind Turbines 
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Table 1-4 
Comparison of Energy Production for Example Turbines 

Model  Nominal kW Capacity 
Factor 

2003 Energy 
Production 

(MWh) 

Turbine 
Production 

as % of 
Hospital 

Consumption 

% Turbine 
Production 
Consumed 

On-Site 

Vestas V47 660 24.1% 1,393 20.6% 99.6% 

Fuhrländer 
FL-1000 Plus 

1000 28.0% 2,449 36.1% 90.1% 

GE 1.5sl 1500 30.2% 3,963 58.5% 76.0% 

Vestas V80 1800 25.5% 4,028 59.4% 73.2% 
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Figure 1-11 
Hospital 2003 Monthly Consumption Compared to GE 1.5sl Production 
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1.3 Engineering and Interconnection Requirements 

1.3.1 Electrical 

1.3.1.1 Electrical Interconnection Plan 
The wind turbine generator is proposed to be electrically interconnected to the existing 

25 kV class hospital supply circuit as shown in Figure 1-12.  The wind turbine generator 

operates at a 600 volt class generating voltage so the interconnection facilities must 

include a generator step-up transformer to convert the generator voltage to 25 kV.  The 

generator step-up transformer will have a kVA power rating consistent with the generator 

power rating.   

A 25 kV underground cable circuit will connect the primary of the generator step up 

transformer to the existing hospital supply circuit.  The connection to the existing supply 

circuit will be through a 25 kV switching device that can isolate the wind turbine 

generator from the existing hospital supply circuit.  The 25 kV switching device that will 

be utilized for this project will be a 25 kV Recloser.   
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For a generator rated 2,000 kW, the current carrying requirement of the 25 kV cable 

circuit will be less than 100 amperes and can be accommodated by a #2 AWG, 

aluminum cable circuit.  It is recommended that the cable be installed in an underground 

conduit for physical protection rather than being directly buried.  The location of the wind 

turbine generator relative to the existing 25 kV class hospital supply circuit will determine 

the length of the cable circuit.    

Figure 1-12 
Falmouth Hospital Wind Turbine Generator Interconnection Plan 
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The 25 kV Recloser will be capable of normal switching and fault current interruption.  

The 25 kV Recloser will automatically open upon a signal from protective relays that are 

required by NSTAR for interconnection to their distribution circuit.  The protective relays 

sense abnormal 25 kV circuit conditions that require the wind turbine generator to be 

disconnected from the rest of the 25 kV hospital supply circuit.  The protective relays that 

NSTAR likely will require include over/under voltage relays, over/under frequency relays, 

and overcurrent relays.  NSTAR also may require the 25 kV Recloser to open for certain 

NSTAR circuit conditions as sensed by protective relays within the NSTAR electrical 

system.  This remote open command is referred to as a “transfer trip” command.   

The interconnection facilities also will include a 25 kV class type PME-3 disconnect 

switch for NSTAR manual operation and visible isolation of the wind turbine generator 

from their distribution system.  NSTAR operations personnel will need access to 

manually open and padlock this disconnect switch in the open position to guarantee that 

the wind turbine generator will not energize their 25 kV distribution circuit while they are 

working on it or when they otherwise deem it necessary. 

The proposed wind turbine generator will be interconnected to the existing 25 kV class 

hospital supply circuit rather than to the hospital 208/120 volt or 480/277 volt electrical 

distribution system (see Section 1.3.1.5, Technical Discussion of Interconnection Plan).  

Fault conditions on the wind turbine generator electrical interconnection circuit will be 

sensed by the protective relaying system located at the 25 kV Recloser.  The protective 

relay system will cause the 25 kV Recloser to open and isolate the wind turbine 

generator interconnection circuit from the rest of the hospital supply circuit.  As its name 

implies, the 25 kV Recloser has the capability to automatically reclose after it opens.  

However, the 25 kV Recloser will be set to stay open after being automatically or 

manually opened.  The 25 kV Recloser will require a manual reset and manual closing 

after being opened. 

The loss of the normal electric utility supply will be sensed by the protective relay system 

and cause the 25 kV Recloser to open and disconnect the wind turbine generator from 

the hospital supply circuit.  The 25 kV Recloser will stay open until the electric utility 

supply has been restored.  .  NSTAR will establish operating protocols that dictate when 

the 25 kV Recloser can be reset and manually closed.   

The operation of the standby generators within the hospital 208/120 volt and 480/277 

volt electrical distribution system will not be affected by the interconnection or operation 



 

Final FH Wind Turbine FS Page 1-24 February 25, 2005 

of the proposed wind turbine generator.  Upon the loss of the normal electric utility 

supply, the automatic transfer switches within the hospital 208/120 volt and 480/277 volt 

electrical distribution system will send a start signal to the two standby generators and 

switch over to the standby generators. 

Under normal operations and with sufficient wind, the wind turbine generator will 

automatically start and connect to the existing electric utility system via contactors within 

the wind turbine generator.  As the wind subsides or becomes too excessive, the wind 

turbine generator will automatically stop and disconnect from the electric utility system.  

The wind turbine generator also includes sensors and protective relays that will cause 

the generator to disconnect from the electric utility system and remain disconnected until 

it is reset.  

1.3.1.2 NSTAR Interconnection Requirements 
NSTAR has specific standards and requirements for the interconnection of distributed 

generation such as the proposed wind turbine generator.  The interconnection 

requirements address electrical system protection, revenue metering, operation, and the 

configuration of the primary interconnection equipment.  NSTAR 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.  

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

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

1.3.1.3 NSTAR Revenue Metering Modifications 
To take advantage of the full retail value of the electricity produced by the generator, this 

feasibility analysis will be based on converting the Falmouth Hospital secondary metered 

service (i.e., revenue metering facilities located at the secondary of each padmount 

transformer) to a 25 kV class primary metered service.  As a result of the meter service 

change, NSTAR will require the Falmouth Hospital to purchase the existing NSTAR 

equipment located on the hospital’s side of the proposed new primary meter installation.  

This will include the 25 kV class primary electric cable, the 25 kV class padmount 

switches, and the padmount transformers.  The hospital will be required to operate and 

maintain this equipment after purchase. 

NSTAR was contacted to discuss the proposed primary meter installation.  In their 

December 2, 2004 response, NSTAR offered to begin the engineering and design work 
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associated with the modifications when the hospital completes an NSTAR Work Order 

Request Form and provides a design security deposit of $1,500.  For the purposes of 

this analysis, a cost estimate for the modifications and NSTAR equipment purchase has 

been developed.  As this project moves forward, it will be necessary to authorize NSTAR 

to proceed with their engineering and design work.   

1.3.1.4  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. 

1.3.1.4.1 Generator Step-up 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.  The generator step-up 

transformer shall be a three phase, padmount type, oil filled, self cooled transformer.   

The primary voltage rating shall be consistent with the NSTAR distribution system which 

is 22.8 kV.  To allow flexibility for local voltage deviations that may occur on the NSTAR 

distribution feeder due to normal voltage regulation, the transformer primary winding 

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

from nominal voltage in 2½ % increments. 

The secondary voltage rating shall be consistent with the wind turbine generator voltage 

which is typically in the 600 volt class. 

The three phase power rating of the 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.  Padmount transformers also have standard power 

ratings that should be considered in the specification.  For a 2,000 kW wind turbine 

generator that may operate at a 90% power factor, the generator step-up transformer 

shall be rated a minimum of 2,222 kVA and the next highest standard rating is 2,500 

kVA. 

NSTAR will specify the transformer winding configuration based on the results of their 

system impact study.  Considerations in selecting the winding configuration include 

ground fault current contributions to the NSTAR system for wye ground primary/delta 

secondary transformers, and overvoltage conditions that can occur during primary 

ground faults associated with delta primary/wye ground secondary transformers. 
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The transformer shall be a three phase, padmount type, oil filled, self-cooled 

transformer.  The three phase construction is consistent with the three phase wind 

turbine generator.  Padmount construction is consistent with the existing infrastructure 

and offers the preferred option of dead-front construction.  The transformer shall be oil 

filled and the hospital may prefer less flammable oil at a price premium of approximately 

10% or environmentally safe, seed based, oil at a price premium of approximately 20%.  

The transformer shall be self-cooled by radiators.  

1.3.1.4.2 Power Cable and Conduit 
The power cable associated with the connection from the wind turbine generator step up 

transformer to the 25 kV interconnection point shall be insulated for 25 kV class and 

consist of three, single conductor cables with either aluminum or copper conductors.  

Based on a wind turbine generator power rating of 2,000 kW, the size of the cables shall 

be a minimum of #2 AWG Aluminum. 

The conduit system from the wind turbine generator step-up transformer to the 25 kV 

interconnection point shall consist of underground conduit.  The conduit shall either be  

Schedule 40 PVC that is encased in concrete or galvanized rigid steel conduit.  One (1) 

additional conduit for communications and control of the wind turbine generator also 

should be included in the conduit system.  Depending upon the distance and routing 

from the wind turbine generator to the 25 kV interconnection point, the pulling of the 

cables into the conduits may be facilitated by including handholes or manholes at 

strategic locations.  The locations will also be determined to prevent cable damage and 

exceeding maximum cable pulling tensions/sidewall pressures.  

1.3.1.4.3 25 kV Recloser 
The 25 kV Recloser shall be a three phase device that is capable of interrupting normal 

generator current and the maximum available fault current as contributed by the NSTAR 

distribution system and the wind turbine generator.  A standard interrupting rating for the 

25 kV Recloser is 12,000 amperes of symmetrical fault current at a nominal operating 

voltage of 25 kV.  The 25 kV Recloser shall be rated for a normal continuous current 

carrying rating of 560 amperes which is a standard rating and more than sufficient for up 

to a 2,000 kW generator.  The 25 kV Recloser shall be electrically closed by a high 

voltage closing coil on the source side of the recloser and capable of automatic and 

manual tripping by a self-contained recloser control package and external trip signals. 
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The 25 kV Recloser control system shall be powered by a 24 volt dc battery and charger 

system that is included with the recloser.  An external 120 volt ac supply circuit will be 

provided to the recloser to supply the battery charger and recloser auxiliaries. 

The 25 kV Recloser described above may be provided by a Cooper Power Systems 

Type PWVE padmount recloser. 

1.3.1.4.4 Protective Relay Scheme 
The required protective relays will be specified by NSTAR based on the results of their 

system impact study.  Based on a review of the NSTAR Interconnection Requirements, it 

is anticipated that the protective relay scheme for the wind turbine generator 

interconnection will include over/under frequency relays, over/under voltage relays, and 

overcurrent relays.  All relays shall monitor all three phases and the overcurrent 

protection should include ground overcurrent relaying.  Upon sensing conditions that 

exceed allowable operating limits, the protective relay scheme shall send a trip signal to 

the 25 kV Recloser which shall cause the recloser to open and isolate the wind turbine 

generator from the rest of the 25 kV system. 

NSTAR may also require that the protective relay scheme include transfer trip capability.  

In this scheme, the 25 kV Recloser will receive a trip signal upon the opening of one or 

more NSTAR distribution system switching devices to prevent the wind turbine generator 

from energizing an isolated portion of the NSTAR system (referred to as an “island” 

condition).  The transfer trip signal may be communicated by either radio or fiber optic 

communications from the NSTAR equipment to the 25 kV protective relay scheme which 

will cause the 25 kV Recloser to open. 

The protective relay scheme described above may be provided by a Schweitzer 

Engineering Laboratories Type 351R recloser controller. 

1.3.1.4.5 25 kV PME-3 Disconnect Switch  
The 25 kV PME-3 Disconnect Switch shall be a three pole, group operated, PME-3 type, 

load break switch that is rated 600 amperes continuous current and 400 amperes load 

dropping current.  It should be capable of withstanding the total available fault current 

and a typical rating is 12,500 amperes symmetrical fault current.  The disconnect switch 

continuous and load drop current ratings specified above are more than sufficient for the 

interconnection of up to a 2,000 kW wind turbine generator in the configuration shown in 

Figure 1-12. 
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The disconnect switch handle shall be side mounted and capable of being padlocked by 

NSTAR’s lock in the open position.  The position of the main disconnect switch blades 

shall be capable of being visually observed to allow positive confirmation that the wind 

turbine generator is disconnected from the rest of the 25 kV system. 

The 25 kV PME-3 Disconnect Switch described above can be provided by S&C Electric 

Company.  

1.3.1.4.6 Primary Revenue Metering 
The 25 kV primary revenue metering setup will be as directed by NSTAR.  For the 

purpose of this analysis, the instrument transformers associated with the revenue 

metering are anticipated to be mounted within a padmount enclosure to mitigate the 

visual impact.  The metering enclosure should be located in the vicinity of the existing 

riser pole and the primary 25 kV cables will be routed into the enclosure via underground 

conduits. 

The primary metering setup will include a maximum of three (3) current transformers and 

three (3) potential transformers (insulated for a 25 kV application), a secondary meter 

test switch, and a four quadrant revenue meter.  NSTAR also may require a dedicated 

telephone circuit to be provided as part of the primary revenue metering setup for their 

use.  

1.3.1.5 Technical Discussion of Interconnection Plan 
The wind turbine generator is proposed to be electrically interconnected to the 25 kV 

class hospital supply circuit which offers distinct advantages over the alternatives of 

interconnecting it directly to the hospital 208/120 volt or 480/277 volt electrical 

distribution system.  The 25 kV interconnection plan does not alter the normal flow of 

electrical power within the hospital electrical distribution system, does not change the 

operation of the hospital electrical distribution system, and offers greater flexibility with 

regard to the wind turbine generator power output rating and location.   

The 25 kV interconnection plan allows all electrical equipment associated with the wind 

turbine generator to be completely disconnected from the hospital electrical system at 

any time and can be constructed with minimal disruption to the hospital operations.  The 

25 kV interconnection plan does not affect the existing operation of the standby 

emergency generators and automatic transfer switches located within the hospital 

208/120 volt and 480/277 volt electrical distribution system.    
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Concerns that would have to be addressed with a low voltage (208/120 volt or 480/277 

volt) interconnection to the hospital electrical distribution system include the capability of 

existing equipment to carry increased current levels associated with the wind turbine 

generator operation.  The maximum power rating that is being considered for the wind 

turbine generator is 2,000 kW which is equivalent to approximately 50 amperes at 25 kV.  

While this level of current is easily carried at 25 kV the same power rating is equivalent 

to approximately 2,700 amperes at 480 volts and 6,200 amperes at 208 volts.  These 

levels of current require very substantial conductor sizes and multiple conductors per 

phase.  Additionally, the high current levels create significant voltage drop and power 

losses along the interconnection circuit which limits the distance that the wind turbine 

generator can be from the interconnection point.  

The connection of the proposed wind turbine generator to the 25 kV class electrical 

supply facilities to the Falmouth Hospital offers the advantage of being able to locate the 

generator anywhere on the Falmouth Hospital property without limitation to voltage drop 

and power losses in the interconnection circuits.  The 25 kV interconnection plan is the 

preferred plan to interconnect the proposed wind turbine generator to the existing power 

delivery system of the Falmouth Hospital. 

1.3.1.6 Cost Estimate for Electrical Interconnection  
The following planning accuracy cost estimates have been developed for use in the 

feasibility analysis.  The planning accuracy cost estimates are based on conceptual 

plans of the wind turbine generator 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.  The total 

planning accuracy cost estimate for the electrical interconnection of a wind turbine 

generator rated up to 2,000 kW is $375,000.  

The cost estimate is based on locating the wind turbine generator at a distance of 1,200 

feet from the electrical interconnection.  It is also based on relocating the existing 

secondary metering equipment at the secondary of each of the three (3) existing 

padmount transformers and creating a 25 kV primary revenue metering scheme so the 

hospital can take full advantage of the retail value of the power generated by the wind 

turbine generator.  The cost estimate includes the cost of purchasing the existing 

NSTAR 25 kV equipment and padmount transformers.  

The estimated costs are as follows: 



 

Final FH Wind Turbine FS Page 1-30 February 25, 2005 

·  The installed cost for a 2,500 kVA padmount generator step-up transformer and 

foundation is $48,000. 

·  The installed cost for the 25 kV power cable and conduit based on 1,200 linear 

feet of distance from the wind turbine generator to the 25 kV interconnection 

point is $85,000. 

·  The installed cost for the 25 kV padmount recloser including foundation is 

estimated to be $35,000.  

·  The installed cost for the protective relaying scheme including testing is $7,000. 

·  The installed cost for the 25 kV PME-3 padmount disconnect switch including 

foundation is estimated to be $12,000. 

·  The installed cost for the primary revenue metering equipment including the 

padmount meter transformer enclosure and revenue meter is $25,000. 

·  The estimate of the purchase price for the NSTAR 25 kV equipment and 

padmount transformers is based on the replacement cost of the equipment which 

is estimated to be $88,000. 

·  The balance of the interconnection system plant and miscellaneous 25 kV 

components includes surge arresters, cable terminations, control wiring, and 

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

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

for the major 25 kV interconnection system components which is $75,000.   

1.3.2 Geotechnical  

Boreal reviewed a Geotechnical Report that was prepared by William S. Zoino P.E. for 

the Hammes Company (Falmouth Hospital contractor) in January 2004 associated with 

the ongoing hospital addition project.  The survey undertook a series of six test borings 

located within the new building’s footprint and is indicative of site specific conditions. 

The observed conditions were described as follows:  “Stratified deposits of glacial drift 

consisting mostly of medium density fine to medium sand.  Cobbles and boulders were 

found within the glacial drift….” 

In one soil boring location, groundwater was encountered at an elevation of 91 ft msl 

however, this appeared to be a localized condition.  Groundwater elevations are known 
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to vary seasonally but an elevated groundwater table may be encountered at turbine 

foundation locations.  Net allowable soil bearing pressure for the hospital addition was 

identified to be 6000 pounds per square foot assuming footings rest on undisturbed soil 

or compacted granular fill material meeting certain technical conditions.   

Turbine foundation designs vary depending on soil type.  Some foundations are shaped 

as an inverted T and others are piling type, extending into native soils and others can be 

tied in directly to bedrock (no bedrock surface exposures observed at the Hospital).  An 

example from one manufacturer’s foundation requires approximately 50 truckloads of 

cement forming a 350 ton below-grade foundation base.  A professionally licensed civil 

engineer will prepare certified blueprints during the design phase that will determine the 

structure and type of foundation required for a given size and height of wind turbine.    

1.3.3 Staging / Erection   

Boreal contacted two turbine manufacturers to obtain technical specifications relating to 

the dimensions required for staging of the blades, nacelle and tower sections and their 

erection.  One vendor provided detailed equipment and crane specifications. 

For the crane erection, a cleared, level (5% grade) is recommended of 130 ft radius.  A 

soil bearing capacity of 6KSF is recommended for the crane pad and access roadway if 

required (as may be for Site B).  The recommended crane pad dimensions are 40ft x 

120 ft with an access road width of 35 ft.  Sufficient laydown space and crane erection 

area exists in the parking areas adjacent to Site A with some tree removal likely required 

in the vegetated separation berms within the parking area.  At Site B, less laydown 

space is available in the smaller parking area, construction of an access road likely 

would be necessary for tower placement and greater tree removal would be required for 

crane operation.  

1.4 Environmental Resource Assessment  

1.4.1 Current Resources 

Please refer to the separate Woodlot report.  

1.4.2 Photo Simulation 
A field evaluation was completed by Boreal on November 5, 2004 to identify 

representative community views.  Data collected in the field consisted of photographs 
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from five viewpoints looking towards the project site, geographical positioning system 

(GPS) coordinates (viewpoint and turbine locations), viewing angle to the hospital (using 

a compass), elevation data, and general site notes.  From the original five viewpoint 

locations, four were selected for further analysis.  These four selected viewpoint 

locations consisted of: 

I. Wood Neck Beach 

II. Jones Road – Falmouth Trial Court Building 

III. Main Street – Falmouth Public Library 

IV. Corner of Pump Station Road and Route 28 

All photographs were taken with a Canon PowerShot S230 digital camera using the 

widest lens setting.  After compiling the above data, it was supplied to RBLA for use in 

creating computerized artist renderings. 

Prior to completing the 3D model and renderings, RBLA obtained additional information 

consisting of USGS Quad. maps (Falmouth and Woods Hole), aerial photos, and turbine 

data.  The 3D model used to create the renderings was developed using AutoCAD, 

MicroStation, and AutoCAD Viz 2005.  All GPS coordinates relating to the turbine and 

viewpoint locations were first located on the USGS map using MicroDEM+ software.  

The USGS map was then imported into Microstation where roadways, select buildings 

and contours, the turbine location, and all viewpoint locations were traced, thus creating 

a base map.  The USGS map was also used to verify elevational data supplied by 

Boreal.  Boreal obtained the GPS coordinates and elevation data by utilizing a Garmin 

Geko Model 301 handheld GPS data recorder. 

Using data supplied by General Electric a 3D model of the turbine was created using Viz 

and was then merged with the base map.  The basic dimensions of the turbine model 

are: 

·  Tower height (not including blade): 225’ (70 m) 

·  Bottom diameter of the tower: 13.38’ 

·  Top diameter of the turbine: 8.53’ 

·  Blade length: 122.21 (76 m) 
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The 3D model was then superimposed on digital photographs of the existing landscape 

using the location and the angle of the camera (determined by data collected in the 

field), along with the appropriate lens settings as identified by the camera’s 

manufacturer.  This information was used to assure that the Project is shown in proper 

proportion, perspective, and in relation to the existing landscape elements. 

Any further refinements, such as color correction, made to the photos were performed 

using PhotoShop. 

Figure 1-13 provides a viewpoint location map of the four photo simulations.  Figure 

1-14, Figure 1-15, Figure 1-16, and Figure 1-17 display the four photo simulations.   
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Figure 1-13 
Viewpoint Location Map of Photo Simulations 
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Figure 1-14 
Photo Simulation From Site #1 – Falmouth Library 
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Figure 1-15 
Photo Simulation From Site #2 - Jones Road 
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Figure 1-16 
Photo Simulation From Site #3 – Pump Station on Palmer Ave. 
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Figure 1-17 
Photo Simulation From Site #4 – Wood Neck Beach 

 

In addition to the photo simulations, RBLA provided an example line-of-sight cross 

section.  A map of the line-of-sight cross section is provided in Figure 1-18, and the 

cross section in Figure 1-19.   
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Figure 1-18 
Line-of-Sight Cross Section Map 
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Figure 1-19 
Line-of-Sight Cross Section 

 

 

1.4.3 Wind Turbine Environmental Assessment  
An environmental assessment including avian and wildlife impact analysis was 

performed by Woodlot Alternative Inc. whose complete report is included as separate 

attachment.  Woodlot completed an extensive review of regional bird and bat species 

habitat, and migratory behavior and visited the project study area.  In addition, a notice 

of intent was provided to the US Fish and Wildlife Service (USFWS) and the 

Massachusetts Division of Fisheries and Wildlife (MassWildlife) Natural Heritage and 

Endangered Species Program to have them initiate and perform a review of both federal 

and state listed endangered species project site. MassWildlife responded that “At this 

time we do not have any rare species concerns with the work proposed in the vicinity of 

this site.” (See Appendix D for a copy of the response letter).  USFWS response has not 

yet been received at the time of the completion of this feasibility study.  Woodlot believes 

that there is a low likelihood for endangered species presence on the project site.   
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The following are findings associated with the impact evaluation criteria developed as 

benchmarks to determine if impacts are occurring on the project site. 

Are the potential locations of turbines located within one mile of documented locations of 

any rare species of wildlife or plant? 

While agency contacts have not yet been received to date, the landscape analysis has 

demonstrated that it is likely that sensitive terrestrial species occur within one mile of the 

project area.  The hospital campus and Route 28 currently act as barriers to wildlife 

movement in the area; therefore, it is unlikely that there is significant movement of 

sensitive species between these mapped habitats for rare species.  The construction 

and operation of the single turbine and construction of the transmission line will not likely 

have an adverse impact on sensitive terrestrial species. 

Are the potential turbine locations in known local bird migration pathways or in areas 

where birds are highly concentrated, unless mortality risk is low (e.g., birds present 

rarely enter the rotor-swept area)? Examples of high concentration areas for birds are 

wetlands, state or federal refuges, staging areas, rookeries, roosts, riparian areas along 

streams, and landfills. 

The proposed turbine location occurs within the Atlantic Flyway within potential stopover 

habitat during bird migration.  Numerous staging areas (e.g., shoreland communities, 

scrub shrub wetlands, and ponds) are located within 5 miles of the project location 

However, due to the adjacency of the moderate density town of Falmouth to the project 

site, the turbine swept area likely presents a low risk of avian mortality.  Conservative 

estimates for general altitude of migration for neotropical songbirds is 500 feet, which is 

above the height of the turbine.  Waterfowl tend to migrate lower, but are not likely to 

follow the overland path of the turbine rotor. 

Are potential turbine locations in known daily movement flyways (e.g., between roosting 

and feeding areas) and areas with a high incidence of fog, mist, low cloud ceilings, and 

low visibility? 

Low visibility is not likely to play a significant role in bird and bat strikes with the turbine.  

The turbine location occurs approximately 2 miles north of Nantucket Sound and 

approximately 1.5 miles east of Buzzard’s Bay.  There are likely some daily movements 

of waterfowl between Nantucket Sound, Cape Cod Bay, and Buzzard’s Bay that may 

occur over the turbine location.  Daily dispersal of waterfowl will primarily be along the 
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coastline, with fewer numbers of animals moving over the project location.  There will 

likely be an insignificant potential for waterfowl to pass directly through the rotor zone.   

Neotropical migrants will also likely move between the Beebe Hill conservation area and 

the feeding habitats associated with freshwater ponds east of the project site (e.g., Sol’s 

Pond, Jones Pond, Grews Pond, and Long Pond).  Birds moving in this localized manner 

are not likely to fly high enough to enter into the rotor swept area. 

Are potential turbine locations in areas or features of the landscape known to attract 

raptors (hawks, falcons, eagles, owls)? 

There is potential for forest raptors to nest in the Beebe Hill conservation area.  An old 

red-tailed hawk nest was on the adjacent parcel, but alone is not indicative of raptor use 

in the area. 

Are potential turbine locations near known bat hibernation, breeding, and 

maternity/nursery colonies, in migration corridors, or in flight paths between colonies and 

feeding areas? 

There are no known bat hibernacula in the area of the turbine.  Little brown myotis 

(Myotis lucifugus) and big brown bat (Eptesicus fuscus) are likely common in the area, 

with other species passing through during migration and dispersal.  The combination of 

the urban landscape of Falmouth and the freshwater ponds in the area makes it likely 

that there is a good population of bats in the proximity of the proposed turbine. 

Do potential turbine locations fragment large, contiguous tracts of wildlife habitat? 

Since this turbine is being proposed on the hospital campus, habitat fragmentation is 

negligent.  Site A offers less fragmentation because it occurs between a parking lot and 

an access road.  Site B occurs on the periphery of the hospital campus and the Beebe 

Hill conservation area.  Since Site B occurs on the edge of this habitat, habitat 

fragmentation is minimal.  

Are turbines being proposed in habitat known to be occupied by species that exhibit 

extreme avoidance of vertical features and/or structural habitat fragmentation? 

There are no species at the proposed siting location that exhibit extreme avoidance of 

vertical features or structural habitat fragmentation. 
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Do any significant ecological events occur in the region associated with the proposed 

development?  This includes any special, unique, unusual, or super ordinary ecological 

events that occur or are suspected to occur in the vicinity of the site. 

This project location occurs along the Atlantic Flyway within one mile of the coastline.   

Making projections of the potential impact that a single turbine can have on avian 

fatalities is problematic because of the relative youth of the wind industry and the 

resulting lack of long-term data.  Data collected from existing wind generation facilities 

indicate that an average of 2.19 avian fatalities per turbine per year in the U.S. occurs for 

all species combined (NWCC 2001).  Raptor fatalities specifically constitute 0.033 bird 

strikes per turbine per year (NWCC 2001). 

The National Wind Coordinating Committee (NWCC) has calculated that there is an 

annual avian collision mortality estimate of 200-500 million birds from all collision 

sources.  At the 2001 rate of development, wind turbines constituted 0.01 percent to 

0.02 percent of all the avian collision fatalities.  Communication tower fatality estimates 

make up 1-2 percent due to collisions with these structures.  The low range estimate 

from collisions with buildings/windows of 98 million (Klem 1991) comprises 

approximately 25 to 50 percent of all collision fatalities.  The low range estimate of 60 

million vehicle collision fatalities comprises 15-30% of the total estimated collision 

fatalities (NWCC 2001).  Therefore, the avian impacts of a single turbine in this location 

is nominal when compared to all sources of avian collisions.  

Based on these preliminary findings, there are likely no significant impacts on the local 

environment as part of this proposed action of constructing a single turbine.  However, 

additional detailed studies of breeding birds at the project site and further conversations 

with state resource management agencies are recommended prior to finalizing an 

impact finding.  Based on conversations with state resource agencies, additional studies 

could likely include raptor nest surveys within 1 mile of the project location, general avian 

use surveys, surveys for threatened and endangered species, surveys for bat use at the 

project site, and post-development mortality studies.  Post development monitoring 

studies, such as carcass surveys, using current state-of-the-art protocols are beneficial 

to determine the actual direct impacts of the wind project on birds and add significant 

value to making future determinations about single turbine impacts.  The duration and 

scope of these studies should be developed during conversations with state agencies. 
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1.4.4 Reduced Regional Air Pollution from Wind Turbine 

An analysis of the air pollution benefits from the Falmouth Hospital’s proposed wind 

turbine 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 

2003.  NEPOOL provides average emission rates for these pollutants that represent the 

emissions from the last 500 MW of power added to the grid, known as the marginal unit.  

This 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 the 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. 

The 1.5 MW wind turbine is estimated to generate an output of approximately 4,000 

MWh assuming a 30% capacity factor.  Figure 1-20 provides the anticipated benefit to 

regional air emissions from the Falmouth Hospital’s wind turbine.  

 



 

Final FH Wind Turbine FS Page 1-45 February 25, 2005 

Figure 1-20 
Avoided Air Emissions from Wind Turbine Electric Generation5 
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1.4.5 Stakeholder Identification 

Besides the elected officials and immediately adjacent property owners, other likely 

concerned entities in the Town of Falmouth include Mass Audubon, Mass Climate Action 

Network, Save Our Sound – The Alliance to Save Nantucket Sound, The 300 Committee 

(Falmouth land conservation group), American Lung Association, and the American 

Wind Energy Association.  A variety of commercial renewable energy power marketers 

are stakeholders as well. 

1.4.6 Permitting 

The Falmouth Hospital wind turbine project involves review and permitting by a variety of 

local, state and federal officials.  Local jurisdictional approvals are the most significant 

for this project because most state permits (with the exception of Mass Highway review) 

                                                 
5 Source: 2003 NEPOOL Marginal Emission Rate Analysis – December 2004 
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are not applicable since site disturbances can be minimized to avoid their processes 

being triggered.  There are no impacts to wetlands or wetland buffers from the proposed 

action therefore no wetland regulations are cited.   

A coordinated regulatory development effort to develop a “Model Bylaw for Land-based 

Wind Energy Conversion Facilities”, published January, 2005, was funded by the Cape 

Cod Commission and Cape Light Compact through a Community Planning & 

Development grant from the MTC.  This effort was prompted by either actual or 

perceived barriers to the implementation of state-of the art wind turbines in many of the 

communities of Cape Cod and Martha’s Vineyard.   

Among the issues highlighted in the model bylaw development was a lack of clear 

guidance on height restrictions and appropriate applicable use definitions that in fact 

could prohibit modern wind turbine introduction on the Cape and the Islands.  In 

Falmouth however, a Zoning Bylaw exists relating to wind energy, Chapter 240 Article 

XXXIV, adopted in 1981.  The bylaw does provide a means to site modern wind turbines 

in Falmouth.  However, in our review of the requirements, Boreal would recommend 

clarification by legal experts of the bylaw in at least three areas.  Current bylaw language 

may preclude the placement of the wind turbine’s fall zone outside of the developer’s 

land.  Second, above ground electric transmission wires may be warranted for certain 

site condition and the current bylaw language precludes this.  Confirmation is needed 

whether a height restriction applies to wind turbines in Falmouth under Article XXXIV.  

There is no obligation or requirement for the Town of Falmouth to adopt the Cap Cod 

Commission’s model bylaw provisions especially in light of their existing windmill zoning 

article.  Falmouth can request involvement from the Commission via authorization of the 

Falmouth Board of Selectmen in order to request technical assistance relating to the 

planning for wind turbine projects under Section 12(h) of the Cape Cod Commission Act, 

if the project is considered a Development of Regional Impact (DRI) and if the 

Commission decides to accept the review referral from the Town.  Cape Cod 

Commission’s DRI reviews take approximately 7 months for a decision to be issued 

once accepted by the Commission. 

The Cape Cod Commission identifies certain actions that are considered DRI’s.  None of 

these criteria are met by the Falmouth Hospital project.  The current DRI threshold 

criteria are under review.  In a Boreal telephone interview with Dorr Fox, Chief 

Regulatory Officer of the Cape Cod Commission, the Commission may be embarking on 
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modifying the regulations to develop a height threshold relating to wind turbines that 

would prompt their review for the project’s similar to the Falmouth Hospital.  An existing 

analogous criteria list a review threshold by the Commission for wireless communication 

towers exceeding 35 ft height above grade.  Mr. Fox anticipates that new regulatory 

development by the Commission would take approximately one year from initiation. 

In lieu of regulatory changes, the Cape Cod Commission can consider involvement 

under discretionary authority:  “Any proposed development for which an environmental 

notification form (ENF) must be field under the Massachusetts Environmental Policy Act 

may be deemed a Development of Regional Impact”.  An ENF most likely will be 

required for this project (currently under policy review by the MTC whether their projects 

are considered “state” funding actions since they are a quasi-public/private agency).  

However, the discretionary review authority prompted solely by an ENF has only been 

utilized twice by the Commission. 

The history of environmental regulation was a means to protect the public health and the 

environment.  It is clear that renewable energy including wind power has direct public 

health and environmental benefits versus our reliance on the existing NEPOOL 

generation fleet and therefore, in Boreal’s opinion streamlined regulatory approval 

processes should be mandated for renewable energy versus process intensive, multi 

jurisdictional involvement. 

One item not referenced in the existing Falmouth Zoning Bylaws that Boreal 

recommends conducting is an evaluation of shadowing and flickering that may be 

caused by the wind turbine.  These potential adverse aspects can be minimized based 

on geometric positioning considerations during siting.   

In terms of MassHighway review, they require a formal road survey by a civil engineering 

firm if loads meet certain weight and height thresholds on State highways.  These 

thresholds are if a load exceeds 130,000 lb it is considered a “superload” and/or if its 

height is in excess of 13’ 8”.  Both leading turbine manufactures evaluated exceed these 

thresholds and thus require additional civil engineering evaluation.  In addition, Boreal 

recommends review to determine if there is adequate turning radii associated with wind 

turbine shipments for trucks may be constrained at the corners of Ter Heun Dr and Rte 

28  and into the Hospital’s proposed turbine locations and a cursory review of road 

slopes and dips to confirm feasibility.  See Table 1-5 for a summary of these findings.   
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Table 1-5 
Wind Turbine Transport Characteristics 6 

MassHighway 
Parameter 

MassHighway 
Threshold 

Vestas V80 

(max) 

GE 1.5 Comments 

Load 130,000 lb 163,345 lb 197,000 lb Exceeded 

Height 13’ 8”  14’ 3” 15’ 8” Exceeded 

Slope No limit 8% 10% Most likely 
achievable 

 

Boreal prepared permitting tables to identify the local, State and Federal requirement, 

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

Table 1-6 
Local Applicable Regulations – Town of Falmouth Zoning Chapter 240 

Article VII – Public Use Districts  

Regulation/Permit Authority Citation Approval 
Time 

Comments 

Special Permit Board of Appeals §240-33 G(5) See Article 
XXXIV –
Windmills 
below 

Permits the 
accessory use 
of windmills in 
Public Use 
Districts (e.g. 
Falmouth 
Hospital is 
zoned “Public 
Use”)  

 
 

Article XIV – Dimensional Regulations 
[May Not be Applicable] 

Regulation/Permit Authority Citation Approval 
Time 

Comments 

Public Use Districts 
– not to exceed 50 ft 

Board of Appeals §240-70B n/a Wind Turbine  
may not be 
considered a 
building 

 
 

                                                 
6 Telephone conversation with MassHighway’s Mike Lyons; Vestas V80 Transport Guidance; GE 

Wind Energy 1.5 MW Specs Rev E 10/11/02 
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Article XXXIV - Windmills 

Regulation/Permit Authority Citation Approval 
Time 

Comments 

Special Permit Board of Appeals §240-166 Hearing 
w/in 65 
days of 
applying. 

Decision 
w/in 90 
days from 
close of 
hearing. 

Required for 
all windmills 

Must be within 
petitioner’s land 

Board of Appeals §240-166A See 166 Easements  
most likely will 
be necessary 
for Beebe 
Woods or Ter 
Heun Dr 

No adverse impacts 
on the 
neighborhood, in 
terms of television 
interference, ice 
throw, prop throw, 
noise etc. Noise in 
excess of 40dba 
shall not be 
excessive as 
measured at the 
property line 

Board of Appeals §240-166B See 166 Noise limit will 
not be 
exceeded if 
turbine 
maintained; 
certain 
precautions for 
ice may be 
warranted 
based on 
siting. 

All wires running 
from a windmill to 
any structure shall 
be underground 

 §240-166C See 166 Some 
locations may 
benefit from 
above ground 
wiring (e.g. 
less forest 
disturbance 
etc.). 

Inspection and 
Certification of 
Compliance 

Building 
Commissioner 

§240-166D See 166 Registered 
P.E. review 
required; 
Biennial 
inspections 
required. 

Unlawful Access Board of Appeals §240-166E See 166 Turbine 
access 
security 
required. 

Easement Town 
Conservation 

 n/a No wetland 
impacts; 
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Regulation/Permit Authority Citation Approval 
Time 

Comments 

Commission required for 
fall zone 

Recommendation Energy 
Committee 

Policy n/a Significant 
support for 
wind turbines 
exists within 
the energy 
committee in 
Falmouth 

 

Table 1-7 
State Applicable Regulations7 

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 Jurisdictional 
authority occurs 
when State 
financial 
assistance; ENF 
will document 
that various 
thresholds are 
not met requiring 
an Environmental 
Impact Report 
(EIR); 

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 

 Required if more 
than one acre of 
land is disturbed. 

Notice of Intent Mass. Natural 
Heritage and 
Endangered 
Species 
Program 

321 CMR 10:00  See Appendix D;   
Site does not fall 
within an 
“estimated habitat 
of rare wildlife”.  
Threatened 
Species are not 
disturbed. 

                                                 
7 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 

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 

 Most likely not 
applicable - 
Protects ~ 190 
species of 
vertebrate and 
invertebrate 
animals and 258 
species of native 
plants that are 
listed as 
Endangered, 
Threatened or of 
Special Concern 
in Massachusetts 

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 may require 
funding of 
separate road 
survey by a Civil 
Engineering firm. 

Project Notification 
Form 

Massachusetts 
Historical 
Commission 
(MHC) 

MGL Ch. 9 
Sections 27-32 

30 days Any new 
construction 
projects etc. that 
require funding, 
licenses, or 
permits from any 
state, federal 
agencies must be 
reviewed by MHC 
for impacts to 
historic and 
architectural 
properties. 
Purpose is to 
protect important 
historical and 
architectural 
assets of 
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Regulation/Permit Authority Citation Approval 
Time 

Comments 

Commonwealth.  

Noise control policy Massachusetts 
Department of 
Environmental 
Protection 

MGL 310 CMR 
7.09 -7.10 

criteria At nearest 
property line or 
residence: No 
increase by more 
than 10 dB(A) 
above ambient; 
or 

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 mi long or 
over 69 kv 

Development of 
Regional Impact 

Cape Cod 
Commission 

§12 (h) Seven 
Months 

(1) Discretionary 
Authority or  

(2) if requested 
by Town of 
Falmouth and 
accepted by 
Commission for 
review 

Request for Airspace 
Review 

Mass 
Aeronautics 
Commission 

 Not applicable 
– no formal 
permit 
required 

MAC should be 
notified if projects 
are over 200ft tall 

NEEPOOL 
Interconnection 
System Impact 
Study & Facility 
Study 

RTO-NE (ISO-
NE is becoming 
RTO-NE) 

 None – 
informational 
only 

For projects 
under 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 1-8 
Federal Applicable Regulations8 

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.  All 
structures above 
199 ft will need 
lighting 

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 See avian Impact 
Assessment 
Section 

Habitat Conservation 
& Incidental Take 
Permit  

Fish & 
Wildlife 
Service 

Endangered Species 
Act 

 No endangered 
species identified 

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.g
ov/industries/elec
tric/gen-info/qual-
fac.asp 

 

1.5 Wind Turbine Siting Alternatives 

Each wind turbine project has its own site-specific features that will determine the 

optimal locations within a given property for the wind turbine installation. Following a 

review of site plans and on-site surveys two prime locations were identified within the 

Falmouth Hospital site and evaluated based on the site evaluation criteria previously 

discussed.  

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

Massachusetts at Amherst - Community Wind Power Fact Sheet #7 ; 
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Initially, in terms of site layout, general guidelines for wind turbine placement were 

identified to aid in determining areas for siting.  These guidelines included: 

·  Avoid existing developed site areas – e.g. parking lots, buildings themselves 

·  Avoid proximity to public highways  

·  Minimize site disturbance, if possible 

·  Avoid property boundaries, if possible 

·  Avoid placement directly next to hospital buildings – perceived safety and noise 

concerns 

·  Desire for higher surface elevations within site to optimize turbine height (e.g. the 

higher the turbine, the stronger winds and better economic return from power 

generation) 

·  After the general constraints were evaluated, the technical, economic, 

engineering and regulatory attributes were analyzed for the two site locations.   

These locations are identified as Site A and Site B in Figure 1-1 and are evaluated in the 

Tables below  

1.5.1 Alternative Evaluation 
The following tables list criteria relating to the site evaluation analysis sections and 

assign numerical values in these respective areas for each proposed turbine location.  

The values range from 1 to 3 with 1 being less desirable and 3 being more desirable.  

No attempt by our team was made to weight or normalize these criteria. 

Table 1-9 
Alternative Site Evaluation – Site Layout 

Criteria Site A Site B Rationale 

Avoidance of 
Developed Areas 

2 3 A is more developed 

Minimize Disturbed 
Area 

3 2 B requires greater 
access development 

High Surface 
Elevation 

3 3  

Avoid Public 
Highways 

2 3 A closer to Ter Huen 
Dr. 

Avoid Hospital 2 2  
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Criteria Site A Site B Rationale 

Buildings 

Abutter Impact 2 2 A fall zone Ter Huen 
Dr.  B fall zone 

impacts Falmouth 
conservation land 

Wind Resources 3 3  

Total Score 17 18  

 

Table 1-10  
Alternative Site Evaluation – Energy Infrastructure and Production 

Criteria Site A Site B Rationale 

Generator Step-Up 
Transformers 

3 2 Site B no existing 
infrastructure 

Turbine Configuration 
for Wind Capture 

2 3 Site A is may have 
more turbulence when 

the wind is from the 
South.   

Wiring Runs 3 1 Site B - longer wire 
run: line losses 

Total Score 8 6  

 

Table 1-11 
Alternative Site Evaluation – Engineering and Energy Interconnection 

Criteria Site A Site B Rationale 

Geotechnical 3 3  

Staging/Erection 3 2 B insufficient cleared 
laydown or erection 

area 

Total Score 6 5  

 

Table 1-12 
Alternative Site Evaluation – Environmental Resources 

Criteria Site A Site B Rationale 

Visibility/ Aesthetic 2 3 A is more visible to 
population 

Avian Impacts 3 3 B is closer to habitat, 
but difference is 

probably immaterial 
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Criteria Site A Site B Rationale 

Threatened & 
Endangered 

3 3  

Open Space/ 
Fragmentation 

3 2 B: forest buffer 
impacts 

Total Score 11 11  

 

Table 1-13 
Alternative Site Evaluation - Permitting 

Criteria Site A Site B Rationale 

Local approvals 3 2 B fall zone may affect 
2 properties  

Noise 3 2 B closer proximity to 
property line 

NPDES Stormwater 3 2 B greater disturbed 
area may require 

NPDES 

Historic/Arch. Impacts 3 2 B proximity to old 
stone fence 

Helipad/ FAA 3 3  

Total Score 15 11  

 

1.6 Conclusions  
Table 1-14 displays the summary of evaluation of Site A and Site B, which has a implicit 

weight of one on each attribute.  The Hospital will likely weigh criteria with different 

weights.  Note Site A was used in the photo-simulations.  

Table 1-14 
Alternative Site Evaluation – Summary 

Criteria Site A Site B 

Site Layout 17 18 

Energy Infrastructure and 
Consumption 

8 6 

Engineering and Energy 
Interconnection 

6 5 

Environmental Resources 11 11 

Permitting 15 11 
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Criteria Site A Site B 

Grand Total Score 57 51 
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2 Economic Feasibility Analysis 

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

the Falmouth Hospital site.  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.  In the 600 kW to 2000 kW range 

from $2000/kW to $1,000/kW installed.   

Major categories of costs include:9: 

·  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 

                                                 
9 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 Construction Supervision 

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: 

·  The complexity of the electrical system and more stringent Massachusetts’ utility 

requirements will result in higher interconnection costs than is commonly 

estimated (an estimated $375,000 for the Hospital project versus ~$100,000).   

·  Most suppliers of wind turbines are European; the Euro has risen sharply against 

the dollar over the past two years.  

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

·  Recent high cost of steel  

Table 2-1 displays estimated capital costs by turbine and component.  The economies of 

scale are readily apparent.  The 660 kW Vestas V47 costs approximately $2100/kW 

installed, while the Vestas V80 costs approximately $1200/kW installed.   
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Table 2-1 
Estimated Capital Costs for Wind Turbine Installation at Falmouth Hospital 

Capital Cost 
Component 

Vestas V47 Fuhrländer 1000 
Plus 

GE 1.5sl Vestas V80 

Turbine & Works $750,000 $1,100,000 $1,300,000 $1,400,000 

Balance of Plant $150,000 $200,000 $250,000 $250,000 

Interconnection $357,000 $361,000 $366,000 $375,000 

Soft Costs $150,000 $150,000 $150,000 $150,000 

Total $1,407,000 $1,811,000 $2,066,000 $2,175,000 

$/kW Installed $2,132 $1,811 $1,377 $1,208 

 

While not shown here, the cost of the wiring run, which is a component of the 

interconnection costs, also varies per location, and is conservatively included in the 

analysis.   

2.1.2 Operating Costs  

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

associated with operation.  Cost elements include10: 

·  Operations and Maintenance 

·  Warranty 

·  Equipment Repair and Replacement Fund 

·  Property Taxes (from which the Hospital as a charitable organization would be 

exempt, while a third-party owner would not be exempt). 

·  Equipment Insurance   

·  Management / Administrative  

·  Land Lease (only potentially relevant if a third party owns the wind turbine); and,  

·  Miscellaneous 

                                                 
10 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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Note that the costs of additional avian breeding and mortality studies were not included 

in the operations and maintenance cost elements in the financial model.  Boreal will 

request further guidance from state and federal wildlife officials during design relating to 

the recommended avian breeding and mortality studies to determine if these 

investigations are warranted in the case of only one wind turbine installation. 

Table 2-2 displays the estimated operating costs for each of the selected turbines, 

assuming the Hospital owns the turbine.  The current Falmouth property tax rate is $5.83 

/ $1000 of assessed value.  If a third-party for-profit entity owns the turbine, then they 

may be exempted from property taxes11.   

Table 2-2 
Estimated Operating Costs for Selected Turbines – Assuming Hospital Ownership 

Operating Cost 
Component 

Vestas V47 Fuhrländer 1000 
Plus 

GE 1.5sl Vestas V80 

O&M Turbine 
(Early Years)12 

$12,000 $15,000 $20,000 $20,000 

O&M 
Interconnection 
Equip 

$17,850 $18,050 $18,300 $18,750 

Warranty13 $12,000 $15,000 $17,000 $17,000 

Equipment 
Repair / 
Replacement 
Fund 

$8,000 $9,000 $10,000 $10,000 

Property Taxes $0 $0 $0 $0 

Management / 
Administrative 

$2,000 $2,000 $2,000 $2,000 

Equipment 
Insurance 

$5,347 $6,882 $7,851 $8,265 

Land Lease $0 $0 $0 $0 

                                                 
11 See http://www.mass.gov/doer/programs/renew/renew.htm.  For this Report we assume no 

property taxes on the Hospital or a third-party owner.  As of writing of this report we had received 

no response to a request of clarification on this issue.  If property taxes are assessed it is unclear 

what would be the appropriate depreciation on the capital assets.   

12 O&M costs for a turbine increase over time.   

13 Warranty payments are shifted to equipment repair / replacement fund after warranty period 

(e.g., 5 years) is over.   
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Operating Cost 
Component 

Vestas V47 Fuhrländer 1000 
Plus 

GE 1.5sl Vestas V80 

Miscellaneous $1,000 $1,000 $1,000 $1,000 

Total $58,197 $66,932 $76,151 $77,015 

$/kW $88 $67 $51 $43 

 

2.2 Benefits of Electricity Production 

There are three types of energy revenue and/or avoided costs resulting from DG wind 

turbines.  First, and generally most valuable, is to avoid paying utility bill energy 

charges14.  Second is to sell part or all of the production of a wind turbine into the 

wholesale market.  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.   

The balance of Section 2.2 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: 

·  Customer Charges 

·  Demand (kW) Charges 

·  Energy (kWh) Charges 

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

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

The energy charges are a mixture of “wire” and “generation” charges.  The above 

charges are assessed for various “services” and include: 

                                                 
14 Customers that sign-up for competitive generation supply (e.g., Select Energy, Constellation 

Energy, Trans Canada) can get two bills one from NSTAR and one from their competitive 

generation supplier.  For simplicity’s sake we assume, regardless whether Falmouth Hospital 

procures generation from a competitive supplier or default service, the Hospital will receive only 

one bill from NSTAR, and that that bill includes generation and all other charges.   
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·  Generation.  Generation services currently can be purchased three different 

ways.  They are: 

i) Standard Offer Service.  Currently, this is the way Falmouth Hospital 

procures its generation.  Standard Offer Service is no longer available 

after February 28th, 2005.   

ii) Competitive supply service (e.g., Constellation Energy, Select Energy, 

etc.); and, 

iii) Default Service.  Falmouth Hospital will be placed on Default Service on 

March 1, 2005, unless it signs-up with a competitive supplier. 

·  Distribution; 

·  Transmission; 

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

·  Energy efficiency; and, 

·  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 can not avoid monthly customer charges nor demand (kW) 

charges. 

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

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

rate class and consumption patterns.  Falmouth Hospital is appropriately on NSTAR 

tariff class G3 (i.e., Rate 24, Large General Time-of-Use customer).  The computation of 

the “wire charges” (all the charges with the exception of the generation charges) are 

defined in NSTAR’s tariff (schedule of rates 

http://www.nstaronline.com/ss/customer_service/rates/schedule.asp ).  Energy charges 

constitute a significant fraction of Falmouth Hospital’s electric bill, though the actual size 

will depend on a particular month’s consumption size and pattern.  An analysis of 

Falmouth Hospital’s April 2004 electric bill is shown in Figure 2-1.  In April 2004 

electricity charges totaled $52,670 for 1047 kVA peak demand draw and 506,460 kWh 

energy consumption.  Of the total $52,670 charge, 87%, or $46,108 were assessed on 

kWh consumption.  If a wind turbine had been in place in April 2004, then for every kWh 
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produced it on average would have avoided 9.1 ¢/kWh ($46,108 / 506,460 kWh) in billed 

costs.   

Figure 2-1 
Analysis of Charges for Falmouth Hospital’s April 2004 Electricity Bill 
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Utility charges are altered frequently.  There have been two recent changes of particular 

importance to Falmouth Hospital.  First is the end of Standard Offer Service as of 

February 28, 2005.  If Falmouth Hospital goes to Default Service in March 2005 the 

generation supply charges will increase from 6.323 ¢/kWh to 7.169 ¢/kWh (an increase 

of 0.846 ¢/kWh)15.  Second, as of January 2005, a greater portion of the transition wire 

charges are now associated with energy consumption rather than demand peak demand 

(as compared to the NSTAR G-3 tariff in place in 2004).  For 2005, transition energy 

charges have increased by about 0.8 ¢/kWh, while transition demand charges have 

decreased by about $1.00/kVA as compared to 2004.  These changes mean that by 

                                                 
15 http://www.mass.gov/dte/restruct/competition/standardoffer.htm#2003%20-

%202004%20STANDARD%20OFFER%20RATES and 

http://www.capelightcompact.org/doc.ccml?104,,76693,cap76693,0,0,Index,ck_.html  
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installing a wind turbine Falmouth Hospital can avoid approximately 10 ¢/kWh for on-site 

consumption in 2005.   

2.2.1.1 No Implementation of “Standby” Generation Charges 

Many utilities, including NSTAR, impose “standby” generation charges on customers that 

install on-site generation.  For NSTAR these are additional demand charges assessed 

on a $/kW basis for many types of on-site generation installed after December 31, 2004.  

Renewable generation, including wind turbines, are exempt from standby generation 

charges16.   

2.2.2 Value of Excess Generation Sold into the Wholesale Market 

When a wind turbine is producing more energy than is being consumed on-site, the 

excess is sold to the wholesale energy market.  All other things being equal, Falmouth 

Hospital will want to size their turbine so at least a majority of the electricity generated by 

a wind turbine is consumed on-site and not sold into the wholesale market, as retail 

rates are generally much higher than wholesale rates.   

As seen in Figure 2-2, the average hourly wholesale locational real time price for the 

Southeastern Massachusetts (SEMA) ISO-NE has generally ranged in the 4.0 ¢/kWh to 

5.0 ¢/kWh with jumps over 7.0 ¢/kWh17.  The average wholesale price for the latest 

twelve months is 5.0 ¢/kWh, which is approximately half of the cost of energy at retail 

that Falmouth Hospital could avoid by consuming the wind turbine generation on site. 

Beyond entering into a bi-lateral power purchase agreement with a third party wholesale 

trader, the NSTAR tariff provides three relevant options to Falmouth Hospital for selling 

excess power.  They are: 

i) Enter a separate customized bi-lateral power purchase agreement with 

NSTAR. 

                                                 
16 See http://db.state.ma.us/dpu/qorders/frmDocketList.asp, Docket # 03-121 

17 Data summarized from www.iso-ne.com.  In reality Falmouth Hospital will not receive the 

SEMA ISO-NE zonal price for excess generation sold into the wholesale market, but the 

Falmouth nodal price.  In practice the SEMA zonal price and Falmouth nodal price are virtually 

identical.   
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ii) For those systems 1 MW or greater in size, receive the hourly ISO-NE 

spot price. 

iii) For those systems less than 1 MW, receive the arithmetic average of the 

ISO-NE spot price for the previous month. 

In general the average wholesale spot price will be higher than what can be negotiated 

for wind production in a bi-lateral contract as there is a huge amount of deliverability risk 

for the wholesale trader which would be discounted significantly18.  The balance of the 

financial analysis will assume that options ii or iii above, as relevant, will be 

implemented.  This should be a reasonable assumption as any turbine will be sized so 

that most (e.g., 75% or greater) of its output is consumed on site.  Thus any risk from 

low wholesale spot prices will be minimal.   

Figure 2-2 
Average SEMA Real Time Locational Marginal Prices 
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18 It is questionable if a wholesale trader would even consider such a contract given the very 

small quantities of electricity (from their viewpoint) involved.   
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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 

very volatile natural gas, fuel oil and electricity prices.  While a DG wind turbine will only 

provide a fraction of the energy consumed on-site (the most likely sizing will be between 

20% to 60% of on-site consumption for the Hospital), even this proportion will dampen 

the risk associated with volatile energy prices, and make budgeting and forecasting of 

energy operating costs more certain.  In January 2003 NSTAR / Cape Light Compact 

default service prices for the generation portion of the bill were 4.986 ¢/kWh.  Today the 

default service price is 7.169 ¢/kWh.  This change alone translates into an increase in 

electricity costs of $150,000 per year for the Hospital.  A wind turbine, by supplying half 

the electricity consumed at Falmouth Hospital would have dampened the effect of those 

rate increases significantly.  

2.2.4 Discount on NSTAR Rates  

As noted above the installation of a wind turbine on the Falmouth Hospital site 

necessitate the purchase of the NSTAR 25 kV equipment and padmount transformers.  

While this will incur costs, it also provides a 3% discount to the Hospital for all the 

delivery charges assessed.19   

2.2.5 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, and most recently Rhode Island.  Accounting for RECs is the method to 

certify compliance with an RPS.  The primary purpose of the RPS legislation is to create 

demand for new renewable electric generation sources which have significantly fewer 

                                                 
19 From NSTAR’s Commonwealth Electric Large General Time-of-Use Tariff.  “When a Customer 

takes service at the Company's available primary voltages (13,200 volts or 25,000 volts) and 

furnishes and maintains the necessary transforming, switching and protective equipment, a 

discount of 3% will apply to the delivery rates specified above.” 
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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 2004.  

These levels increase by 0.5% each year though 2009, and at the discretion of DTE, 1% 

for each year from 2010 through 2014 for a total of 9%.  Connecticut has a similar 

requirement for in-state electricity consumption in place, and Rhode Island, as well, has 

legislated a similar RPS to start in 2007.   

The alternative compliance payment (ACP, i.e., penalty) for an electricity supplier (e.g., 

ConEd Solutions) not reaching these mandates in 2005 is $53.19 /MWh for 

Massachusetts served load and $55/MWh for Connecticut served load.  In both cases 

the ACP is adjusted for inflation.  An on-site turbine at Falmouth Hospital could be used 

to satisfy the Massachusetts and Connecticut20 RPSs.  Output from new wind farms that 

sell their output into the wholesale market installed on Cape Cod and Martha’s Vineyard 

(or for that matter anywhere in the ISO-NE area, including off-shore locations, such as 

the proposed Cape Wind project) would create RECs that could be used to satisfy either 

the Massachusetts, Connecticut, or soon to be implemented Rhode Island RPS 

mandates. 

2.2.5.1 REC Prices 

There is significant uncertainty in the REC markets.  Rules are still in flux, additionally 

nearby states (New York, Pennsylvania, Rhode Island, and District of Columbia New 

York, Pennsylvania, and Rhode Island21) have passed RPS legislation in the past year, 

joining Massachusetts, Connecticut, Maine, and New Jersey.  In short-term it is safe to 

say that RECs (1 REC = 1 MWh of attributes of output from a renewable generation 

source) are in high demand as can be seen in Table 2-3.   

                                                 
20 Connecticut is the only New England state that allows out-of-state, behind-the-meter 

generation to be eligible for their RPS.   

21 District of Columbia’s RPS legislation has just been passed in January 2005, but must now be 

approved the U.S. House of Representatives prior to becoming law.  
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Table 2-3 Prices for Massachusetts RECs22 

Term Bid Price Offer Price Last Price 

Calendar Year 2004 $47.00 $51.40 $51.05 

Calendar Year 2005 $48.00 $53.00 $46.00 

Calendar Year 2006 $35.00 $45.00 $39.50 

 

2.3 Analyze Financing / Ownership Options 

As detailed above, the cost of a wind turbine installation will be over $1,000,000.  Given 

the high up front cost, two primary ownership options will be considered: Hospital 

ownership and third-party ownership.   

2.3.1 Hospital Ownership 

In the case of Hospital ownership, Hospital management has noted the cost of borrowing 

is in the 5% to 6% range.  The balance of this report will use a 5.5% cost of capital as a 

base case input.  In addition, Hospital management has indicated that a purchase of this 

magnitude while not unheard of, is not the norm.  It is not clear whether debt, bonds, 

endowments, or other funds might be used to finance the purchase of a wind turbine.  

Even under the scenario where the Hospital might own the turbine, it is assumed that all 

operations and maintenance of the turbine would be out-sourced.  

The financial benefits of a wind turbine would be as described above a combination of 

avoided utility costs and REC sales revenue.  The degree of benefits are analyzed in 

Section 2.4 below. 

2.3.2 Third-Party Ownership 

Third-party ownership also is a viable option.  If a third-party owned and operated the 

wind turbine, it is assumed that the Hospital would purchase as much of the electricity 

produced as possible, with the balance being sold to the wholesale market.  In order to 

gain their own financing, the third-party would desire to enter into a long-term (e.g., 10 

years) power purchase agreement with the Hospital.  It is assumed, the longer the 

agreement the less risk to the third-party, the better the price the third-party could offer.  

Before describing what forms a power purchase might take, it is important to note that 
                                                 
22 Evolution Express Market Report.  January 28, 2005.  
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costs that a wind turbine would avoid on the NSTAR electric bill can be characterized as 

either 1) utility wire charges or 2) generation charges.  While generation charges are 

more or less a function of the cost of fuel inputs (e.g., natural gas, oil, gas) the utility wire 

charges are set via regulation and might be viewed as more static, but set in a 

somewhat arbitrary fashion (see Section 2.2.1 for more detail on structure of electric bill 

components).  

This agreement could take the following basic forms: 

i) Fixed:  A fixed price per kWh consumed by the Hospital.  This could be 

the same price for every year of the contract term or might be pre-set and 

vary year-to-year.   

ii) A percent discount off of total electricity charges.  For example, the 

Hospital would pay and the third-party would receive 90% of what the 

Hospital would have paid, if there had been no wind turbine. 

iii) A pass-through of utility wire charges combined with a fixed price on 

generation or percent discount on generation:  That is, the Hospital would 

pay and the third-party would receive a pass-through price on all or a 

portion of the utility wire charges.  This would be combined with a fixed or 

percent discount price on the generation portion of the bill. 

iv) Either ii) or iii) above combined with a ceiling and/or floor on prices 

charged.  

There are many other variations that could be concocted.  As the Hospital considers 

what contract structure is in their best interest, it should be repeated that the Hospital is 

already vulnerable to long-term electricity price volatility.  Entering into a third-party 

contract will decrease the price volatility vulnerability and save money simultaneously.  

2.3.3 Grants  

There are a large number of organizations that offer grants to share the costs of a wind 

turbine installation.  Indeed the MTC, which in part funded this feasibility study through 

their Commercial, Industrial, Institutional Initiative has millions of yet to be allocated 

dollars in their renewable energy fund earmarked to support on-site private business and 

institutional renewable energy development.  It should be noted that the MTC fund itself 

originated from electric rate-based fees; so in effect, Falmouth Hospital has contributed 
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significantly to this funding source historically.  See Appendix B for a table of selected 

grant making organizations that might support the construction of a wind turbine for the 

Hospita.  Many of these grant making organizations only or usually provide financial 

assistance to charitable organizations.  .Note that this list is not comprehensive. 

2.3.4 Tax Incentives 

The Hospital can indirectly benefit from tax incentives for renewable energy systems as 

they can increase the benefits for a third-party owner.  Some of these benefits almost 

certainly would flow to the Hospital via more favorable contract terms (e.g., lower fixed 

price for electricity output).  The primary tax incentives include:  

·  Federal Production Tax Credit (PTC) is a tax credit for actual power produced 

(1.8 ¢/kWh, adjusted for inflation) for the first ten years’ electricity output from a 

qualified privately-owned wind generation facility.  The output from the wind 

generation must be sold to an unrelated third-party in order to qualify for the 

PTC.  There are additional restrictions that constrict the potential investors that 

could benefit from the PTC.  The PTC has expired and been reauthorized 

multiple times.  Currently the PTC is set to expire as of December 31, 2005.  In 

many cases, if a grant decreases the capital cost of a project, then the PTC 

benefits will be decreased on a pro-rata basis (e.g., if a grant covers 20% of the 

capital costs of a wind turbine, then the PTC benefits would be reduced by 20% 

to 1.44 ¢/kWh).  

·  Federal Modified Accelerated Cost Reduction System (MARCS).  Allows the 

capital costs of a wind turbine project to be depreciated over five years using a 

200% declining balance method).   

·  Massachusetts sales tax exemption.  (see 

http://www.dor.state.ma.us/forms/wage_rpt/pdfs/st_12.pdf)  

·  Local property tax exemption might be applicable.   

These tax incentives are very valuable to a third-party owner.  Indeed in many cases the 

lifetime cost of energy production for a third-party who can take advantage of these tax 

breaks will be lower than for Hospital self-ownership.  It is very likely a portion of these 

tax benefits would flow to the Hospital via more attractive contract terms.   
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2.4 Analyze Project Financials  

This subsection analyzes the financial payback for various scenarios of turbine 

configurations, ownership, costs, revenue, etc.  It first describes the methodology 

employed, and then defines the primary base cases used in the analysis.  Multiple 

scenarios will be presented that are variants of the base cases.  Additionally sensitivity 

to various input assumptions will be shown.  The subsection ends with a comparison of 

the various ownership / configurations and recommendations for design and 

construction.  The analysis establishes the strong, rapid payback for the larger scale 

wind energy at the Falmouth Hospital site under most cases. 

2.4.1 Methodology  

2.4.1.1 Hourly Analysis Foundation 

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 electric use data for forward looking projections.  To replicate 

impacts that would have occurred in 2003 from a wind turbine we have simultaneously 

taken into account: 

·  The Hospital’s 2003 hourly electricity consumption  

·  ISO-NE’s 2003 hourly locational marginal price for the Hospital’s zone 

·  NSTAR’s Time-of-Use tariff structure for Falmouth Hospital’s G3 rate class23.   

·  The 2003 hourly wind resources at the Hospital, and the corresponding electricity 

output from the analyzed turbines.   

From this information we are able to calculate the amount and value of electricity that 

would have been consumed on-site in 2003, and the amount and value of electricity sold 

into the wholesale market.  From above, it was shown that 2003 was a typical year in 

terms wind resources and Hospital electricity consumption, thus providing reassurance 

that projecting 2003 consumption and wind resources to future years is appropriate.   

                                                 
23 The NSTAR G3 Time-of-Use rates differ by three periods that are uniquely assigned to each of 

hour the year.  They are: peak period, off-peak period A, and off-peak period B.   
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2.4.1.2 Projecting Financial Impacts to Future Years  

A wind turbine has an expected 20-year equipment life.  For futures years we assumed 

replication of 2003 wind resources and Hospital electricity consumption24.  We have 

increased prices by assumed inflations rates (e.g., wholesale prices), decreased prices 

per tariff filings (e.g., NSTAR’s transition costs are expected to decrease over the next 

20 years, finally reaching zero in 2024), or assumed prices would stay steady (e.g., we 

assumed that the renewable energy charge, the portion of the bill that funds MTC’s 

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 maintenance), line losses, REC revenue, tax rates, availability 

of the PTC, 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 Hospital ownership and third-party ownership of a turbine 

are summarized in Table 2-4.  

Table 2-4 
Attributes for Financial Base Case Scenarios 

Attribute Hospital Ownership Third Party 
Ownership 

Comment 

Wind Resources 2003 Modeling 2003 Modeling  

Electricity 
Consumption Patterns 

2003 Historical 2003 Historical  

Wholesale Market 
Prices 

2003 Historical 2003 Historical Inflation adjusment 

Site “B” “B” Higher 
interconnection costs 

than Site “A” 

                                                 
24 In reality, electricity consumption almost certainly will increase with the increases in electricity 

consuming equipment (e.g., computers, monitors, CAT scans, etc.).  This will increase the 

percent of on-site consumption and the value of the wind turbine.  
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Attribute Hospital Ownership Third Party 
Ownership 

Comment 

Project Start Date January 2006 January 2006  

Months to Complete 12 12  

General Inflation 3.5% 3.5%  

Energy Inflation 4.5% 4.5%  

Value of Avoiding 
Retail Generation  

6.50 ¢/kWh n/a Inflation adjustment 

Value of Avoiding 
Retail Wire Charges 

2.87 ¢/kWh* n/a *First year weighted 
average charges.  

Portion scheduled to 
decrease over time 

per NSTAR tariff filing.  
Inflation adjustment 

as appropriate. 

All-in cost of turbine 
kWh output to 
Hospital 

n/a 7.00 ¢/kWh No inflation 
adjustment 

REC price 4.00 ¢/kWh for first 3 
years, 3.00 ¢/kWh 

thereafter  

4.00 ¢/kWh for first 3 
years, 3.00 ¢/kWh 

thereafter 

No inflation 
adjustment 

Interest Rate 5.5% 7.0%  

Down Payment  25% 25%  

Loan Term 7 years 7 years  

Marginal Tax Rate 0% 30  

Production Tax Credit n/a 1.8 ¢/kWh Inflation adjustment 

Depreciation 
Schedule 

n/a 5 year MACRS  

Capital Costs See Table 2-1  See Table 2-1   

Operating Costs See Table 2-2 See Table 2-2  

Internal Line Losses 2% 2%  

Turbine Availability  98% 98%  

Grants  None None  
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2.4.3 Financial Results 

2.4.3.1 Base Case Results 

Many of the attributes base case scenarios are defined above in Table 2-4.  In this 

subsection we provide a review of the financial results for the base cases.   

2.4.3.1.1 Hospital Owned 

Table 2-5 provides summary financial results of the four chosen turbine configurations 

without any grants, and Table 2-6 with the maximum CI3 grant of $650,000.  The relative 

financial results are consistent with the information provided above detailing the 

economies of scale of wind turbine installations.  The larger the turbine, the generally the 

better results.  The GE 1.5 performs better financially because even though it is more 

expensive on a $/kW installed basis it has a better capacity factor than the Vestas V8025.  

Under the “no grant” scenario the Vestas V47 never provides a pay back, but provides a 

good payback with the $650,000 grant.  The Fuhrländer 1000 Plus does not become a 

financial winner until after the 10th year of operation without a grant, but provides 

compelling returns with the $650,000 grant.  The GE 1.5sl and Vestas provide much 

faster paybacks.   

Table 2-5 
Financial Results of Hospital Ownership – Base Case No Grant Scenario 26 

Turbine 
Configuration 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

Vestas V47 n/a ($540,739) 4% ($86,676) 16.2 

Fuhrländer 
1000 Plus 

7% ($70,837) 17% $1,073,138 9.4 

GE 1.5sl 32% $907,906 36% $3,026,785 4.6 

Vestas V80 29% $843,855 33% $2,989,274 5.1 

 

                                                 
25 The technological advantage of the GE 1.5 for electricity production is primarily associated with 

Variable Speed Control on which GE holds the exclusive US patent.   

26 IRR=Internal Rate of Return, NPV=Net Present Value.  Unless explicitly noted elsewhere the 

interest rate used to compute NPV for the Hospital is 5.5%, and for a third party owner it is 7.0%.   
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Table 2-6 
Financial Results of Hospital Ownership – Base Case $650,00027 Grant Scenario 

Turbine 
Configuration 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

Vestas V47 15% $83,476 22% $537,473 8.1 

Fuhrländer 
1000 Plus 

35% $534,888 38% $1,676,755 4.2 

GE 1.5sl 69% $1,471,210 70% $3,583,330 2.7 

Vestas V80 61% $1,403,688 62% $3,541,980 2.9 

 

Figure 2-3 and Figure 2-4 provide graphic depictions of the yearly and aggregate (total) 

cash flow for a Hospital owned GE 1.5sl under a no grant and $650,000 grant scenario.  

Figure 2-5 and Figure 2-6 do the same for the Vestas V80.  These four figures make 

clear that the primary benefits of Hospital ownership is after the capital costs of the 

turbine are paid off.  

                                                 
27 $650,000 is the maximum combined design and construction grant through the CI3 program. 
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Figure 2-3 
Cash Flow for Hospital Ownership of GE 1.5sl – Base Case No Grant Scenario 
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Figure 2-4 
Cash Flow for Hospital Ownership of GE 1.5sl – Base Case $650,000 Grant 
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Figure 2-5 
Cash Flow for Hospital Ownership of Vestas V80 – Base Case No Grant Scenario 
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Figure 2-6 
Cash Flow for Hospital Ownership of Vestas V80 – Base Case $650,000 Grant 
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2.4.3.1.2 Third Party Ownership 

Table 2-7 and Table 2-8 provide a summary of the financial payback assuming third-

party ownership for four different wind turbine configurations with the no grant and 

$650,000 grant scenarios.  The first six columns of Table 2-7 (and Table 2-8) are the 

same as Table 2-5, but show the results for a third-party.  The last two columns of Table 

2-7 provide the NPV over 10 and 20 years to the Hospital.  The relative financials 

rankings of turbine configurations are consistent for both Hospital and third-party 

ownership; the GE 1.5sl does the best and the Vestas V47 does the worst.  Figure 2-7 

and Figure 2-8 provide a graphical presentation of the cash flow for a GE 1.5sl for third-

party owner with and without a $650,000 grant.  As can be seen both the Hospital and 

the third-party benefit. 

There is value to the Hospital under third-party ownership as it is assumed that the 

hospital procures electricity generated from the wind turbine at savings as compared to 
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retail rates.  In the first year of turbine operation (2007) the third-party sells electricity 

produced from the turbine at 7.0 ¢/kWh which will be an average savings of 2.5¢/kWh 

over the kWh charges the Hospital would have paid on their utility bill for the same kWh 

consumption28.   

It is interesting to note the financial results for a third-party owner in Table 2-7 and Table 

2-8 are superior to Hospital ownership as seen in Table 2-5 and Table 2-6.  This occurs 

even after providing the Hospital with substantial cost savings over the status quo, a 

discount of ~2.5¢/kWh from its current retail costs on wind turbine generated electricity 

the Hospital consumes (e.g., a little more than $75,000 in the first year of operation).  

The reason this result can occur even while a third-party pays 1.5% more in interest than 

the Hospital is directly a function of the tax benefits available to a third-party: the 

Production Tax Credit (PTC) and the accelerated MARCS depreciation schedule.   

Table 2-7 
Financial Results of Third-Party Ownership – Base Case No Grant Scenario  

Turbine 
Configuration 

IRR-10 
Years 

NPV-10 
Years 

IRR-20 
Years 

NPV-20 
Years 

Years 
Until 
Cash 
Flow 

Positive 

Hospital 
NPV-10 
Years 

Hospital 
NPV-20 
Years 

Vestas V47 n/a ($335,709) n/a ($341,662) n/a $331,473 $809,477 

Fuhrländer 
1000 Plus 

16% $129,663 19% $475,740 7.9 $528,071 $1,288,835 

GE 1.5sl 45% $1,033,114 46% $1,962,794 3.0 $721,615 $1,760,940 

Vestas V80 42% $1,001,994 43% $1,968,513 3.1 $706,479 $1,724,017 

 

Table 2-8 
Summary Financial Results of Third-Party Ownership – Base Case $650,000 Grant 

Scenario  

Turbine 
Configuration 

IRR-
10 

Years 

NPV-10 
Years 

IRR-
20 

Years 

NPV-20 
Years 

Years 
Until 
Cash 
Flow 

Positive 

Hospital 
NPV-10 
Years 

Hospital 
NPV-20 
Years 

                                                 
28 It is assumed the Hospital still pays the same customer, demand charges as before to NSTAR.  

The Hospital also will pay energy charges to NSTAR for all the kWh that was not provided by the 

wind turbine.   



 

Final FH Wind Turbine FS Page 2-25 February 25, 2005 

Turbine 
Configuration 

IRR-
10 

Years 

NPV-10 
Years 

IRR-
20 

Years 

NPV-20 
Years 

Years 
Until 
Cash 
Flow 

Positive 

Hospital 
NPV-10 
Years 

Hospital 
NPV-20 
Years 

Vestas V47 11% $12,674 6% ($1,854) 8.5 $331,473 $809,477 

Fuhrländer 
1000 Plus 

39% $440,773 40% $774,527 3.1 $528,071 $1,288,835 

GE 1.5sl 73% $1,284,238 73% $2,195,541 2.4 $721,615 $1,760,940 

Vestas V80 67% $1,258,870 67% $2,207,579 2.5 $706,479 $1,724,017 

 

The Hospital, as well, as the third-party does better financially, the larger the wind 

turbine installed.  The Hospital does better as a larger turbine creates more electricity 

that is consumed on-site at a lower cost than could be procured traditionally.  The third-

party does better because a larger wind turbine is less expensive to install and maintain 

on a per kW basis than a smaller wind turbine.  While not shown here, the Vestas V47 is 

still a viable option, if the Hospital is willing to take less of a price break on the energy 

the turbine produces (e.g., pay 8.0 ¢/kWh instead of the assumed 7.0 ¢/kWh).   

Figure 2-7 
Cash Flow for Third-Party Ownership of GE 1.5sl – Base Case No Grant Scenario 
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Figure 2-8 
Cash Flow for Third-Party Ownership of GE 1.5sl – Base Case $650,000 Grant 
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2.4.3.2 Sensitivity Analysis 

This subsection provides an analysis of the major factors that may affect the payback on 

a wind turbine.  The major factors that are analyzed are wind resources, capital costs, 

interest rates, generation prices, and availability of the PTC.  

2.4.3.2.1 Wind Resources 

In Table 2-9, the mean wind speed is varied at 2.5% intervals from the mean (65 meters 

– the hub height of a GE 1.5 sl on a 65 meter tower) applicable wind speed.  The 

variation of wind resources results in corresponding variations in capacity factor, and 

therefore financial payback.  As Table 2-9 financial returns are very sensitive to wind 

resources.  Wind resources are being analyzed very closely on Cape Cod.  Additional 

studies of wind resources have been completed in Eastham and are currently taking 



 

Final FH Wind Turbine FS Page 2-27 February 25, 2005 

place at the Falmouth Waste Water Treatment Plant, Bourne, and Orleans.  In the 

future, these analyses will help corroborate the wind modeling performed for this study.   

While not shown here, not surprisingly, there is similar financial payback sensitivity to 

wind resources for a third-party owned wind turbine. 

Table 2-9 
Sensitivity of Financial Returns to Wind Speed for a Hospital Owned GE 1.5sl 

Mean 
Wind 
Speed 
(m/s) 

Capacity 
Factor 

IRR-10 
Years 

NPV-10 
Years 

IRR-20 
Years 

NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

5.79 24% 15% $227,111 22% $1,764,999 8.2 

5.95 26% 19% $399,855 25% $2,085,672 7.4 

6.11 27% 23% $561,807 28% $2,385,698 6.3 

6.27 29% 28% $742,937 32% $2,721,168 5.3 

6.43 30% 32% $907,906 36% $3,026,785 4.6 

6.59 32% 37% $1,075,888 40% $3,337,748 4.1 

6.75 33% 41% $1,245,651 44% $3,652,208 3.8 

6.91 35% 46% $1,407,568 48% $3,951,342 3.5 

7.08 36% 50% $1,575,253 52% $4,261,311 3.3 

 

2.4.3.2.2 Capital Costs  

The MTC’s CI3 program (which has partially funded this Feasibility Study) is offering 

competitive grants for up to $150,000 for design and $500,000 for construction 

(maximum 50% of the cost of each) for wind turbines and other renewable generation.   

The Hospital, as a charitable organization, has a much better chance of winning multiple 

matching grants in addition to the MTC funding for a wind turbine project, and thus we 

believe that it is likely to win grants that would cover 50% of the capital costs of a wind 

turbine.  If 50% of the capital costs were covered by grants then the IRR would be 118% 

for a hospital owned GE 1.5 sl. 

Capital costs can vary either higher or lower from these estimates.  Any number of 

factors might cause costs to be higher than estimated, including a continuing weak 

dollar, high demand and tight supply of wind turbines, unforeseen construction costs.  

Conversely, supply of wind turbines might outstrip demand as U.S. manufacturing plants 
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come on-line, the dollar may strengthen, steel prices may decrease.  In addition the 

Hospital (or a third-party) may apply for readily available grants to defray some of the 

capital costs.  As detailed above, there are numerous other organizations to which the 

Hospital, as a charitable organization, can apply for additional grants.  Many of these 

other grant making organizations would not or could not (because of tax laws and their 

charter) be able to provide support to a third-party for-profit owner.   

Table 2-10 and Table 2-11 show the sensitivity of financial results to capital cost 

variation for a GE 1.5sl for both Hospital owned and third-party owned scenarios.  

Financial results are much more sensitive to capital cost variation for a Hospital owned 

wind turbine than a third-party owned wind turbine.  The reason for this difference in 

sensitivity is caused by tax effects.  While the opportunity to depreciate capital costs and 

decrease tax impacts makes a third-party owned turbine have faster paybacks than a 

Hospital owned turbine, the tax effects also dampen the impact of any grants.  

Specifically, any capital grants would decrease the PTC on a pro-rata basis as well as 

decrease the amount of capital that can be depreciated.   

Also note in Table 2-10 a Hospital owned turbine shows grants up to 50% of capital 

costs (i.e., capital cost variance of -50%), while Table 2-11 for a third-party owned 

turbine only shows grants up to 30% (i.e., capital cost variance of -30%).  The 30% level 

approaches the MTC CI3 program maximum, which we believe is the likely maximum a 

third-party could realistically achieve for a project.   

Table 2-10 
Sensitivity to Capital Cost Variation for a Hospital Owned GE 1.5sl 

Capital Cost 
Variance 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

20% 20% $534,428 26% $2,655,761 7.2 

15% 23% $628,466 28% $2,749,265 6.6 

10% 26% $722,099 30% $2,842,316 5.8 

5% 29% $815,269 33% $2,934,849 5.2 

0% 32% $907,906 36% $3,026,785 4.6 

-5% 36% $999,927 39% $3,118,031 4.2 

-10% 41% $1,091,229 43% $3,208,472 3.8 

-15% 46% $1,181,685 48% $3,297,965 3.5 

-20% 52% $1,271,136 53% $3,386,334 3.2 
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Capital Cost 
Variance 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

-25% 58% $1,359,381 59% $3,473,352 3.0 

-30% 66% $1,446,162 67% $3,558,730 2.8 

-35% 76% $1,531,141 76% $3,642,091 2.6 

-40% 87% $1,613,868 88% $3,722,930 2.4 

-45% 101% $1,693,727 101% $3,800,559 2.2 

-50% 118% $1,769,860 118% $3,874,015 2.1 

 

 

Table 2-11 
Sensitivity to Capital Cost Variation for a Third-Party Owned GE 1.5sl 

Capital Cost 
Variance 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

20% 34% $859,417 36% $1,799,202 3.5 

15% 36% $903,452 38% $1,840,779 3.4 

10% 39% $947,117 40% $1,881,944 3.2 

5% 42% $990,358 43% $1,922,639 3.1 

0% 45% $1,033,114 46% $1,962,794 3.0 

-5% 48% $1,075,306 49% $2,002,322 2.9 

-10% 51% $1,116,841 52% $2,041,119 2.8 

-15% 55% $1,157,604 56% $2,079,056 2.7 

-20% 60% $1,197,449 61% $2,115,973 2.6 

-25% 65% $1,236,192 66% $2,151,665 2.5 

-30% 71% $1,273,598 71% $2,185,869 2.4 

-35% 78% $1,309,358 78% $2,218,243 2.3 

-40% 85% $1,343,060 86% $2,248,328 2.2 

-45% 95% $1,374,144 95% $2,275,501 2.1 

-50% 105% $1,401,823 106% $2,298,888 2.0 
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2.4.3.2.3 Interest Rates  

Table 2-12 displays the sensitivity of financial returns for a wind turbine project.  As it 

turns out, financial returns are relatively insensitive to changes in interest rates.  The 

reason for this relative insensitivity is interest rate changes have smaller changes on 

cash flow than other factors.   

Table 2-12 
Sensitivity of Returns to Interest Rate Variation for a Hospital Owned GE 1.5sl 

Interest Rate IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

4.5% 34% $1,052,825 37% $3,515,320 4.4 

5.0% 33% $978,932 36% $3,262,494 4.5 

5.5% 32% $907,906 36% $3,026,785 4.6 

6.0% 31% $839,617 35% $2,806,836 4.8 

6.5% 30% $773,943 34% $2,601,410 4.9 

7.0% 30% $710,768 34% $2,409,377 5.1 

7.5% 29% $649,982 33% $2,229,706 5.2 

 

2.4.3.2.4 Retail Generation Price  

To review terminology, the retail generation price is the competitive portion of the 

Hospital’s electricity bill charged on per-kWh basis.  The default retail generation price 

will rise to 7.1 ¢/kWh on March 1, 2005, and that is the price the Hospital will pay unless 

they choose to purchase electricity competitively29.  There are additional energy (kWh) 

charges, plus demand (kVA) and customer charges on the Hospital’s bill.  The additional 

“wire” energy charges of ~2.8 ¢/kWh are set per tariff, and are not negotiable.   

The base case scenario for Hospital ownership assumes a retail generation price of 6.5 

¢/kWh (the generation price the Hospital would avoid with wind turbine electricity output 

consumed on-site).  Table 2-13 displays the sensitivity of financial payback to variations 

in retail generation prices.  Retail energy prices have been very volatile and have risen 

sharply in recent years, so any of these scenarios are plausible.  As can be seen in 

                                                 
29 Lee Nolin, the Hospital’s Director of Support Services, has informed us that he is negotiating to 

procure generation services competitively.   
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Table 2-13 financial returns are sensitive to changes in retail generation prices.  Higher 

retail prices result in compelling financial returns.  Lower retail prices still provide positive 

financial returns.  Importantly as noted above, the installation of a wind turbine provides 

a hedge against increases in retail prices, and more control on a budget line-item that 

likely has been problematic for financial planning purposes.   

Table 2-13 
Sensitivity of Returns to Retail Generation Price Variation for a Hospital Owned 

GE 1.5sl 30 

Generation 
Costs 

IRR-10 Years NPV-10 
Years 

IRR-20 Years NPV-20 
Years 

Years Until 
Cash Flow 

Positive 

0.0450 $/kWh 17% $286,689 23% $1,715,174 7.9 

0.0500 $/kWh 21% $441,993 26% $2,043,076 7.1 

0.0550 $/kWh 24% $597,298 29% $2,370,979 5.9 

0.0600 $/kWh 28% $752,602 32% $2,698,882 5.2 

0.0650 $/kWh 32% $907,906 36% $3,026,785 4.6 

0.0700 $/kWh 36% $1,063,210 39% $3,354,688 4.2 

0.0750 $/kWh 40% $1,218,515 43% $3,682,591 3.9 

0.0800 $/kWh 44% $1,373,819 46% $4,010,494 3.7 

0.0850 $/kWh 48% $1,529,123 50% $4,338,397 3.5 

 

Table 2-14 shows the sensitivity of retail generation prices under a third-part ownership 

scenario.  The third party’s returns are very insensitive to retail price variation as it is 

assumed that they would sell output to the Hospital at a fixed price.  The only variation in 

financial results is associated with electricity production in excess to what the Hospital 

can consume on-site and would be sold at wholesale generation prices (which are 

assumed to be perfectly correlated with retail generation prices for this analysis).  

Conversely, the Hospital’s financial payback under third-party ownership is quite 

sensitive to changes in the retail generation price.  This is not surprising as the 

difference between the retail price of energy and the cost negotiated for purchase from a 

                                                 
30 We have assumed that the wholesale energy price will correlate perfectly with for this analysis.  

Thus a 10% increase in the retail generation price will result in a 10% increase in the wholesale 

generation price Falmouth Hospital would receive for electricity production not consumed on-site.  
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wind turbine is the major variable in calculation of the Hospital’s financial value in a third-

party ownership scenario.   

Table 2-14 
Sensitivity of Returns to Retail Generation Price Variation for a Third-Party Owned 

GE 1.5sl 

Generation 
Costs 

IRR-
10 

Years 

NPV-10 
Years 

IRR-
20 

Years 

NPV-20 
Years 

Years 
Until 
Cash 
Flow 

Positive  

Hospital 
NPV-10 
Years 

Hospital 
NPV-20 
Years 

0.0450 
$/kWh 

41% $912,689 42% $1,726,064 3.1 $204,295 $668,691 

0.0500 
$/kWh 

42% $942,795 43% $1,785,247 3.1 $333,625 $941,753 

0.0550 
$/kWh 

43% $972,901 44% $1,844,429 3.1 $462,955 $1,214,816 

0.0600 
$/kWh 

44% $1,003,008 45% $1,903,611 3.0 $592,285 $1,487,878 

0.0650 
$/kWh 

45% $1,033,114 46% $1,962,794 3.0 $721,615 $1,760,940 

0.0700 
$/kWh 

45% $1,063,220 46% $2,021,976 3.0 $850,945 $2,034,002 

0.0750 
$/kWh 

46% $1,093,326 47% $2,081,158 2.9 $980,275 $2,307,064 

0.0800 
$/kWh 

47% $1,123,432 48% $2,140,340 2.9 $1,109,605 $2,580,126 

0.0850 
$/kWh 

48% $1,153,539 49% $2,199,523 2.9 $1,238,935 $2,853,188 

2.5 Conclusions  

Site Layout 

·  The three parcel site is well developed and fairly constrained in terms of potential 

locations for wind turbine development.  In our site alternative evaluation, Site A 

is marginally better for turbine placement versus Site B.  In either location, 

abutter property and/or public ways are located within potential wind turbine fall 

zones.   

Energy Infrastructure & Consumption 

·  There is more than sufficient consumption to justify a wind turbine over 1000 kW.   
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Engineering and Interconnection Requirements 

·  An installation wind turbine would not affect the current configuration of 

emergency back-up.  The wind turbines would only displace traditional utility 

distributed kWh; they are not envisioned to provide emergency back-up service 

and they will not allow the Hospital to no longer procure electricity over the 

NSTAR distribution system.  

·  The wind generation can provide system-wide benefits including a dampening of 

wholesale prices and increased diversity of supply.  For example in the intense 

cold snap of January 2004 the ISO-NE came very close to calling rolling black-

outs caused by the lack of natural gas to run power plants.  The Hospital (and 

other wind generation) could have helped to avert this crisis as it would have 

consumed less electricity from the electric grid, preserving natural gas supplies in 

the days leading up to the crisis.  

Environmental Resource Assessment 

·  There are likely no significant impacts on the local environment from constructing 

a single wind turbine.   

·  Additional detailed studies of breeding birds at the project site and further 

conversations with state resource management agencies are recommended prior 

to finalizing an impact finding.   

·  Post development monitoring studies, such as carcass surveys, using current 

state-of-the-art protocols are beneficial to determine the actual direct impacts of 

the wind turbine on birds and would add significant value to making future 

determinations about single turbine impacts for other projects.   

·  Regional air quality benefits would occur from the wind turbine.  These quantities 

are estimated to be over two tons/yr of CO2, four tons/yr of SO2 and 280 lb/yr of 

NOx from one 1.5 MW wind turbine.   

Permitting 

·  Legal opinion is recommended to provide additional interpretation of the Town of 

Falmouth Bylaws in the following areas: 

o Placement of the wind turbine may be precluded outside of the 

developer’s land as a result of the fall zone even with an easement 
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o  Above ground electric transmission wires may be warranted for certain 

site conditions and the current bylaw language precludes this.   

o Clarify whether there is a height limit for wind turbines  

·  Boreal recommends that if there are any required Falmouth Zoning changes they 

be crafted to facilitate and streamline the approval process for the introduction of 

wind power due to its benefits for the protection of public health and the 

environment as compared to existing generation technology. 

·  MassHighway load and height limits for State highways for two vendors’ utility-

scale turbines are exceeded requiring independent civil engineering evaluation 

relating to transport during the design phase. 

·  All other local, state and federal regulatory approvals are anticipated to be readily 

obtainable during the design phase. 

Economic Feasibility Analysis 

·  A wind turbine, by supplying half the electricity consumed at Falmouth Hospital 

can dampen the effect of recent rate increases significantly that currently cost the 

hospital an additional $150,000/year versus 2003 rates. 

·  Falmouth Hospital has an unusual combination of superior wind resources, high 

electric consumption, and high electric rates to make the installation of a wind 

turbine a great financial benefit.   

·  The financial benefits of a larger wind turbine is optimized by avoiding retail rates 

(~9 ¢/kWh) and does not place excess power into the lower valued wholesale 

market (~5 ¢/kWh).   

·  Whether a MWh of production is consumed on-site or sold wholesale; it still 

creates a REC (~5 ¢/kWh in the near term). 

·  The internal rate of return over the 20 year lifetime of the project a is estimated to 

be 36% for a GE 1.5sl and 33% for a Vestas V80 under the base case Hospital 

ownership scenario.  .  

·  A third-party owning the turbine is a viable alternative to Hospital ownership.  A 

base case estimates $75,000 in savings for the hospital per year, and provides 

ample payback to the third-party.   
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·  It is very likely that the Hospital or a third-party could receive grants to defray a 

substantial portion of their capital costs (up to 50% for the Hospital).  We 

estimate this could increase the 20-year IRR from 36% to potentially 118% on a 

Hospital owned turbine.   

·  The sensitivity analysis showed the financial returns most sensitive to wind 

resources, then capital investment costs and retail generation prices, and least 

sensitive to interest rate fluctuations.   

2.5.1 Next Steps   

·  Apply to MTC design and construction grant for March round of grants 

·  Obtain legal support to clarify local Town of Falmouth zoning issues. 

·  Proceed to design, engineering and construction following consultation with 

Hospital on final site selection 

o Investigate highway constraints by a qualified engineer.  If they are a 

critical constraint for larger turbine, select smaller model.. 
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A RESPR Wind Resource Modeling Methodology 
 

RESPR employed a parallel version of the Regional Atmospheric Modeling System 

(RAMS), a mesoscale atmospheric model based on finite-difference formulations, with 

the grid-nesting capability, to complete the yearlong wind assessments.  The ~12-km 

horizontal resolution Eta model data sets, available every 6-hours and 4 times a day, 

from the National Centers for Environmental Prediction (NCEP) are used to develop 

these yearlong wind assessments.  The NCEP data were interpolated to the desired 

horizontal resolution of 1 km in the innermost (third) grid centered at the longitude of 

70.6228W and the latitude of 41.5634N for the Falmouth Hospital Wind Feasibility study.   

The outer two model grids were also centered at this same location.  The vertical 

resolution is the same in all three grids.  The first model level is at 12 m, the second level 

is at 38 m, the third level is at 67 m, the fourth level is at 99 m, and so forth above the 

model resolved surface.  The model configuration had a total of 50 levels to cover a 

model depth of 17.5 km.  The innermost (third) grid covered a horizontal domain of 26-

km x 26-km for the total area of 169,000 acres.  The model resolved a ground level of 14 

m (46.2 ft) and a vegetation class of combination of evergreen and broadleaf type at the 

center of the innermost model domain. 

Starting on 01/01/2003 at 6Z (1 AM local time) and ending on 1/01/2004 at 0Z (7PM 

local time, 12/31/2003), a total of 1460 short-term simulations were completed for this 

wind assessment project.  The number of computer nodes used for the project was 10.  

Each simulation was run for 3.5 hours from which only the last hour output (between 2.5 

to 3.5 hours) was saved.  Wind speed, temperature, and density were retrieved from 

these short-term model output to produce wind speed information for the entire year of 

2003. The three variables of wind speed, temperature, and density were extracted from 

the model output at the third level of 67 m, the hub height for the planned wind turbine. 

Our model procedure then includes the determination of the corrections involved in the 

model consistent biases.  Two such biases, corrected for in this analysis, are: 1) the 

minimized interpolation bias and 2) the bias due to excessive surface drag effects.  

These corrections were estimated to be –0.4 m/s and –0.35 m/s from several test 

simulations and comparisons with a nearby site of Orleans, Cape Cod, Massachusetts, 

for a total wind speed correction of –0.75 m/s.  Errors in the initial conditions for the 

model cannot be effectively accounted for in this procedure.  Our fairly extensive model 
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tests and comparisons with measurements at various sites in the U.S. show that the bias 

introduced from the initial-conditions error may be within the error band of +or- 2% from 

the annual capacity factor determined using the computationally intensive simulations. 

The six hour interval modeled wind speed, temperature, and air density are provided as 

a separate spreadsheet document.   
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B Selected Grant Resources  
There are a large quantity of environmental funding sources that may be applicable for 

renewable energy projects.  For example, see some of the following links: 

http://clearinghouse.ces.utexas.edu/fundoppslnks.htm, 

http://www.socialinvest.org/areas/general/Publications.htm, or 

http://www.environmentalgrants.com/.  

The table below provides a selection of organizations screened from accessing 

databases at Associated Grant Makers of Boston (see http://www.agmconnect.org/).  

Note that some large, well-known grant making organizations (e.g., Rockefeller 

Foundation, Pew Charitable Trusts) were deemed not applicable for this project as they 

did not appear to fund large capital intensive infrastructure projects. 

Example and Selected Grant Making Organizations  
From Associated Grant Makers Databases 

Grant Making Organization / 
URL 

Comments / Notes 

Abbott & Dorothy H. Stevens 
Foundation 

Program emphasis on health; education; 
conservation/preservation; arts and humanities; 
welfare and community development. 

Asea Brown Boveri Inc. 
Corporate Giving Program 

Asea Brown Boveri makes charitable 
contributions to nonprofit organizations involved 
with education and energy conservation. 

Edward Bangs Kelley and Elza 
Kelley Foundation, Inc. 
 

Foundation supports projects, activities and 
scholarships which contribute to the health and 
welfare of inhabitants of Barnstable County. 
Distribution of grants: 1/3 health and 
environmental; 1/3 cultural and human services; 
1/3 educational and scholarships. 

Henderson Foundation Support for community cultural programs, higher 
education and research, policy organizations, 
foreign policy, peace & media issues, hospitals, 
health and research organizations. 

Mark and Catherine Winkler 
Foundation 

Giving primarily for social services, particularly 
for aid to single parents, environmental projects, 
conservation, and medical research. 

Massachusetts Environmental 
Trust 
www.massEnvironmentalTrust.or
g  

The Trust has a legislatively-enacted mandate and 
conducts all its grantmaking activities toward 
projects that protect and restore the water and 
related resources of the Commonwealth. 

Massachusetts Technology Competitive Commercial, Industrial, Institutional 



 

Final FH Wind Turbine FS Page B-2 February 25, 2005 

Grant Making Organization / 
URL 

Comments / Notes 

Collaborative’s Renewable 
Energy Trust 
http://www.mtpc.org/renewableen
ergy/index.htm  
 

Initiative provides up to 50% of design and 
construction costs.  Maximum $650,000 grant.   

Saint-Gobain Corporation 
Foundation 

 

Surdna Foundation, Inc. 
http://www.surdna.org  

The foundation©s guidelines focus on five areas: 
1) The Environment, specifically transportation 
and energy, urban and suburban issues, and 
biological and cultural diversity; …and 5) The 
Nonprofit Sector. The foundation is particularly 
interested in fostering catalytic, entrepreneurial 
programs that offer solutions to difficult  systemic 
problems. 

The John Merck Fund 
http://www.jmfund.org  

The John Merck Fund makes grants in five 
program areas: Developmental Disabilities, 
Environment, Reproductive Health, Human 
Rights and Job Opportunities. 

The Oak Foundation U.S.A. 
http://www.oakfnd.org  

To address issues of global, social, and 
environmental concern, particularly those that 
have a major impact on the lives of the 
disadvantaged. 

USDA Rural Development Grant 
and Loan Program 
http://www.rurdev.usda.gov/  

Grant and loan programs.  Some programs are not 
eligible for non-profits.   

Yawkey Foundation II 
http://www.yawkeyfoundations.or
g/  

Education of Youth, Health, Social Services - 
Homeless, Hungry and Underprivileged, Youth 
Activities, particularly Youth Baseball, Cultural 
Activities (i.e., museums, theatres and libraries), 
Conservation 

 

 



 

Final FH Wind Turbine FS Page C-1 February 25, 2005 

C Full WindREAP Report 
An electronic version of Woodlot Alternatives full WindREAP report is provided as a 

separate attachment.  
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D NHSEP Material 
 

D.1 Request for Information of Significant Wildlife Resources 
Letters to the US Fish and Wildlife Service (USFWS) and the Massachusetts Division of 

Fisheries and Wildlife (MassWildlife) Natural Heritage and Endangered Species Program 

to have them initiate and perform a review of both federal and state listed endangered 

species project site are provided as separate attachments to this report.   

D.2 MassWildlife Response 
MassWildlife’s response to the request for review is provided below.   
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