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ABSTRACT

The ingdldion in 2001 of a Vedas 660 kW wind turbine & Windmill Point in Hull,
Massachusetts represents a high point in the long higtory of wind energy activity a this
location. The dte is in a highly populated coedd aea, within 8 miles of Bodon (aty
hdl) and within 5 miles of Logan Airport. Its location makes this project unique in the
United States This paper documents the history of this project, from its early precursors
in the 1800's, through the ingdlation of a 40 kW Enertech machine in the 1980's to the
ingdlaion of the new turbine The turbine is owned and operated by the Hull Muniapd
Light Plant (HMLP), and the project was developed by HMLP with assgance of the
Universty of Massschusetts Renewable Energy Reseach  Laboratory and  the
Massechusetts Divison of Energy Resources The issues that were addressed and the
factors that led to successful redization of the project are discussed here In addition, a
summary of the fird year's peformance of the wind turbine is given.  The paper dso
presents an overview of posshble future wind generation projects thet are under discussion
in the tovn These incdude (1) the inddlation of a ssecond land-based wind turbing, (2)
the condruction of a smdl offshore wind fam, and (3) usng wind to power a proposed
dedination plant.

1.0 Introduction/Background

The town of Hull, Massachusetts is located on a peninsula in Boston Harbor, as shown in
Fgure 1. Its populaion averages about 11,000, and increases to over 16,000 during the
summer vacation season..  Electricity is supplied to the resdents by the Hull Munidpe
Light Pant (HMLP), a muniapaly owned utility. Annua average power consumption is
aoproximately 6 MW (corresponding to an energy use of goproximady 53,000
MWhiyr). HMLP purchases mogt of its dectricity a wholesde from the Massachusetts
Municipad Wholesale Electric Company. In 2001 HMLP ingdled a new, 660 kW turbine
a Windmill P, a the tip of the town. This turbine ste is dose to the high schoal, within
100 ft of the dte of a 40 kW turbine (snce removed), which had been ingdled
goproximately 20 years beforehand.

Insofar as the town is in a highly populated coestd area, within 8 miles of Bodon (city
hdl) and 5 miles of the runways a Bogon's Logan Internationd Airport it might a firdt
seem that it would be a difficult location & which to dte a wind turbine. In fact, there are
many factors that afect the dting of a wind turbine anywhere. Some of these tend to
make dting more difficult a towns such as Hull; others make it easer. The purpose of
this paper is to examine those factors and the manner in which they afected Hull's



decison to procead with its new turbine. In addition, the paper addresses the posshilities
for future wind energy devdopment in Hull, and consders how the experience of Hull
may be rdevant to other communities.

Figure 1 Hull Location (with respect to Boston Harbor)

1.1 Initial Interest in Wind Energy Development

The fird thing to congder iswhy the resdents of town such as Hull (or any town, for thet
matter) would consder ingdling a wind turbine in the firg place. Based on converstions
that occurred during the planning process basically three reasons could be discernedt

Ervironmentd symbolisnt Environmental  symbolism was  probably  the mogt
important  factor among the early proponents of the project. These proponents
surmised that Hull had an attractive wind resource, knew that Hull had a higory of
usng wind enagy, bdieved tha wind energy could agan play a dgnificat role in
the town, felt that Hull could make a statement that wind energy was an dtractive and
environmentaly sensble option for the town, and antticipated that a turbine there
could serve as an example for other towns contemplating Smilar projects.

Electricdty cogt savings Potentid cogt savings in eectricity was a second reason that
was voiced. A number of resdents bdieved that it should be possble to generate
dectricity from wind & lower cog than the town's municipa light plant could
purchase it. If this could be shown to be the case, then that was seen to be a purdy
pragmatic reason to consider the project.

Sability of dectricity raes Price dability in dectric rates is a variant of the second
reason. In this case, the concern was less with immediate cost savings, and more with
insuring more dable dectricity codts over the lifetime of the project. The reason was
based in the obsarvation that the mgority of costs associaed with wind energy
generation occur a the beginning of the project, and are thus predictable and sable.

1.2 Obstacles to Wind Energy Development

Regardless of the possble benefits of a wind energy proect to a town, there ae

invariadbly a number of issues or obdtacles that must be congdered. The fdlowing is a
lig of potentid isues that are typicdly conddered in any project of this type The issues



in 0 far as they were percaived & Hull are summarized in the ligd. The important ones
are eaborated upon in grester detall later in the paper.

Beneficiaries of project vs those impacted by project The proposed owner and
operator of the project was adways to be the Hull Municipd Light Plant. The
bendficiaries were thus the resdents of Hull. Smilaly, those dfected were dso
resdents, with those closest to the turbine being the most affected.

Visud_impect The new turbine was expected to be large, and thus to be quite visble
To some extent the concan for the visud impact was less than it might otherwise
have been

Noise: Noise is commonly brought up in reation to wind turbine proposd. The
proximity of Hull the Logan Airport flignt path, as wdl as the expeience with a
previous turbine near the dte diminished concern with this issue  Nonethdess,
detailed congderation was given to thisissue in the devel opment process.

Avian impact The possible effect of a wind turbine on birds has become a concern in
nearly every sting exercise ever snce the problem firg arose in Cdifornia The issue
did arisein Hull aswdl, but in fact generated little debate.

Vadue of energy produced: The vadue of energy is an important condderation in every
wind energy project because it has direct impact on the project’s economics. In Hull,
the vaue of was taken to be the average unit cost of energy pad by the municipd
light plant to its supplier, Massachusetts Municipal Wholesde Electric Company.
Guaranteed market for the energy: Having a guaranteed market for wind generated
dectricity is crucid to any project. In meny cases, what is sought is power purchase
agreament (PPA).  Since Hull has a muniapd ligt plat, it is its own market, and
needed no additiona PPA.

Responghility of operation, mantenance and dismantling: A 40 kW wind turbine was
previoudy inddled near the high school, and was operated and maintained by school
as wel. This method of O&M was perceved as being a factor in the low avalahility
of that turbine. Accordingly, & the outset of the new project, HMLP proposed to
assume the role of operator and maintainer.

SKkepticiam in technology: Skepticiam in new technology is common and not without
foundation. Hull had some experience with modern wind energy technology, so it was
not completdly new to them. The previous turbine did not function as well as hoped.
Nonetheless, it did function to some degree, and it may be that the experience with
that turbine, together with an underganding of how the wind turbines had changed
ove the lagt twenty years prevented resdents from expressng much concern over
the technology.

Confidence in proponents: Townsfolk may underdandably be skepticd about advice
from any source, whether from locad proponents, developers, sdesmen, or officids
from out of town. The process Hull used was conducive to building up trus, by being
dow, ddiberate, and securing the assstance of entities that were familiar with the
technology and theiissues, but did not stand to profit from the outcome.

Parmitting and zoning: Parmitting and zoning are often issues in any proposed wind
enagy proect. In Massschusetts municipd light plants are exempt from zoning
requirements, o that was not a concern in Hull. In any case, the land where the
turbine was dted was owned by the town. Difficulties with other permitting issues




were minimized on account of the ddiberae process of involving the town in the
decigon making.

1.3 Factors Affecting Hull’s Decision to Install a Wind Turbine

The factors affecting Hull's decison to inddl a new wind turbine are closdy rdaed to
the issues that needed to be addressed to redize such a project (as outlined above). The
most important factors are summarized below.

Municipd dectric light plant. Hull is one of 40 towns in Massachusdts that have
municipaly owned dedric utiliies  All of trese utilities were st up in the early days
of dectrification (before 1927). They serve about 13% of the customers in the date.
Municipd utilities can generate their own dectricity, dthough mogt of them do not do
0. In generd, they purchase dectricity from wholesders such as the Massachusetts
Municdpa Wholesdle Electric Company, and then digtribute that power to customers
in the town. Municipd utilities own and sarvice the digribution system in their town.
Thus, they are experienced in isses associated with dectricty supply.  Municpd
utilities are operated under the management of a Light Board, which is dected by
reddents of the town. Day to day operdion is caried out under the direction of the
Superintendent or Operations Manager. The presence of a munidpd utility in a town
amplifies the process of acquiring didributed generation (such as a wind turbine),
gnce there is dear mechaniam for doing s0. This was certainly true in the case of
Hull, where the muniapd light plant was a participant in al dagesin the process.

Locd champions. Undataking projects of the type described in this paper can be a
long, dow process. Expeience has shown tha having a few locd people
(“champions’) who can push the project dong can gredly fadlitate the process. Hul
was fortunate to have two champions, one a detemined resdent, the other the
Operations Manager of the Light Plant.

Good wind resource. It was dready gpparent to the casud obsarver that Hull has a
promisng wind resource. Hull is on a peninsula far out in Bogon Harbor, with as
good an exposure to the winds as anywhere on the coast of Massachusetts. Higtoricdl
experience from the days of sal, as wdl as the peformance of the previous wind
turbine, dl were condgent with that observation. During the course of the project,
the wind resource was quantified to some extent by reference to monitoring Sations
a nearby Logan Airport and Thompson Idand.

Public_invavement. Public involvement is one of the keys to addressing concerns of
the resdents  The decison meking process involved the public a every dep. This
process was fadilitated by the participation of the municipd light plant in the project.
Previous experience. As mentioned above, and as will be described in more detall
bdow, Hul had previoudy had a wind turbine inddled very cdose to where the
current turbine is now locaied.  Experience with that turbine was not atogether
pogtive, but it did hdp to focus atention on important issues and minimize concern
with issues that are lessimportant.

Public benefit. As discussed above, the energy produced by the turbine was
recognized to benefit the town directly, through reduction in purchased energy. This
was made paticulaly concrete by the Light Plant’s decison to use pat of the
“profit” from the wind turbine to cancel the bills to the town for the stredt lights.




Avalable gte No project can succeed without a suitable Ste. Hull was fortunate in
that it owned a gte (Windmill Point) with good exposure to the winds, where the
turbine could be sited without serious conflicts with other uses.

Technica _support: Innovetive projects such as the one in Hull often require
ggnificant technical support to be brought to successful fruition.  Hull was fortunate
in that it could take advantage of the Commonwedth’'s Divison of Energy Resources

long danding partnership with the Universty of Massachusatts Renewable Energy
Research Laboratory to assg in this project

2.0 History of Wind Energy in Hull

Hull has a long higory of the use of wind for land based goplication, beginning a leest
200 years ago. The following is a brief higory of Hull's use of windmills and wind
turbines.

2.1 Early Windmills in Hull

Thetip of the Hull peninsula where the new turbineislocated, has been referred to as
“Windmill Point” Snceat leest the early 1800's. The spot acquired the name becauseit
was the gte of awindmill which was used in the production of sdt from seawater. A
mill amilar to the one usad in Hull is shown in Fgure 2.

Figure 2 Windmill of type usaed in Hull (photo from Orleans, MA)

2.2 The First Modern Wind Turbinein Hull

In the early 1980's the town of Hull gpplied for and receved a grant to inddl a wind

turbine. In January 1985 a 40 kW horizonta axis wind turbine (Enertech modd 44/40)
mounted on an 80 ft tower was inddled on the grounds of the High School & Windmill



Point. The cogt of the turbine and its inddlaion was $78,000 with funds provided by the
Massachusetts Executive Office of Energy Resources (EOER). The power produced by
the wind turbine was intended to offst dectricd loads a the High School. When the
turbine output exceeded the school’'s demands the surplus was fed into the Hull
Municipd Lighting Plant grid. The Hull High Schoo was respongble for the operation
and maintenance of the wind turbine

The performance of this wind turbine was a its best during its firg full year of operation
(March 1, 1985 February 28, 1986), and, as shown in Table 1, it produced about 84,800
kWh, thus operating a& a capacity feactor of 24.2%. During this fird year period it
supplied about 40% of the school’ s power, resuiting in about $8,000 in cost savings.

Tablel Firg Year Performance of 40 kW Wind Turbinein Hull

MONTH TURBINE OUTPUT SCHOOL DEMAND
(kwh) (kWh)
Mar-85 11,208 23,640
April 6,507 17,880
May 6,456 22,200
June 7,179 13,560
July 2,572 8,040
Aug 2,339 7,800
Sept 2,719 16,560
Oct 6,860 18,240
Nov 9,284 22,560
Dec 8,845 21,840
Jan-86 12,945 23,040
Feb 7,924 18,840

Hgure 3 (Bolgen, 1996) shows the annud production of the 40 kW wind turbine for 1985
through 1995. It was origindly projected that the turbine would generate about 75,000
KWh per year (a capacity factor of 21.4%). However, as shown in Fgure 2, this estimate
was only reached or exceeded in 1986 and 1995. Furthermore, the tota generaion for
the 11 full years from 1985 through 1995 was about 495,000 kWh, only about 60% of the
expected performance of the wind turbine.

Annual Energy Production, 1985 - 1996, Hull's 40 kW Turbine
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Figure3 Energy Production Summary of 40 kW Hull Wind Turbine



The reasons for the reaively poor performance of this machine can be explaned by a
rdivey large amount of repars required to the machine. Table 2 gives a summary of
ome of its mgor repars during this time period. The machine was damaged beyond
repar in Mach 1997 during a windgorm (70 mph pesk winds) when its tip breke
mechanigm falled.

Table2 Summary of Major Repairsto 40 kW Hull Wind Turbine

Time Period Component Repair

Nov 87- May 88 Tip Brake Replacement
June 89-Aug 89 Controller Problems

June 91-July 92 Circuit Breaker Problems
April 92- June 92Power Cable Failure
Jan-93 Generator Winding Failure

Mar-97 Tip Brake Failure- Major
Machine Damage

On a podtive note, despite the number of turbine repars needed it was edimated
(Bolgen, 1996) that the 40 kW wind turbine produced an edimated $61,500 worth of
eectricity for the Hull School Department. The edimated maintenance and repairs were
about $17,000, thus the net savings of the turbine was about $44,500. This wes ill more
then red cog of the turbine, 0 the overdl economics were not podtive. The experience
did prove of vaue, however, init help paved the way for later developments.

2.3 The Dark Days of Wind Energy in Hull

Encouraged ly the early success of the 40 kW wind turbine, HMLP supported plans for a
proposd in 1987 to indal more and larger wind turbines a the Windmill Point Ste. As a
result of this work, the proposed project was awarded a $600,000 grant from the EOER,
(now the Massachusetts Divison of Energy Resources or DOER), to ingal 500 to 600
kW of wind turbine capeacity a this Ste. Due to the requirements that 30% of the grant
be repad to the date, it was important to judify the economics of the wind turbine to the
town. Cdculaions mede & the time, however, showed that the economic vaue was not
affident to judify the project. The idea of a utility scade wind energy sysem for Hull
was abandoned for the time being

During the early 1990's the DOER dill hdd the opinion thet the Hull wind Ste was dill
promisng enough to support a larger wind turbine and proposed the Sting of a new wind
turbine.  In 1992 they issued a forma proposd (Bolgen, 1992) in response to a New
England Electric Power Company (NEP) Request for Power Supply Proposds from
Renewable Resource Technologies. The proposed project planned to ingdl 500-660 kW
(lang two wind turbines) a the Windmill Point Ste and was to be funded entirdy by
DOER through the use of DOER's Renewable Energy Alternatives Program.  The
anticipated generation was estimated to range between 700 to 1160 MWh and power



from the turbines was to be wheded through Hull to a NEP subgaion on the Hull-
Hingham town line. In addition to a detalled discusson of date-of-the-art wind turbines
for the proposed system, the proposa discussed the environmental characteridtics of the
ingdlation, potentid licenang status aswel asits economic condderations

Despite the work of the DOER and its consultants and the approva of the HMLP Pant
Board, the proposal was defeated in a 1993 town meting. In true New England fashion
the opponents of the proposal referred to the promoters from DOER and its consultants as
the “skinny guys in suits” Thus a combinaion of bad timing, the worsening
performance of the 40 kW meaching and the lack of locd “wind energy champions’
contributed to thiswind sysem’s proposal failure.

The picture improved during the fdl of 1997, however, when a group of ctizens and
High School teechers hdd meetings to plan the “repowering” of the High School Ste,
This planning was incorporated into the senior physics dass a the high school and hed
support from both the high shool and HMLP. This new interest and support led a new
group of dtizens to form Citizens for Alternative Renewable Energy (CARE) who then
went to the HMLP, urging them to continue a wind energy Sting sudy.  Following a
postive response from the utility, this group asked the Massachusetts DOER to support a
new gudy. This time DOER enliged the hdp of the Univerdty of Massachusetts
Renewable Energy Research Laboratory (RERL) to peform awind turbine replacement
options study. The RERL had been working with DOER for a number of years as part of
the Commonwedth's Strategic Envirotechnology Partnership (STEP), and providing
assstance to Hull make sense under this arrangement. This work is summarized next.

4.0 Project Development for New Wind Turbine, “Hull 1”

4.1 New Siting Study

In 1998, the UMass RERL, under sponsorship from the Massachusetts DOER, carried out
a Oetaled technicd sudy for the evduation of posshiliies for the replacement of the
wind turbine inddled a the High School. The work (Ellis Rogers, and Manwdl, 1999)
reviewed the issues reated to the inddlation of a wind turbine & the High Schod ste
and identified the potentid merits and impects of a number of different wind turbines.
For this proposd, it was assumed tha HMLP would assume responshbility for the
operation of the machine  The work (which involved extensve interaction with
numerous Hull community groups) conasted of the following Sx mgor parts

A) Detailed Description of the Proposed Site: This part of the study was sraightforward and
conssted of a detailed description of the Windmill Point Ste and the surrounding
neighborhood.

B) Desiption of the Avallable Wind Resource: Under this phase of the work, wind data
measurement taken for the early 40 kW wind turbine ingtalation were used, long with
data from nearby Logan airport and Thompson Idand. (It should be noted that RERL hed,
with DOER support, been monitoring the winds a Thompson Idand, gpproximately 3
milesaway, snce 1996.) This comhbination of datawas used to generate the Weibull
datigicsfor atypicd year' swind datafor the Windmill Point Ste. In addition, an estimate
of the wind shear cofficient for this Ste was mede.




C) Dexcription of Candidate Turbines A review of potentidd commeraia avallable turbines
ranging in sz from 80 to 600 kW was carried out under thistask. The candidate turbines
were chosen based on screening criteriathat included: use of proven design concepts,
operationd reiability, maintenance traning, safety, and established business presencein
theU.S.

D) Review of Environmenta, Regulatory, and Public Acceptance Hurdles Under this phase
of the work, anumber of important issues were investigated. The more important ones
included: 1) noiseissues and regulations (probable noise levels a the Ste were estimated),
2) visud appearance (turbine color schemes and tower designs were discussed), 3)
electrica network connection issues, 3) FAA issues since the proposed Siteis 1500 ft
below the ILS (Ingrument Landing System) gpproach for runway 32 a Logan arport, this
was a paticularly important potentid problem to addressed, and 4) other dectromagnetic
interference issues.

E) A Prdiminary Economic Evauaion Thiswork started with an eectrica power
production estimate for each of the candidate wind turbines based on the previous work for
the avallable wind resource. Next, alifecycle cost andyss was made for each of the
candidate turbines

F) Discusson and Recommendations Section: This section induded asummary of the
previous results and overdl ranking recommendations for the candidate turbines

It should be noted that much detall went into this detailed engineering study because of
its potentid to guide future projects in Massachusdtts, especidly the coastd communities.
Thus, care was taken to make it function as a template for other towns or agencies who
might plan Smilar projects

4.2 Selection of New Wind Turbine

Following the pogtive results and recommendations of the previous study, and after a
number of rws reports on the subject (Boston Globe, the Patriot Ledger, the Tiny Town
Gazette, and the Hull Times), HMLP ran an information campaign to notify the town's
citizens of a public medting on June 16, 2000 a the High School. Representatives from
the Hul Light Boad, Masschustts Municipd Wholesde Electric Company
(MMWEC), RERL, and CARE, the town manager; and the town higorian, led the
presentation. This group fidded quedtions from the public and responded to felow
pandigs. Following the strongly postive results of this mesting, it was announced that
HMLP would solict a Request for Proposas (RFP) for a wind turbine. At the same time,
announoced its intention to apply for the various permits that would be required

Over the following months, a detaled RFP was prepared (Hull Municipa Light Pant,
2001). The RFP was formdly rdeased in January 2001, and by March severa bids were
received. In April the Vestas bid was accepted. They proposed their most popular
mechine a the time, the V47 with a rotor diameter of 47 m a rated power of 660 kW, and
a hub height of 50 m. The turnkey contract price was $698,699, incuding a sandard st
of spare parts. Note that this figure did not incdlude work done directly by HMLP, vaued



at $54,000. This work included purchase and inddldion of the transformer, providing a
buried cable, and connection with the HMLP digribution sysem. The totd ingtaled cost
was thus approximatdy $753,000. Vendor sdection was followed by contract
negatigions. These led to the Sgning of the contract on August 13.

4 3 Installation of New Wind Turbine

Excavetion for the foundation began in November 2001, and by the end of November the
foundation concrete was cured. On December 16" the tower was in place and the rotor
was ingaled. At 2:45 PM on December 27" the turbine was put online. The new wind
turbine is shown in Hgure 4. Three higoric “firds’ were smultaneous achieved when
the turbine was connected to the grid: (1) it was the fird commercid-scae wind turbine
to go online anywhere on the U.S. coadline between Maine and Horida, @) it was the
fird urbangted turbine on the North American continent, and (3) it was the fird such
publicdly-owned wind turbine to be gted in the United States within easy waking
distance of a stop on a mass trangt sysem (aferry).

Figure4 660 kW VestasWind Turbineat Hull High School

5.0 Current Project Status

5.1 Energy Production

As previoudy noted, the ingdlation in 2002 of a Vedas 660 kW wind turbine at
Windmill Point (now cdled Hull No. 1) represented the high point of amost 20 years of
wind energy activity a this location. In its firs year of operation (12/27/01 to 12/26/02) it
had a capacity factor of 27.6% (Production of 1,594 MWh). During its current second
year of opedion (1/1/03 to 5/1/03, the capacity factor has been 355%, giving a
cumulétive capacity factor of 29.6%. A comparison between the fird and second year's
power production isgiven in Hgure 5.
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Hull's V47 Energy Production -2003 vs 2002
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Figure5 Cumulative Energy Production of Hull Wind Turbine

The CARE group has established a website for the wind turbine (CARE, 2003) and, as of
day 400 snce commissoning, there have been over 6,000 hits to the homepage. In
addition, a number of technicd meetings that have been hdd a the High Schoadl ste. For
example, a tour of the wind turbine and a project history presentation were mgor parts of
a recent technica conference (RERL, “Wind energy in New England Hands and Coadd
Communities’, 2002). Many groups of vidtors have made specid trips to the dte and
media coverage of the ingdlation, and its successes and awvards, have been extensive.

5.2 Economics of the New Hull Wind Turbine

As previoudy indicated, the ingtdled cost of the new wind turbine was $753,000. Using
the measured production of the turbine it is possble to evauate its economic vdue. The
evaduaion takes into account the vaue of the Renewable Energy Credits (REC), which
have been devdoped in conjunction with the Massechusetts Renewable Portfolio
Standard (RPS), and the federa Renewable Energy Production Incentive (REF). The
assumptions in the andyss are lised below. The vadues shown correspond to the known
cods as of the first year. The discount rate is estimated, in accordance with a typicd rate
of interest that HMLP might pay on a revenue bond, if one were needed. The inflation
rate is ds0 edimaed. It may be noted that Hull purchased the wind turbine outright, and
no loan was involved It is dso assumed in the following that the REC's and REPI will
aoply over the lifetime of the project. The andyss bdow tregts the incentives (REC's
and REFI) as dfectivey resulting in an increese in the vaue of the dectricty produced.
See hitp:/mww.state ma.us/doer/rps/ for more details on the Massachusetts RPS.

Capitd cost, Cc = $753,000

Down payment as fraction of capitd cost =1

Interest rate on loan, i = (not gpplicable)

Annud energy production, E = 1,594,000 kWh
Vdue of energy purchases avoided, Va = $0.08/kWh
Vdue of REC'S, Vrec = $0.03/kWh

11



Vdue of REPI, Vrep = $0.018/kWh
Maintenance contract, Gy = $9,880/year
Insurance cost, Cins= $9,000

Gengd inflation rate = 3%

Discount rate, d = 5%

Project life, L =20 yrs

Loan period, N = (not applicable)

Thetotd unit vaue of the energy produced, Vr isgiven by
Vi =V, +Viec +Virer = $0.128/ KWh

Thetotd operation and maintenance cost is

Coam =Cym +Cins = 518,880/ yr

The ample payback period for the investment is:

_ Capitalcost

" Net revenues

_ Cc _ $753,000

" (EXVr)-Coem  (1594,000kWh/ yr)($0.128/ kWh yr)- $18880 / yr
=41lyr

The levdized cog of energy produced by the turbine may be found with the above
assumptionsasfollows (see Manwel, McGowan and Rogers (2001) for more details):

é ®l 0 &+ o
_8e A
COE %
EYae—L—
el+r
where

Py= Down payment = $753,000

Pa= Amount borrowed, = $0

Thevaiddle v(k, ) isafunction used to obtain the present value of a series of
payments. It is determined from:

Accordingly, the cost of energy is

$753,000+($18, 800)Yae£ 88;’ 20—
COE = 0

(1,594,00 KWh)Y & m 20;

_ $753,000 +($18,800)(16.44)
© [1,594,00 kW) (12.46)

=$0.053/Kkwh
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It can be seen from the above andyss tha the wind turbine should be an economic
success, provided thet it continues to perform as it has done so far. Over the course of the
project life, the net presant vdue of the savings to the town will be gpproximatdy $2
million. Note dso that if the effects of inflation and discount rate were ignored in the
andyss then the cost of energy would be less than $0.04kWh and the savings to the
town would be close to $3 million.

6.0 Prospects for Additional Wind Turbines

In August 2002 a survey was commissoned by HMLP regarding the new 660 kW wind
turbine and the posshility of additiond wind turbines in Hull . Of the 499 responses, 475
gpproved the idea of more wind turbines.  Eleven did not gpprove of more turbines, even
though some of these were not opposed to Hull No. 1. Thirteen were noncommitta, but
did have quegtions or comments on the project. Accordingly, HMLP is now conddering
the options for inddling additiond turbines.

Mariner's Point in Hull has been identified as one of the best Stes for a second wind
turbine, and RERL has recently inddled a 40 m wind data acquistion sysem there. In
addition, HMLP is working on the permitting process for this dte  If gting ad
permitting results from this dte are favorable, bid requests for a second turbine may be
out by the end of 2003.

Ancther need for increesad dectrica generating cgpacity in Hull has emerged in recent
times with a proposd for a town owned desdination plant. Currently, the town of Hull
relies on a privae wae supplier and has experienced limitations on water supply- and
reldively high water cods  As a result, the town has recently sudied the feeshility of
developing its own drinking water source, trestment fadlity, and didribution system
(Woodward and Curran, 2002). This study has concentrated on the possbility of using a
reverse o9mods desdination water trestment system with a cgpacity of 7,600 to 9,500
cubic meters/day (2 to 25 million gdlong/day). And, as shown in Figure 6, the sudy
identified three potential Stes in Hull that could accommodate the desdination trestment
and source gructures.

Figure6 Potential Hull Stesfor Desalination Plant
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If such aplant were to be built, one of the mgor economic condderaions would be the
avallability and cost of the dectricity required. Power consumption is estimated at 5
KWh/cubic meter for the reverse oamosis system being considered. Because of the
successof Hull No. 1, HMLPisconsdering options for supply the desdination plant
with dectricity from another utility scde wind turbine ingalaion

One option being conddered is a smdl offshore wind farm in Hull harbor. A proposd
layout for a9 turbine (GE 3.6 MW) system in the Hull Harbor is shown in Figure7.

Figure 6 Harbor with Curved Sting Arrangement

The anud generdion of a sngle 3.6 MW offshore turbine would roughly equd the
requirements of the desdination plant, & shown in Fgure 7. The output from 5 turbines
would provide the mgority of the town's dectricity. Nine turbines would provide more
dectricity than the town uses, so much of it would be exported to other utilities. It should
adso be noted that the dze of the fird offshore plant a Hull might be limited to 5

meachines because of potentid grid connection limitations.
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Figure 7 Water demand and wind turbine output curve
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7.0 Summary and Conclusions

The success of the project described in this paper has demondrated that it is quite
possble to Ste a wind turbine in an urban environment in New England. The secret to
the success was fird of dl to recognize and address the obstacles that were likely to be
encountered. The second secret was to have the right mix of favordble factors  In the
case of Hull, theseweres

Municipd dectric utility thet was an active participant in the process
Loca champions

Good wind resource

Public involvement.

Previous experience.

Public benefit.

Avalaedte

Technica support

Because of the success of Hull No. 1, investigations are now underway which may resuit
in the ingdlation of a lees on more turbine of equa Sze or larger, and a smdl offshore
wind fam is being conddered as wdl. Folowing the modd used in gting Hull No. 1,
the invedigaion of the offdhore options ae emphedzing the following points The
project should be (1) suitable scde, (2) attrective, (3) achievable, (4) wdl-planned, (5)
compatible with other activities in Massachusetts Bay, and (6) able to serve as a modd
for other communities (in Massachusetts and world-wide).

It is the hope that other communities will be able to learn from the goproach followed by
Hull. No other community will be exactly the same, but it is probable that mogs will have
gmilar ingoiraion.  All of them will nesd to consder the likdy obsades and address
eech of them. Fndly, some dmilar combination of factors will need to be found that can
make the desred project a redity. The importance of the munidpa dectric utility in the
cae of Hul cannot be overdated. Many tasks that could be daunting for other
communities ae readily solvable when a municipd dectric  utility is one of the
paticpants How communities that are not served by a munidpd dectric utility can
cary out such projects is a quedtion that dill remains to be resolved. Whatever the modd
that emerges is it is likdy thet it will embody many of the attributes that have proved
crucidin Hull.
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