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CHAPTER 2: SUITABILITY CRITERIA

$ 0
1% 0
0 5
5 ) 5 1$
0 0 1
Physical Characteristics
$
5
0 1% O
05
0 1%
0 0 = J K )
> 1%
0 1 < 5 5 0
21
6@ B 1%
< 5
0 1+
$ < 0 1
6@ 5 0
8@ 0 - 5 1
J K B
#
00 0 |
5 0 O # %
1 0 >
1
%" 3B2
EE0001 01 E E BE38 0E <1
3 ?2" 3B2
EE0001 01 E E BE38 0E <1
#2" 3B2
EE0001 01 E E BE38 0E <1

-12-




0 1%0 J K 5 0 5
- B+ 5
0 1# 0 0 1$
0 5 0 0
1
$ 0
1" 5 5 0 0 1
? 50 1% 0
7 0 ;771 Be %
0 < 1
< 1
0 1 5
0 < ) 1
< 0 0 M 5 N
5 L JO K
0 M 3 ON
" #% O 1
38 # & $0 5 EHDO001 O 0 -1 BD BP0 # 1
@ # # 5 EHDO001 O 0O -1 B E # 1

-13-



0

(#C

Table1: Wind Class Data

6C5 -

5 HD001 1 E

-14 -



Technical Considerations

Grid Integration

1
0 0 870
B $ 1
0 0o 37 < 8
5 0
%
0
1 5 $
0 ) < 0 1 0
$ 2
% * M2 % N
0 1 $
0
1
$ 50 5 1
M 0 5 N #
# Mt C 0 <8
2 0
" N 5 0 "
M# N
#
0 ¥
$  w
1 C MIN O 5 C M! N
01?2 C 0
1 ) #
0 1 J 5 0 5
* 5 - e
3A 0 $ 5 BE0001 1 1 E E B 01
3B 1
2 0 o H * ? ? -5 14
2. g v H * ? ? -5 18

-15-




) 0 1( *s$"L 5 48
M 180 0 0
1$ 0 5 #?
0 1 0
) 5 = J 0 " H* ? ? -KL$
0 0 B/ 5 *$"L Po
#? 1% <
0 5 0 1%
#? 5 @
- 5 32 5 O #CO0"
32 1 5 # # N #NO
B 5 =% J 0 " H
* ? ? -K #C 0" M_ HD001 C1 EN
) # 0
1$ 5 1
$ # # 0
! 37- 50 0
N37- N L 1
"< Bt 1%
) #
0 1 5 50 0
# * #
1 <
$ ( " *
? 2 i

Turbine Choice

$ 0 ) < 1% . <
0 M $N 0 0 1$ O

2 o " H * ? ? -5 1=8CG@

23 0 n H * 2 ? -5 1—CGA

%  ED001 1 E E E/6CASB38 1

-16-



00 5 0 - 0 1%

61

Figure 2: Horizontal AxisWind Turbines: Upwind and Downwind, respectively&
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Figure 3: Vertical AxisWind Turbines: Giromill, Savonius, and Darrieus, r espectively&
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Table 2: Comparison of Common Turbine Sizesand Models

Average Tower

Approximate

Turbine Type Capacity Kilowatt Hours
(kW) (monthly)
Jacobs 29-20/80 | 20.0 2300
BWC EXCEL-S 10.0 1500
Whisper 175 3.2 1000
BWC XL.1 1.0 400

Air-X Wind Turbine 400W 0.4

80

Height (ft)
60-120

60-120
30-80
30-100
30-50

Cost (USD)
31,000

24,000
5,000
2,000

500

Wind Farm Capital Cost Breakdown

Figure 4: Wind Farm Capital Cost Breakdown
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Societal Concerns
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Figure 5: Comparison of decibel levels from a hypothetical wind turbine.
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Figure 6: New England Wind Ve ocity and Worcester Area Wind Veocity
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Figure 7: Wind regions of Massachusetts, Connecticut, and Rhode Island.
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1! 0

Overall, considering the clear, open location of the site, the wind should be relatively
consistent and non-turbulent; suitable for wind power production. If the developer of this
site wishes to continue this project to the next level of development, it is the
recommendation of this group that rigorous wind data collection be performed. To
facilitate this effort, it is best to consult with the RERL and take part in the anemometer

loan program discussed above.
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Table 3: Suitability Analyss
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Final Turbine Analysis
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Lakota 900
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APPENDIX A: ALTERNATE WIND POWER SITE DESCRIPTIONS
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Comparison Analysis
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APPENDIX B: TABLES OF REGULATIONS

Table 4: Federal Regulations
! i n

Table 5: State Regulations

Table 6: Local Regulations
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APPENDIX C: PERMITTING FLOWSHEET
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APPENDIX D: AERODYNAMIC NOISE

Type or Indication

Mechanism

Main Characteristics and Importance

Low-Frequency Noise

Steady thickness noise;
steady loading noise

Unsteady loading noise

Rotation of blades or rotation of lifting surfaces

Passage of blades through tower velocity deficit
or wakes

Frequency is related to blade passing
frequency, not important at current rotational
speeds

Frequency is related to blade passing
frequency, small in cases of upwind
turbines/possibly contributing in case of wind
farms

Inflow Turbulence Noise

Interaction of blades with atmospheric
turbulence

Contributing to broadband noise; not yet fully
guantified

Airfoil self-noise

Trailing-edge noise

Tip Noise

Stall, separation noise

Laminar boundary layer

noise

Blunt trailing edge noise

Noise from flow over holes,
slits, and intrusions

Interaction of boundary layer turbulence with
blade trailing edge

Interaction of tip turbulence with blade tip
surface

Interaction of turbulence with blade surface

Non-linear boundary layer instabilities
interacting with the blade surface

Vortex shedding at blunt trailing edge

Unstable shear flows over holes and slits, vortex
shedding from intrusions

Broadband; main source of High-frequency

noise

Broadband; not fully understood

Broadband

Tonal, can be avoided

Tonal, can be avoided

Tonal, can be avoided

*Chart from "Wind Energy Explained" Pg. 487
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APPENDIX E: TECHNOLOGICAL PRIMER
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APPENDIX F: INTEREST LETTER

wind@wpi.edu

Wind QP Group

c/o Calixte Monast

100 Institute Rd.

WPI —Box 0129

To Whom It May Concern: Worcester, MA 01609

We are a small group of juniors at Worcester Polytechnic I nstitute (WPI) doing awind
suitability study of the Worcester area. The goal of this project isto facilitate the
development of wind farms and increase local understanding of renewable energy.
During the first phase of this project we developed a comprehensive report on suitability
criteriathat can be used by potential wind developers.

Recently, we were approached with a unique opportunity to apply the criteria we have
developed. A potential wind energy investor asked usto investigate a site and assess the
possibility of installing wind power. While we have developed a very good informational
resource, we are inexperienced in the actual process of construction and installation. We
are also unfamiliar with the options that exist for aresidential-sized wind turbine.

Technically, the site appears extremely suitable for this venture. Strong, consistent winds
are well documented inthe area. It is elevated above much of the surrounding geography
on ahill in the middle of the City of Worcester. The power production required is
moderate for aresidential turbine and need not power the entire house. A rough estimate
of power capacity required would be between 1 and 10 kW. Optimally the turbine would
be roof mounted, which would limit the size considerably, though other options are
possible.

Though the basic suitability criteria are met, the potential investor has more in mind than
just energy production. Heis interested in the educational value of this venture. His
involvement in the local mediawill provide great exposure for wind energy. The site
lends itself to this goal, being highly visible in an urban setting. We also hope to use this
project as atool to motivate the city to develop a permitting process supportive of wind
turbines and farms. This, coupled with the report we are developing, will hopefully
arouse local interest in wind energy.

Any information or insight into the possible options we should consider for this venture
would be greatly appreciated. Thiswould include, but is not limited to, popular
residential wind turbine models, the construction process and the process of electrical
integration. Thank you very much for your time.

Sincerely,

Calixte Monast
Wind QP Group
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APPENDIX G: USEFUL RESOURCES
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