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Technical reviews/inspections of
renewable energy systems and designs

Performance tracking and monitoring
Technology testing and evaluation
Program design, support, and evaluation
Project feasibility studies

Marketing and outreach
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Small Wind System Performance: The
Massachusetts Example

e 36 small wind turbines installed
e 21 systems analyzed

e Data collected
— Monthly Energy Output e
— Limited on-site monitoring results
— Regional long-term wea\ther data
— Met tower data from 16|sites
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System Performance Tracking
In Massachusetts

Production Tracking System (PTS)

e 800+ systems reporting
— Automated (e.g. Fatspaniel)
— Manual =
e Links with any DAS prowder

e Customizable

THE

CADMUS

GROUP, INC.




Small Wind Turbine
Performance

e Annual energy output 29% of
expected for 21 systems

 No site type, system, or installer is
meeting energy output estimates

e Available site/system analysis
methods produce unrealistic results
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Factors Influencing Small Wind
System Output

m Annual Variability

m Wind Map Adjustment

® Power Curve Revision

mImproved Site
Modeling/Other Factors
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Annual Wind Speed Variability
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Wind Map Validation Results
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Impacts of Site Conditions

= Wind shear/roughness
= Obstructions . |
= Directional dependence -
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Wind Shear Impacts Wind
Speed and Tower Height
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Obstructions-Height and
Effective Ground Level

50 ft + 100 ft Tower = 50 ft Tower!
Obstruction
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An Example of Site Impact

Site #1: OpenLand Farms Site #2: Tall Trees Lane
Annual 30m Wind Spd: 4.5 m/s Annual 30m Wind Spd: 4.7 m/s
Tower Height: 100 ft Tower Height: 100 ft

Annual kWh: 3,332 kwWh Annual kWh: 1,268 kWh
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Characteristics of a Good Site

= Open fetch in prevailing wind direction
< Minimal obstructions
e Smooth terrain

e Windward slope_ - *P&L‘%l‘"—.ﬁ
» Flagged vegetation Y .
« Minimum tower gets rotor:30+ “above

any surrounding obstrucﬁ_%ﬁﬁ e B =
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Estimating Annual Energy
Output

Key Variables ]
- Average wind speed %

e Probability distribution a
 Wind rose

e Terrain type

» Obstacle height and type
- Reliable turbine data
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A Recipe for Successful Small
Wind Programs

Good Sites
+
Good Equipment
+
Supportive Incentives
+
Feedback

m Annual Variability

= Wind Map Adjustment

= Power Curve Revision

mImproved Site
Modeling/Other Factors

Successful Small Wind
Program
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Program Options: Good Siting

e Pre certification
e |Installer training
e Screening criteria

e Comprehensive estimating
methods
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Program Options: Good
Equipment

» Eligible Equipment List
e SWCC listing (when ready)

e Basic testing requirements for non
listed systems to prove reliability

e In Field power curve verification
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Program Options: Incentives

e Capacity based
— Administratively simple
— Risk of high $/kWh produced
e Production based
— Does not help with upfront cost
— Fixed $/kWh produced = low risk
e Hybrid approaches
— Capacity based, with adders
— Split payment between capacity/production 5
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Program Options: Feedback

Measured Parameters
= Energy output

e Wind resource

e Downtime

e Environmental

Collect/analyze data to drive program

development
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Thank You

Shawn Shaw
The Cadmus Group, Inc.
sshaw@cadmusqgroup.com
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