WIND POWER: TURBINE SITE ASSESSMENT IN MARBLEHEAD, MA
Introduction

Suitability

Marblehead

Wind power in Massachusetts has been a
growing sector of the economy, particularly on
the North and South shores of the state where
there are higher wind speeds on average. Publicprivate partnerships to construct new turbines
have been successful in towns such as
Gloucester, where three new turbines were
constructed in 2013 (Roseberg).
There are many factors that go into
assessing potential sites for a new turbine,
including average wind speeds and proximity to
residential areas, transmission lines, and airports.
This analysis estimates some of these factors
based on data sets from MassGIS, the National
Renewable Energy Laboratory (NREL), the US
Census Bureau and the US Geological Survey
(USGS). These data are used to evaluate whether
this sort of spatial analysis is suitable for
recommending potential wind turbine sites.

Impact

Focus Area
The Marblehead peninsula stands out as having a high concentration
of sites scored as “3,” or most suitable. It scores well for average wind
speed according to these data, it is relatively close to two main
transmission lines, far enough from major airports, and in a region with
very little protected land. These sites scored as “3” are transposed on the
“Marblehead” map as red “Recommended Turbine Sites,” overlaid on
block group population density.

Methods
Among the factors that were included in the final suitability score for the region were wind power at 70m, turbine location, protected
land, airports, and land use. Slope at intervals of 5% and 10%, and wind power at 50m were also factored into the final score. Land use and
mean wind speeds at 50 and 70 meters were reclassified into scored buffers. Wind speeds under 4.5 m/s were scored as undesirable, speeds
between 4.5-6 m/s were scored as 1, 6.5-7.5 m/s were scored as 2, and speeds above 7.5 m/s were ideal, and scored as 3. The land use data
were categorized on a scale of unsuitable to suitable, with classifications such as mines and cemetery’s as least suitable and cropland, forest,
and very low density residential as most suitable. All conservation land apart from Agricultural Preservation Restriction (APR) was scored as
zero automatically. Land close to airports or close to existing turbines was scored as unsuitable, and land close to existing transmission lines
was ideal.
To create a final score, these various factors were weighed using map algebra and data generated in intermediate steps, generating a small
number of recommended sites. The weights were out of 23 points, with higher numbers corresponding to greater weight, and were distributed
as follows: Airport distance: 2, Turbine distance: 3, Wind at 70m: 6, Wind at 50m: 4, Land Use score: 3, Transmission line distance: 3, Slope:
2. This algebraic equation was multiplied by the protected open space score (null or one), so that any locations under protection would score as
zero. The final map of the region is scored on a scale of 0-3 with 3 as most suitable.
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In general, this model seems useful as a way of incorporating data
representing different factors that go into wind turbine siting. However,
examination of the Marblehead area makes it clear that this model is still
too generous in recommending sites, since some of the most suitable sites
are located on top of houses. A closer look at one of the recommended
sites shows a mix of what appears to be forested land next to a baseball
field. This in fact is Seaside Park in Marblehead, and demonstrates some
of the complexities of this type of spatial analysis. While the highlighted
area appears to be mostly free from houses and structures, it is next to a
block group that is relatively densely populated, and visually appears
close to a residential neighborhood. Construction of a turbine on an
existing baseball field would also be a difficult proposal. Additionally,
many residents nearby would surely be within sight lines of a 70m
turbine, and and while some research shows that noise from turbines has
been reduced greatly in recent years, noise pollution, interference to cable
signals, and other proximity issues could be a concern to residents.
(Atkinson-Palombo).
This exposes some of the problems that arise when taking into
account multiple factors in a spatial analysis such as this one, and hints at
some of the real world challenges of adding wind turbines to densely
populated Massachusetts land. In the future, it might be helpful to change
the model to eliminate some of these residential areas that were
recommended, and to take into account sight lines for a 70m tall structure.

Site Evaluation

Conclusions & Critiques

Transmission Lines

Wind Power

In general, a new turbine should be
minimally impactful to current residents and
infrastructure, generate maximum power from
wind in the area, be close to areas where power
is needed, and be close to transmission lines.
Even though many turbines these days are quiet,
they still require a large space to be constructed,
and residents still feel like they might be
negatively impacted from a new turbine
(Atkinson-Palombo). Furthermore, towns (or
areas) with existing turbines likely already reap
some benefits from their power, and would be
unlikely to fund and construct another one.
A wind turbine that is close to urban areas
where there are high energy needs could be the
most efficient use of wind power. However, most
of the eastern part of MA is densely populated,
so being close to existing power lines is perhaps
a better evaluation of efficiency since almost any
location would be relatively close to many
people. An ideal turbine would also be at least
5-8 km from airports (Knipe) and in an area
where the land use would allow a major
construction project. Most large scale turbines in
Massachusetts are 70m in height, where there
would be higher wind speeds than at 50m
(Knipe).
The data on wind speed from MassGIS
comes from a project conducted by TrueWind
Solutions, Massachusetts Technology
Collaborative’s Renewable Energy Trust, and
Northeast Utilities. The NREL reviewed these
maps as well. Research shows that the best mean
wind speed for large turbines is above 7m/s,
although various sources use wind power in
addition to mean speed to measure suitability.
Based on this metric, it is clear that coastal
regions like Gloucester and Marblehead have
some of the highest mean wind speeds around
Boston. The weather model used for these wind
data takes into account atmospheric factors as
well, and maps the region in 1km squares. This
type of model does not demonstrate seasonal
variation or other factors that reflect variation
from the mean.
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