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Abstract

Shakopee Public Utilities (SPWjas beem publicly owned electric and water utility
MinnesotalUSA since 1902Its electric service territory includes mosttloé Gty of
Shakope@and some surrounding townships and a spatiion of the City of Prior Lake.
The City ofShakopeeontainsa main downtown district as well essidential,
commercialjndustrial,and agricultural zoneSPU isa separate entity from thatZof
Shakopee wih acommissiomppointed byhe Shakopee City CounciAs an electric
utility, SPU doeshot generatés own power angiurchassall of its electricpower
demands from outside sourc&RU haseenreceivinginquiries from developers of
power generating wind turbinegiceenergy independence and the worries obgl
warminghave become more prevalemhhis study is anacrocompehensivespatial
analysigto determine the bestgzement of wind turbines i@ P U 6 stric eefritergby
analyzinggeographic data layers

Introduction came fom wind power 084 gig watts
(GW) of power;economiss project that
In the electronic age of computers, by 2012 wind powered electricity wil
MP3s, and phsma TVs, our electric almost triple to about 2.7% @O0 GW.
demand has beencreasng year after A Department of Interior Bureau of
year.A responséo the electric demand Land Management (2008) report also
hasbeenconservéon, but new electric indicated thail mega wattsNIW) of
resourcesrestill neededo cover the energy can power 240 800 households
increasectlectricdemandA techrology for a yearThe global denand of wind
that has been discussedhe help meet power will be increasinffom an
thisdemand is wind turbines. average of 25,380,000 households to
Therearetwo reasongo examine 78,30Q000 households in five years.
wind turbine siting througléGeogaphic With the typical commeial wind
Information SystemsgIS). First, turbine at 1.5MW, this would represent
according to a subsidiary of the an increasérom 62,667 tupinesof
Department of Interior Bureau of Land todayto 193,333 turbines dhe
Managemen2008)called Wind Energy construction of about 130,000 1.5MW
Development Programmatic EI&,the turbines inthe nexffive years globally
end of 2007, 1% of alilobal electricity (Wind of Change, 2008Wi t h t odayds
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wind turbines extractioat about 50% of
its capacity, 59% is about the theoretical
limit (Wind of Changg andwith
transmission needs from rural areas
these elements are a primary element of
focusaddressed in the U.S. stimulus
packaggWikipedia, n.d). With new
capabilitiesof forecasting windwind
power is becoming a more viable source
of energywith costs of production
decreasingrom 30 cents per kilowatt
hour in the early 1980s to about 10 cents
a kilowatt hour in 2007Wind of

Changé.

Secondwind canproduce
electricitylocdly. If a region consistsf
largeopenareassuch asgricultual
land, wind projectshavethefeasihlity
to be builtlocally. With local wind
generation, @ommunityhousing the
wind turbine would hava feeling of
ownershp of the electricity produced
andwould bemore cognitive ofts
usagelarge powetransmission lias
engineered and placédrough a
community ould decreasasgenerated
energyis distributedon local distribution
power linesWith theincrease ithe
local production of wind power, this
could alsodecreas¢he cosbf wind
turbinesthroughincreassin production.
Thatcould make wind generation as cost
effective per energy unit as some of the
older electric producefs.e. coal and
natural gas)and increaskcal jobs
through operation§.e. indallation and
maintenance jobs)

Onelimitation of wind
generation habeen that most wind
generation areas habeenlocated in
areashat are not heavily populated.
Additionally, dectric transmission
infrastructuremustbe constructed from
the wind turbinesind thisincludesthe
expansion ofoads as wellas the

transmissionnfrastructuratself to other
wind turbine sites.

Another limitationof wind
generationis its generating reliability
The most reliableie for wind
generation it night, whichs the time
with the lowest eletric power demand
Battery technology is being constantly
researche for energystorage while
turbines generate electricity, and
disperses thgiower when electric
demand is high

With theaforementionedtems
taken into countthe Shakopee Public
Utilities (SPU)service teiitory, about
33 square milegsviewed as an ideal
area with large ases of agricultural land
within its service areéSPU is als@
suburb of the Twin CitieMetropolitan
areawhich has a high electric demand.

The purpose of thiprojectwas
to developa process to collect and
analyzegeographiadatarelated to wind
turbine site selectionsing GIS In this
study, largescaleselectiors of electric
wind turbine sitesverecreatedwithin
the SPU electric service territorour
different product summariesere
created

Methods
Software Used

The GISsoftware used to perfortasks
in the wind turbine siting ethodology
consisted oESRI ArcGIS 9.3 and
Spatial Analys{ESRI, n.d.)

Data and Coding the Layers

The geographic layers used in this study
were the wind speed resource, Scott
CountyMinnesotdand parcels, and two
foot land contours, SPthree phase
electric lines thatonsist of three wires



with the carrying capacity for the electric
power produce, roads, and railways
layers.Other lgyers incuded in this

study werestreams, shorelines,
wetlands, and wooded asghat were
retrieved from Scott CountiMinnesota
The final layer collected v&the
Metropolitan Urban Seice Area

(MUSA) retrieved fromthe Metropolitan
Councilwebsite (2009)

Eachlayer was convertetb a
raster. The project was analyzed in raster
format because of the ability add and
subtractrastervalues withsubsequent
reclassification oeach layed salues.
Thelayers weregiven a (+1) value or a
(-1) value if the layer wsa valuable
asset ohindranceo a wind turbinesite
location

The data layers used this study
to asseswind turbine site selection
included:wind speed resourckand
parcels according teize land use
accordingo parcelzoning, land
elevationcortours, roadways, and
electric power linesThe wind speed and
contours layersvere importantto insure
thatwind turbinds) has the maximum
wind capacity to produce electric power.
Thelandparcelsizeand itszoningwere
importantto determinavhich parcé and
its zone (i.eresidential, commercial,
industial, and agricultural) woulthest
besuited to host a turbin€or example,
people would be monesistanto a
turbine in a residential area compared to
an industrial area he roadway ad
electric powe lines layes wereusedto
help keep construction costs low.

The daa layers thaoffered
information that would beetrimenal to
wind turbineenergy production
included:streams, shorelines, wetlands,
wooded areas, railways, and MUSA.
These vere congiered to be aindrance
to electric productiothat that if

disturbed, depending on the governing
authority, the natural resourceight

need to be mitigated and this might cost
prohibitive to do The railway layerwas

of negativampactbecause othe
difficulty in obtainingoermit to build in
the railway rightof-way (MMPA, 2009).
Finally, the MUSA layer was considered
detrimenél dueto the higher valuand
purchase pricef land since watr and
sewer § available to the parcel
(Metropolitan Council, 208).

Acquiring Data Information

Data layers were obtaindéem a variety
of sourcesThe Minnesota Department
of Commerceprovided the wind
resource layers for thalculation of
wind capacitiess aspatial raster grid
This was thebest quality resoltion data
locatedbut is poor in that its cell size is
500 meter cell sizer 46 acres

Scott County providethe
parces, planimetris, and contour data
as well as the datum which #fle data
wasspatial referencetb. The
planimetric déaincluded roadways,
railways, shorelines, swamp edges
streams, and woods edg@ébedata was
obtainedas shapefiles.

Metropolitan Met) Council
provided the Metropolitan Urban&yvice
Area (MUSA) 2010 layerThedatawas
provided as shapefiles.

Shakopee Public Utiligis
provided the service territory layer
(about33 square milg andthe electric
layers The electric layeincluded
existingelectric overhead and
underground three phapewer lines
needed to insure ¢hcapacity of power
produced to be distributetdas me. The
datawasobtaired as shapefiles.

Calculating RasterLayers



After the data was collectethe first
step was to prepare the GIS data. The

GIS lay

seamles$ayers for the Shakopee Public

erswereprocessed to create

Utiliti es (SPU) service territoysing the

cdip

tool . Since

projectionshaddiffering coordinate

systens
layers),

(i.e.MUSA and wind resource
projections had to be

reprocessed to matchetlother layers

projecti

on (i.eSPU service territory).

Thefollowing layers were

manipu

latedby assigning new values to

theattributesin preparation for the
analysis

1.

Table 1.

Wind resource$ the wind speed
values collected at 30 metens
height,werereclassifiednto

four categomes(Tablel). The
wind rasterhada cell size 0500
meterswhichrepresents a cell
area of2,600,000square feet or
46 acregFigure 1)

Wind Resourcealues(in meters/

second with the lowest value sé¢b 1 and the
highest value to 4

Value Wind Speed (m/s)
1 4.1-45
2 45-5.0
3 5.0-5.5
4 5.5-5.6
2. Parcel &nduse layeli the

following layers were converted
to a rastewith acell size of 50
feet which is2,500 square feet
or 0.06 acregFigure 2).

a. Parcel acres which were
two acres or greater due
to the calculation of 1.1
times the kight of thetip
of the turbine blade of a
265foot turbineto its

S o0ome

hubwith 35 foot blades
to the rght-of-right line
per a draft @y of
Shakopee ordinance of
the wind turbine (City of

of t ISkakopee,t2@00)s
b. Land use features of
residential, commercial,
industial, and
agricultural
]
]

o
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Figure 1. Wind Resource reclassified raster
illustrating values of wind speeds. The least
desirable areas (red) are classified as 1, while the
best areas (blue) are classified as 4.

Table 2. Reclassified land parcel use values.

Value Land Use
0 Residential
1 Commercial
2 Industrial
3 Agricultural

The parcel values werbvided
into four categorieg¢Table 2)
Residentiaparcelswould be hardest to
developa turbineand as such were
assignea value 6 zerg with zero being
the least desirabl@gricultural parcels
would beeasiest to develop a turbina
and wereaassigned aalue of thregwith
three being the most desirable

3. Contour layeii this layer vas
convertedrom twofoot



elevationcontour linegnto an
aspect rast. Northwestfacing
areas were extractdéor

optimum wind exposure (Figure
3).

4. Electric power line$ this layer
wasselected for three phase
subtype for overhead and
undergroungklectriclines.

5. Roads thislayerconsisted of
main highways and county
roads.

0= Downtown/Residential [JJIl 2 = Industrial
Il ' = commercia I 3= Agricuitural
Figure 2. Land parcels consisting of two acres or
greater. Areas in white color (residential values
of 0) are least desirable. Areas with magenta
color (agricultural values of 3) are most desirable
for turbine development.
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Buffers were applied tde
following natural resource, railway,
MUSA, power lines, and road layers.
The natural resource buffers were
createctbased on theecommendations
of theScott CountyAdvisory
Commission(2006). The power lines
and roads buffer were based on the
MMPA (2009. The railwaysuffer used
exceeded the buffeecommended by
the Scott County Advisory Commission
based onnformation fromthe Union
Pacific Railroad website (20090 his
was done to minimizeonflicts with
railroad infrastructureThe following

buffer zones were converted to a raster
with an output cell size of Set

Streams 150 foot buffer
Woods- 150 foot buffer
Wetlands- 70 foot buffer
Shorelines 150 foot buffer
Railways- 150 foot buffewhich
exceededhe Union Pacific
Railroad restrictioaof 50 feet
center of rightof-way (2009)
6. MUSA T no buffer andralue of
one was usedhenreclassified
7. Electric power lines 1320 foot
buffer (MMPA, 2009)
8. Major roads 1320 foot buffer
(MMPA, 2009)
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Figure 3. Northwestacing land areas presented
in blue with a 50 foot cell size.

Table 3. Reclassified values for layers except
Wind Resource and Parcel Land Use.

Layers Value
Land Contours 1
Roads 1
Electric Power Lines 1
MUSA -1
Railways -1
Streams -1
Shorelines -1
Swamps/Wetland -1
Woods -1




The eclassify toowasusedto
givea (+1) or (1) valueto each layer
(Table 3) No Data valuswere
reclassified to a value of zero toesure
all of SPU electric service territory was
given a value to be analyzed.

Analysis

Constructing theFinal Layer Values
and Analyses

Eachstep in the analysigsed all of the
layers listed in théollowing paragraph
to complete the analysis. Each layer in
eachanalysis stegdescribed belowyas
given a different value according to a
survey that bd ranked eachyar for
each analysjexcept for the Eapl

Value Layer Analysisvhich usedts
original negative or positive value layer

Environmental and Political Analysis

The environmentaand political
weighted analysis emphasizisdues that
impacedthe siteenvironmentally and
politically. The natural resource layers
wereused to inctate areas wheltdgh
bird and bat migration and sensitive
environmental areasight beimpacted
The layers that were wghted for
governmenfiditical analyss wereland
use ad/or zoningand usedo indicate
agricultural, industrial, commeid, and
resicential areas. The political analysis
identifiedthemore regulated sections of
the terrtory by the City. Where therea
larger population densities, the more
likely one will find expressions of
NIMBY (not in my back yard) for a
wind turbine structure.

Geogaphical Analysis

Thegeographically weighted analysis
emphaied layers that tookto

consideration the physical land
properties of the sites. The primary use
of the gegraphyanalysiswvas to explore
and evaluaterientation for optimum
wind generation such as land faciog
the northwestThe geographical analysis
includedthe physical land site and how
it would meet the wind turbines physical
infrastructure requiremeésisuch as
having sufficient land area structurally
construct a turbine. Artber plysicalsite
requirementwasbeing in close

proximity to roadways thagupport

larger capacitiesf traffic and larger
vehicles (i.e. county roads, major city
collector strets, anchighways). Finally,
the geographgnalysisexaminedhe
restrictive areas that railroadsquireas
buffers from its facilities.

Cost Effective Analysis

The cost e#ctivenessnalysis identified
the optimum site with the greatest return
on theinvestment of the wind turbine.
An exampleof being cost effectivevas
evaluating the wind resource layer for
the greatest wind speeddadirection.
This analysisvaluateddata layers that
helpedindicate lanccostvalue such as
the Metropolitan Urban Seice Area, or
MUSA, 2010 layer from th&win Cities
Metropolitan Area of Minasota.The
MUSA layer indicatedf city water and
sewer hookup would be availab(@ity
water andsewer hookup information
helpedwith theassessment of thalue
of aparcel andts surrownding parcels. If
the parcel haMUSA, the parcel wuld
be morecostly to buy or leas&\
secondary usef the cost effectiveness
analysiswasto minimize the cost of
construction and maintenanoéthe site
(i.e.vicinity of thethree phase powe
lines and roadwaysFinally, close
vicinity to main roadwaybelps decrase



costs for road improvements atiet
driveway constructiomeeded for
transportationn and out ofasite

Equal Value LayeAnalysis

The final analysigproducedvasthe
Equd Value LayerAnalysis The Equal
Value Analysisused the origal values
to generate its ma@ables 1, 2, and 3).
The analysigaveinsight toall layers
with no emphasis omg.

Analysis Construct

A survey was given tthirteen
employeest SPUconsisting of
engineerselectric linemen, and office
workers Each respondemtasgiven a
description okach layefor eachof the
three analyse(i.e. environmental and
political analysis, geographical analysis,
and cost effective analysiahdwas
asked taankthe importancef each
layeron a scale of one to three with
three being the most important valéd!
responsesanked values for each of the
layers in each of thiour analyses
(Environmental and Political analysis,
Geographical analysis, Cost Effective
analysis, andqual Value Layer
analysis\were summedb givea total
measure of importance for each lafar
each analyse§ he \aluewith the

highest scorérom the surveysvas then
designéedt healud f or each
With this designatedralue eachlayer
wasthen added to theriginal value
from Table 2and 3 The newvalue for
each layer wasreatedby using the
redassify commandTable 4) Parcels
thathadmultiple zoning classitations
weremanaged as a separate tadle
appendedo the different sets of peel
zonegTables 2 and5). Thewind
resource, also with multipleind values
was left to itsoriginal valueso ago not
allow the study to set excessive
importanceo the wind resourcever the
other layers being summé@able 1)

Table 5. Parceblnd use wth summed aluesof
original value and survey

Value Land Use
1 Residential
2 Commercial
3 Industrial
4 Agricultural

As each layer was reclassified to
reflectits new valuetheraster alculator
was used to analyaachlayer. The
raster catulatordisplayed anaccrualof
eachcel | 6s wval ue .Asn
valuein the output rastencreased, it
signifiedareaghatwere more suitable
for locating awind turbine sitgFigures
4,5, 6, and ) To simplify the number

Table 4. Summed values for reclassification in final analysis exdegtresource and parcel lande

which are in separate tables.

Layers Geography Analysis Cost Effective Environmental & Political
Value Analysis Value Analysis Value
Wind Resource Table 1 Table 1 Table 1
Land Parcel Use Table 2 Table 5 Table 5
Land Contours 4 4 2
Roads 2 2 2
Electric Power Lines 3 4 2
MUSA -2 -2 -2
Railways -2 -2 -2
Streams -3 -2 -4
Shorelhes -2 -2 -4
Wetland -3 -3 -4
Woods -3 -2 -3




of differentvalues, analysis layersvere
reclassified for a final analysi§able 6)
(Figures 8, 9, 10, and 11).

el S
Figure 4. Final calculation of geography analysis
where red is the least suitable and blue is most
suitable for turbine site(s).
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Figure 5. Final calculatin of environmental and
political analysisvhere red is the least suitable
and Bue is most suitable for turbinéeys).
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Figure 6 Final calculation of cost effective
analysis where red is the least suitable and blue
is most suitable for turbinete(s).
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Figure 7. knal calculation of equal value layer
analysiswhere red is theelstsuitable andolue
is most suitable for turbinets(s).

Table6. Final reclassified calculated values for
eachanalysis from groupo single alue

Geography Analysis| Cost Effective Analysis

New New
Old Values | Values| Old Values| Values
(-5-0) 1 (-5-0) 1
(O to 4) 2 (O to 4) 2
(4 to 8) 3 (4 to 8) 3
(8t0 12) 4 (8t0 12) 4
(12 to 14) 5 (12 to 16) 5
Environment & Equal Value Layer
Political Analysis Analysis
New New
Old Values | Values| Old Values| Values
(-8to 0) 1 (-1to 0) 1
(0 to 3) 2 (0 to 3) 2
(3to 6) 3 (3to 6) 3
(6t09) 4 (6t09) 4
©to12) [ 5 [ NG
Results

Theresults of this studydentifiedthe
following:

1. A profile of the SPU seice
territory

2. Areas where the wind resousce
werestrong, but other resources
(i.e. electric lines, roads, and
natural resourcesyereweak

3. Areas showing different
potentialsfor wind turbine
placementccording taanalyss
with different layer valug



4. Unexpected areas pbtential
wind turbine sites
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Figure 8. Final reclassified calculation of
geography analysis where red is the least suitable
and blue is most suitable for turbine site(s).
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Figure 9. Final reclassified calculation of
environmental angolitical analysis where red is
the least suitable and blue is most suitable for
turbine site(s).
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Figure 10. Final reclassified calculation of cost
effective analysis where red is the least suitable
and blue is most suitable for turbine site(s).

Figure 11. Final reclassified calculation of equal
value layer analysis where red is the least
suitable and blue is most suitable for turbine
site(s).

Therewerechallenges to take
into consideration withhte resultof
these four analyse$he first two
considerationsveredue to the wind
resource layefThe first consideration
was the spatial reference of the datum
All the vector layers were projected into
the Scott Countyads
Lambert Conformal Quic Coordinate
SystemHoweverthe wind eurce
layerwasprojected ag North American
Datum (NAD) 1983 Lambert Comirmal
Conic Coordinate ytem.Although
both projectionsvereprojected on the
fly, the datavasskewedto the west of
the SPU electric service border creating
a small area of no daf&igure 12).

Figure 12. Lack of analysis on eastern border of
SPU territory due to projection on the fly.
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