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The GREBE Project

What is GREBE?

Dw9. 9 ODSYSNIGAYy3d wSySglkofS 9y SNBa (20152819) fidhanational y G S NLINI
project to support the renewable energy sector. ltisktadzy RSR 6& GKS 9! Qa b2NIKSNYy t
Programme.t focuses on the challenges péripheral and arctic regions as places for doing business, and

helps develop renewable energy business opportunities in areas with extreme conditions.

The project partnership includes the eight partners from six countries, Western Development Commission
(Ireland), Action Renewables (Northern Ireland), Fermanagh & Omagh District Council (Northern Ireland),
Environmental Research Institute (Scotland), LUKE (Finland), Karelia University of Applied Sciences (Finland)
Narvik Science Park (Norway)d Innovatbn Iceland (Iceland).

Why is GREBE happening?

Renewable Energy entrepreneurs working in the NPA area face challeyeding a lack of critical mass,
dispersed settlements, poor accessibility, vulnerability to climate change effectslimitdd networkng
opportunities.

GREBE will equip SMEs and stan$ with the skills and confidence to overcome these challenges and use
place based natural assets for RE to best sustainable effeet.renewable energy sector contributes to
sustainable regional andiral development and has potential for growth.

What does GREBE do?
GREBE suppontenewable energy stamtips and SMEs

1 To grow their business, to provide local jobs, and meet energy demands of local communities.

1 By supporting diversification of thiechnological capacity of SMEs and si#ps so that they can exploit
the natural conditions of their locations.

1 By providing RE tailored, expert guidance and mentoring to give SMEs andpstaite knowledge and
expertise to grow and expand their busilses.

1 By providing a platform for transnational sharing of knowledge to demonstrate the full potential of the RE
sector by showcasing innovations on RE technology and strengthening accessibility to expertise and
business support available locally and inexttNPA regions.

1 To connect with other renewable energy businesses to develop new opportunities locally, regionally and
transnationally through the Virtual Energy Ideas Hub.

f . & O2YyRdzOGAY3 NBASIENOK 2y (GKS LINROSaasSa 2LISNIGAy3 A
needs and make the case for public policy to support the sector.

For moreinformation, visit our website:
http://grebeproject.eu/

Follow our Blog:
https://greberenewableenergyblog.wordpress.com/

Like us on Facebook:
https://www.facebook.com/GREBEProject/

Follow us on Twitter:
https://twitter.com/GREBE_NPA
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TheToolkitoutlinesbest practice techniques fassessingvind resource potentialas a
foundation forawind resource assessmenthe wind resource assessment entaldustry
accepted guidelines for planning and conducting a wesburce measurement program to
support a wind energy feasibility initiative.hese guidelines do not embody every single
potential technique of conducting quality windmeasurement program, but they address
the most essential elements based on figicbven experience.

The scope of th@oolkitcovers:
U Wind resource assessmeh01
U Sitting of monitoring systems
U Measurement parameterand nonitoring instruments
U Installation of monitoring stations

U Site operation and maintenance

U Datacollection and management
U Data validation
U Data processing

U Comparison of observed wind data with historical norm

U Wind flow modelling

A GREBE () iotbom Puriphary -
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Wind resource  assessment
101

Current status of global wind power

¢KS UNRGO 6AYR GdzZNDAYSa FT2NJ St SOGNAROAGE 3ISYySN
20th century. Thus, wind technology is one of the most mature and proven technologies on
the market. In 2015, the wind energy industry installed 12.8 GW in ther&bfe than gas

and coal combinedGlobally, the current wind power stallation capacity has reachd@5

GW with a significant growth rate of 16.4% in 2014 and 17.226156.Wind turbines offer

the prospects of cost efficient generation of electricity dasdt return on investment. The
economic feasibility of wind turbines depends primarily on the wind speed. Usually, the
greater the long term annual average wind speed, the more electricity will be generated and
the faster the investment will pay badkowever, it is important toaccess the wind power
potential (WPP) at anprospectivelocation to decide the capacity of wind resource for
electricitygeneration within available time limstof wind duration. Hence, it i®levant to
observe the wind charactestics and type of wind turbine technology suitable for any given
promising location. Thedactors are very much helpful for wind power developers and
investorsto make a decision with respect to the economic constraints.

The total global WPP of about 84TW was estimated from theountries like USA,

European Union (EU), Russia, and ash&heWPPinput from the rest of the countries is

little in contrastwith USA, EU, and RussiaeTotal energy consumptioaf about 103,711
TWh was assessed all oveetorld fornumerous sectors such as industries, cooling and
heating, and transportput of which 19,299 TWh is used up by the power sector as per the
official evaluations of IEA for 2011. Thus, the total worldwideential is adequate to cover
the entireworld's energy demand bsupposing roughly an averagf about 2000 full load
hours.As per the official estimates, the global wind power instattegacity has reached
435GW out of the global estimated potential 85TW.*

Objectives and approaches

A wind resource assessment necessitatgganisation and harmonizationhile at the same
time it islimited by budgetconstraintsand schedule restrictiond’he assessment necessities
a clear set obbjectivesin order to identify the best approach and aetethe desired
results.The success of a wind resource assessnsetwntingent orthe quality of the

LINE AN YQ&a | ataoona ditisgrandrm@asiBdmant techniques, trained staff,

LA comprehensive réaw of wind resource assessmeitS.R. Murthy, O.P. Rak017.
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guality equipment, and comprehensive data analysis methbidsnerows methodologies
have beendefined to assess aind resource within a given land area. Taeoured
methodologywill rely onthe objectives and oprecedingexperience with wind resource
assessment in the region and in similar terrain. Treggaroaches cabe categorized as
three main stages afind resource assessment: site identification, prelimin@source
assessment and micrositing.

Preliminary ste identification - This process monitors a comparatively large region for apt

wind resource areas groundexh data collected through airport wind data, topography,

flagged trees, wind maps and other publicly available data. It also takes into consideration
positive and adverse aspects, such as constructability, access, and environmental
deliberationsThefirsi &G0 SLJ Ay RSFAYAY3I | NBIFQa LRAISYGAlf
geographic data in a Geographic Information System (GIS). This assists efficient work and
precise choices during the siselection procedure. The most valuable geographic data can

be attaned through the use of the following in the GIS:

Wind resource maps
BuildinggPipelines (natural gas, oil)
Terrain data

Project boundary

Competing projects

Water bodies

Exclusions

Roads and paths

Permitting requirements

Land cover data

Radar andhirspace restrictions
Transmission line and substation
Locations

Environmental considerations

©O O 0O OO0 O 0O o o o o o o o

At the end of the toolkit you can find information on useful tips/websites/places where you
can obtain this information fromOnce a GIS project has been genetauitable

benchmarks can be applied ehhoosecandidate sitesWhencontestant sites have been
designated much of the mortoring design can be determined & virtual environment. A

GIS is particularly useful for determining the meffective locationgo installmonitoring
towers.
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Preliminary resource assessmént once possible sitgare identified the second step in

the assessment is the preliminary identification and classification of the wind resource. This
would assist the positioning of tHest wind monitoring towers. The aims of this stage of
the resource assessment are:

(0]

(0]

Conclude or confirm whether adequate wind resources are present within the area
to validate further sitespecific surveys

Compare areas to tell between comparativevelopment potential

Acquire demonstrative data for appraising the performance and/or the economic
viability of selected wind turbines

Screen for potential wind turbine installation sites.

Wind monitoring campaign- achieve the bespossible understaridg of thewind resource

at the turbine hub height and through the rotor plane across the project area. This objective
can be realised through a selection of monitoring options, inclutbmger distribution,
height,instrumentation and groundbased remotesensing. Once the measurement phase is
substantially completedt is followed by data analysis amabdelling

o

Tower distribution- location and dispersal of meteorological towers within a project
area to diminish the uncertainty of the wind resourcepatential turbine locations.
Centralattentions thatshould be consideredre, butnot limitedto:
A Resemblandeepresentativeness of thehosen areato the larger project
area
Capacity to capture the variety of settingsperienced by future turbire
Digance to future turbines, if the turbine layout is known
Multiple masts, if needed
Tower height 60metre meteorological towers are thmainstream heighbf most
wind monitoring programsTaller towers as well as remote sensing systems may be
employed, neasuring the wind resource at the hub height (and above) of the
proposed wind turbines. The direateasurement at hub height, rather than
extrapolation from lower measurement heights, diminisluesibts in the wind
resource.
Tower Irstrumentation- the colection of wind speedlata, winddiredion, and air
temperature data aréhe mostimperativeA Y RA O (i 2 NJ 2rergyresduicél SQa 4.
Variousmeasurement heights arerucialto concludeonl aAGSQa gAYy R &KSHI
characteristics. Wind direction frequengyormation is important for optimizing the
layout of windturbines within a wind farm. Air temperature measurements help to

> > >

2 Wind Resource Assessment Handbeokundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
% Wind Resource Assessment Handbook, NUSERDA, 2010.
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provide additional information abouhe site conditions and to determine air
density.

o GroundBased Remote Sensing. Sodar (sontea®mn and ranging) and lidar (light
detection andranging), two recent opportunitiefr measuring wind speed. They
can be advantageous for spohecking the windesource at different points within
the project area and for measuring the wind shear thgbaut the rotorplane.
Shortterm (46 week) campaigns are typical, but longer or multiple campaigns may
be desirable fotarge projects (greater than 100 MW), in complex terrain, or for
projects where significant seasonadriation of shear is expected.

0 Measurement Plag purposeis to guarantee that all facets of the wind monitoring
programare pooled to delivercomprehensivealata required to meet thevind
energy program objectives. It should be documented in writing, and revised and
agreed by theproject participants before it is executed. The recommended
minimum duration of he wind monitoring is one yeabut alonger period produces
more reliable results. The data recovery for all measured parameters should be as
high as possible, withneobjectivefor most tower sensors of at least 90%, with few
or nolengthydata gapsThe raterealisedwill be influenced by number of factors,
including the remoteness, weatheonditions, the typeof instruments, and methods
of data collection
The plan shouldtipulate the following elements:

Measurement parameters (e.g., speed, direction, temperature)

Equipment nature, quality, and budget

Equipment monitoring heightand orientations

Number and location of monitoring masts

Minimum preferred measurement precsi, length, and data recovery

Data sampling and recording intervals

Parties responsible for equipment fitting, upkeep, data validation, and

reporting

A Data transmission, screening, and processing techniques
A Quality control measures
A Data reporting intervaland format.

0 Monitoring Strategy necessitategjood management, qualified staff, and adequate
resourcesAll parties involved have to be aware of their responsibilities, lines of
authority, accountability, objectives of measurement plan and schedHitgh
standards of data accuracy and completeness call for suitable levatiafidigwith
the right qualificationsan investment in quality equipment and tools, prompt
resporsiveness to ad hoc eventaccess to spare parts, routine site visits, and timely
review of the data.

A Station operation and maintenanceontinuing maintenance and vigilant
documentation of the windesource monitoring station isssentiako

. GREBE 4 Yo B
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preserve thereliability of the measurement campaign and aocomplistthe
objectivesof the measurement plan.

A Data collection and handlingthe processhasto guarantee thathe datais
accessible for analysis and secure from corruption or loss.

o Quality assurance pldig a systematized and comprehensiaetion agenda for
assuring the swessful collection of highuality data.The program manager should
inaugurate and validate the qualigssurance plan, thus giving it authoritr all
personnel. AQuality Assurance Coordinatislinked between theplan and the
program management, wha an expert onthe routinerequirements for collecting
valid datalt issuggested that the quality assurance plan inckidhe following
constituents:

A 9ljdALIYSY(d LINRPOAZINBYSYyld GASR (G2 GKS LIN
A Equipment calibration technique, rate of recence, and reporting
A Monitoring station installation, verification, and operation and
maintenance checklists
A Data collection, screening, and archiving

Data analysis guidelines (including calculations)

A Data validation methods, flagging criteria, reportingquency, and
format

A Internal audits to document the performance of those responsible for site
installation and operatiomnd maintenance, and for data collection and
handling.

\>\

Micrositing - core aimis to quantify the smalécale variability of the wincesource over the
terrain of interest ando position one or more wind turbines on a parcel of land to maximize
the overallenergy output of the wind plantt this stage, the wind resource is characterized
as accurately as gsible at all relevant tempotand spatial scake Step in micrositing are:

o Data validation Once the data from the monitoring system have been successfully
obtainedandtransferred to an office computingnvironment, the data cathen be
validated. During this process, the extensigses and reasonableness of tthata are
evaluated andalidated, and suspect values are highlighted within the data resord
o Characterizing the observed wind resourcafter wind resource is validated, the
data can be used to produeeportsspecific tothe site wind resource statistics to
assist in characterizing the resource.
o Estimating the hutheight resourcead 8 SaaAy3  ¢gAYR Gdz2NDAYSQa
potential often entails extrapolating the measured data from the togight of a
tower to the intended turbine hub height. The task involves a cautious and often

*Wind Resource Assessment Handbook, NUSERDA, 2010.
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subjectivescrutiny ofdataabout the site, including the local meteorology,
topography, and land cover, as wall the measured wind shear.

o The climateadjustmentprocess- correcting the observed wind measurements to
0KS aAaitsSQa KA ail anddrstid howyh? IN@asurerheyits NS, NI { 2
aswind speeds can vary substantially from th@m, making the measurement from
a shortterm wind resource assessmecampaign potentiallynisrepresentative A
LINEOS&da (y26y a aYSFadaNBI O2NNBf | 1S3> LINB
measurementdo a longterm reference, thereby reducing the uncertainty of
associated energy estimates.

o0 Wind flow modelling onsite meaurements are restricted to a few locations within
the project area, wind flow modelling cagstimae wind resource at albcations.

Sitting of monitoring sites

The chiefgoalof a siting program is tohoosenominee wind project siteandlocations for
wind monitoring systems. As the preliminary explorg region can be quite largehe
sitingmethod should be designed sodtan efficiently focusn the most suitable areas
There are threeorestagesn the sitingprocess

1 Identificationof potential wind development sites
1 Gradingand assessment of nominee sites
1 Selection of tower and other monitoring locationggithin the nomineesites

Use of wird resource data sources

Wind resourcepublic data sources can be valuabldhe early stage of the siting process.
Those data sources would not be sufficient to define project viability but they can be the
starting point for exporation of wind developments and potential siteRegrettaby, most
historical wind data wasot colled¢ed for wind energy assessment purposss the resuls
characterize the mean conditions near population centres in relatively flat terraitoar
elevation areas.

Wind resourcemaps’

Regional wind resource maps are a useful starting point for identifyatgntially attractive
wind resourceareas. They have the extra benefit of being compatible with GIS. Raalgon
precise and thorough wintesource maps have been created using mesoscale weather

®Wind Resource Assessment Handbook, NUSERDA, 2010.
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models, nicroscale wind flow models, aridgh-resolutionelevation and land cover data,

with spatial resolution ofegional maps ranges from 200 5km. With increasing numbers
of groundbased measurements from specially installed anemometer stations, as well as
operating data from commissioned wind farms, thewaecy of wind resource maps in

many countries has improved over tine addition to the publicly available sources listed
at the last section of the toolkiimaps are available as commercial products through
specialist consultancies, or users of GIS safitwcan make their own using publicly available
GIS dataAlthough the accuracy has improved, it is doubtful that wind resource maps,
whether public or commercial, will remove the prerequisite forote measurements for
utility-scale wind generation pregts

Resource mapsan help accelerate the process of site identificatiemmd the existence of
high quality, grounebased datacan shorten the amount of time whex-site
measurements need to be collectedare must be taken when using wind resource maps,
as most mapgresentestimates of the londerm meanwind speed at garticular height
above ground, which cannot lieanslated directly into production bywind turbine, which
depends on other factors sh as the speed frequency distribution, air density, and
turbulence, as well aspecific turbine model and hub height. Some wind map vendties
suchcomplementarydataupon requestfogether withappraisalf capacity factor for
particular turbine modés.

Site specific wind data

Publicly available wind data can be useful for evaluating the wind resauecesgion,
particularly if thewind monitoring stations are in locations that are representative of sites of
interest for wind projectsAnexample vould be a tall tower on a ridge linbut alsoairport

and other weather stationsSeveral essentiakhould be reflectedvhen considering using

data from site specific instruments:

Station location

Tower type and dimensions

Local topography, obstaclesnd surface roughness

Sensor heights, boom orientatis, and distances from tower
Sensor maintenance protocol and records

Periodof data record

Quality-control and analysis applied to the data

O O O O o o o°o

Wind data tendgto be more characteristic of the nearby areaeavh the terrain is
comparativelyflat, since at aomplex terrain, the capability to reliably extrapolatata
0Seé2yR | imaediatdivicigity i©dore restricted and might call for expert judgment
and wind flow modellingEven in flaterrain, good &posure to the wind is crucial,
specifically for short towerdata fromexisting meteorological toweris unlikely to be able

, GREBE o Fromeieiy -
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to substitute onsite measurementsom a wind monitoring campaign but can be used in a
preliminary assessment.

Typical taltower anemometer heights are 30m to 60m, while heights for other stations
may be anywherérom 3m to 20m. When comparing data from different stations, all wind
speeds should be extrapolated éiocommon reference height (e.g., 80m, a typical wind
turbine hub heght). Wind speeds can be adjustedawnother height using the following

form of the power law equation and there is an online calculator at the last section of the
toolkit.

_ N ho\%
V2 =1V E

Where:

v, = the unknowrspeed at heighh,
v; = the known wind speed at the measurement height
h " GKS gAYyR aKSIN SELRYSYI

Theambiguityin the estimatedspeed depends on both the ratio of heiglitst have to be
extrapolatedand thedoubtin the windshear exponentlf the upper height is &arge
multiple of the lower height, the uncertainty may be quitege, and extrapolating from
10m to 8Gn may bring about an uncertainty of 1680% in the resultanspeed.Wind shear
exponents fluctuate extensively subjaotvegetation cover, terrain, angeneralclimate.

Terrain Description Power law exponent, ot |

Smooth. hard ground. lake or ocean 0.10

Short grass on untilled ground 0.14

Level country with foot-high grass. occasional tree | 0.16

Tall row crops. hedges. a few trees 0.20

Many trees and occasional buildings 022-024

Wooded country — small towns and suburbs 0.28-0.30

Urban areas with tall buildings 04

Tablel Estimation of the wind shear exponent according to the terr&in
The table above gives an estimation of the wind shear exponent according to the terrain.

Topographic indicators

The topographiscreening should attempt tmentify features that are likely to experience a
greater mean wind speed than the general surroundings. This procespgeasially

6 https://www.geocaching.com/geocache/GC1BF99_t@invesa-lessonin-wind
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important for areacontaining little or no relevant historical wind speed data. Features that
are likely to be windier inabde:
e Ridges onented perpendicular to the prevailing wind direction
——o[tl

— S
B4

e Highest elevations within a given area

The terrains that are considered most appropriate for potential wind energy sites are
elevated ridges that are perpendicular (90 degrees) to the prevailing winds. Elevated terrain
causes accelerating forces that increase local wind speeds. Thesiddercept the winds

and then compress and accelerate air as it moves upwards, increasing the wind speed at the
ridge top. Therefore exposed ridges are known to be sources of higher localized winds.
Other areas where the wind accelerates are steep dwioievalleys that funnel the wind.

For the purpose of wind power meteorology, which is primarily concernéu tive wind

flow from 10 to 20@n above the ground, the effects of the topography can be divided into
three typical categorie8

o0 RoughnessThe collective effect of the terrain surface and its roughness elements,
leading to an overall retardation of the wind near the ground, is referred to as the
roughness of the terrainThe more prominent the roughness of the earth's surface,
the more thewind will be slowed downn the wind industry, people usually refer to
roughness classes or roughness lengths, when they evaluate wind conditions in a
landscape. A high roughness class of 3 to 4 refers to landscapes with many trees and
buildings, while @ea surface is in roughness clas€0ncrete runways in airports
are in roughnesslass 0.5. The same appliedlat, open landscape.

0 Obstacle Close to an object, such as a building or shelterbelt, the wind is strongly
influenced by the presence of thabstacle, which may reduce the wind speed
considerablyObstacles will decrease the wind speed downstream from the obstacle.

" Wind Resource AssessmeHfindbook- Fundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
8 http://www.windpower.org/en
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The decrease in wind speed depends on the pordsipgn area divided by the total
area of the object facing the windf the obstale, i.e. how "open" the obstacle is.

A building is obviously solid, and has no porosity, whereas a fairly open tree in winter
(with no leaves) may let more than half of the wind through. In summer, however,
the foliage may be very dense, so as to malkegbrosity less than, say one third.
The slowdown effect on the wind from an obstacle increases with the height and
length of the obstacle. The effect is obviously more pronounced close to the
obstacle, and close to the ground.

Orography The termorography refers to the description of the height variations of
the terrain, referenced to a common datum such as the mean sea level. When the
typical scale of the terrain features becomes much largentha height of the

points of interest they act asrographic elements to the windNear the summit or

the crest of hills, cliffs, ridges and escarpments, the wind accelenatale near the
foot and valley it will decelerate.

Topographic maps also provideinitial look at other sitecharacteristicsinduding:

O O O o o ©o

Available land area

Positionsof existing roads and dwellings
Land cover (e.g. forests)

Political boundaries

Parks

Proximity to transmission lines

Following the topographic screening, a preliminary ranking can be asdigiee list of
candidate sitedased on their estimated wind resource and overall development potential.

Tree flagging, a preliminary assessment following the topography, can be mesiteg the
technique known as windeformed conifer treesThe deformatin ratio reflectshe
amount of crown asymmetry and trunk deditioncaused by wind.

-
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Flagging
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Figure2 GriggPutnam Index of Deformit?/

Trees represent an inexpensivample, and quick method tilentify the favourable
locations for availability of wind power

Field surveys

Visits should benadeto all apt areas witlthe goal of confirming siteettings. Matters of
significance comprisef:*°

Available land area

Land use

Location of obstructions

Trees deformed by persistent strong winds (flagged trees)
Accessibilityo the site

Potential impact on local aesthetics

Cellular phone service reliability for data transfers
Possible wind monitoring locations.

O O 0O OO0 O o o

It is a @od idea to keep a ranking matrix while making the visit, where scores are assigned
to eachcriterion and weighted accordingly to their importance. The final scores are
summed at the end to reach composite rankingWWhile doing the surveysigimportant to
have a detailed topographic map and GPS system in ordectod the exact location

o http://www.daviddarling.info/encyclopedia/S/AE_small_wind_electric_system_resource_evaluation.html
10 |}
Ibid 7

? GREBE () axn B
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(latitude, longitude, and elevation) of each point of interestd link simultaneously to a
laptop running a GISV¥henevaluatingan anticipatedtower location, the assessor cafso
evaluatethe soil conditions so therpper anchor type can be chosen latbr.forested
settings, it should be determined whether tree clearing willreguiredfor tower
installation.

Field visits alsoffer anoccasiorto becomefamiliarwith landonvners who may baffected

08 UKS LINRLRASR gAYyR LINEIgestiDdscan be gré&sené@igd i 2 NA y 3
friendly,faceto-F I OS O2y @SNAEIF A2y > YR (GKS obudperR2 gy SND
noted and addressed, ffossible If the project is of darger scale and a community might be

affected by the proposal, it is good floee going forward to conduct a community

consultation and make sure that all the questsforoblems/issuesire addressed. It is in the

LINE 2 S Oiiitédests toelpotethis theme thoroughy during the initial site evaluation.
Meticulousvisualreprodudions canbe producedto model how asuggestedgroject will

look from arangeof positionsand in different lighttonditions. This type adxplorationcan

assisthe community understanidgof LINP 2 S Ol Q& LMdadévdlapdrsSo A Y LI O
recognisewhere a mitigation plan might beecessary™*

Tower placement

Several essential recommendations should be followed when selecting the locations for
new, dedicatednonitoring towers The placement of a mast is crucial for the precision of
the wind flow modellingPlace the towers as far away as possible feuistantial
impedimentsthat would not becharacteristiof obstructons at likely turbine location.

Siting a tower near obstruitins such as trees or buildings can adversely affect the analysis
of the site's wind characteristicsThe figure below exemplifies the effects of an

undisturbed airflow that encounteran obstruction.

UNDISTURBED UPSTREAM
WIND SPEED PROFILE

EXTREME
TURBULENCE

17% SPEED DECREASE® 6%\ 3%
2% TURBULENCE INCREASE® 5% 2%
43% WIND POWER DECREASE® 17 9%

M \wind Resource Assessment Handk, NUSERDA, 2010.
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Figure3

The presence of these obstructions gandify the apparent magnitude of the site's overall
wind resource, wind shear, and turbulence levels. As a rule, if sensors must be near an
obstruction, they should be situated at a horizontal distance no closer than 10 times the
height of the obstructionn the prevailing wind direction. The bottemost speed sensors

on the tower should be placed well above the tree canopy, if possible, to ensure an accurate
measurement of wind shear.

o] For small projects, select a location that is representative of winend turbines are
likely to be sited; not necessarily where the best wind is to be found

o] For large projects, select a diverse set of locations representing the full range of
conditions where wind turbines are likely to be sited.

One approach to tower@pointment is to keep the distance between any future turbine and
the nearesttower within definite limits. With this method, it is necessary to envision a
specific turbine layout beforsiting the towers. This may help determine the appropriate
number oftowers and reduce the wind flomodellinguncertainty.Distance is not the only
norm that should baaken into accountlt islikewise imperative that the masbcations be
characteristic of the terrain in which the turbines will ultimately be mountéthile there is

no clear industry standard, the follong guidelines may be followed:

Project Site Terrain Maximum
recommended distance
between any proposed
turbine location and
nearest mast*

Simple Generally flat with uniform surface 5-8 km
roughness
Moderately Compley Inland site with gently rolling hills, 3-5 km

coastal site with uniform distandeom
shore, single ridgelinperpendicular to
prevailing wind

Very Complex Steep geometrically compleidgelines,| 1-3 km
coastal site with varyindistance fran
shore, or heavilyorested

13

2 Wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
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When placing a mast towehat ishigher than the 60m, some challenges need to be taken
into account:

o There is a need for a larger clear area to mount a higher tower. Thus, the height of
the mast might be limited bthe surroundinggenvironmental considerations), if it
IS to be based, in a woody area.

o The higher the tower, the more powes required. In remote, peripheral locations,
this might call fora customdesigned power system, which would put up the price
for the resource assessment.

o When the mast is taller the challenges associated with severe weather are khigger
icing, high winds, lightningtc.,that might call for additional maintenance which
again raises the costs.

Land leasing

It is key to inquiravhether permitsare required before a tower imounted. Tiltup towers
typically fall into the category of temporary strucés, so permitting requirementgre

generally minimal.An apt choice is agption agreemen{anytime between & years),

which allawvs the developer to assess the wind resource and gives the right to exercise the
option and lease the land or not. This decision protects both the developer, by assuring the
developer the land will be available if the project goes forward, and the landotengo

forward with the use of his land if the project does not go further.

Formal lease agreements should be negotiated betweerdthe=loper and the landowner
to protect both parties, such a§*®

o0 The tower location The lease should clearly state wheéhe meteorological
towers can be positioned arttie total area they will occupy. Any anticipated
impediments from residences and property lines shouldtaged.

0 Access to premisesThe developer needs toave theright to access the land
anduse themonitoring equipment to retrieve data anchrry out repairs and
maintenance; provisions in the agreement should provide the developer with
adzOK | 00Saa ¢A0K GKS flFyR2gySNNRna O2yaSy

o Duration of monitoring period should be clearly stated

o Payment scheduleThe agreement should also outline how the landowner will
be compensated and the payment schedulring the option period, the
developer typically pays a fee to the landowner for the right to place wind
monitoring equipment on the site and sometimesdompensate for lost income

B Wind Resource Assessment Handbook, NUSERDA, 2010.

 wind Resource Assessment Handbedkundamentals for Conducting $uccessful Monitoring Program,
NREL, 1997.

>\Wind Resource Assessment Handbook, NUSERDA, 2010.
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and constructiorrelateddisruptions. The compensation can fluctuate widely
depending on the wind resource, the length of the optjmeriod, the desirability
of the land for wind development, and the income that may be lost from
alternativeuses.

0 Approved Uses: The lease should stipulate what uses the landowner reserves for
the land aroundhe monitoring equipment. For instance, the landowner may
reserve the right to continue to groarops or raise cattle.

o Crop Protection: Typat lease provisions require developers to use their best
efforts to minimizedamage, and to compensate landowners for any damage that
may occur. Mitigation measures be covered in the lease agreement may
include soil preservation dDE compactiono remedy theimpacts of project
related vehicle traffic.

o Liability& Insurance The agreement should contain provisions to protect
landowners from anyiability arising from accidents. The agreement should also
require that the developer carry general liabilly insurance policy.

All of the above mentioned requirements will be different according to the national
legislations, frameworks, environmental legislation, etc., so further enquiries are necessary.

Measurement Parameterand Monitoring
Instruments

In order to proceed to the monitoring station instrumentation required to collect the data, it
is important to introduce the basic wind parametekéeteorological instruments (sesors,
probes, or monitors) ardesigned to monitor specific environmental paneters. This
sectionof the toolkit gives the basic information for thgarameters formeasuring wind

speed, wind direction, and air temperatuaad the corresponding instruments to do it.

Wind Speedand Monitoring Instruments

Wind speed refers to thaverage speed over a given period, while wind gusts are a rapid
increase in strength of the wind relative to the wind speed at the tiWend speed is

affected by a number of factors and conditions, operating on varying scales (from micro to
macro scales)lhese comprisef the pressure gradient, Rossby waves and jet streams, and
local weather conditions. There are also links to be found between wind speed and wind
direction, notably with the pressure gradient and terrain conditidhiessure gradient is a
term to describe the difference in air pressure between two points in the atmosphere or on
the surface of the Earth. It is vital to wind speed, because the greater the difference in
pressure, the faster the wind flows (from the highlow pressure) to balance out the
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variation. The pressure gradient, when combined with the Coiiidfesctand friction, also
influences wind directiorRossby waves are strong winds in the upper troposphere. These
operate on a global scale and move froMest to East (hence being known as Westerlies).
The Rossby waves are themselves a different wind speed from what we experience in the
lower troposphere.

MultipleY ST 8 dzZNBYSy i KSAIKGa NBE SyO2dzNF ISR F2NJ R
characteristics, condtiing turbine performance simulations at several turbine hub heights,
and forbackup.Typical heightare 40m, 25m, and 10

0 40m: approximate hub heiglttf most utility-scale wind turbines. Actual hub heights
are usually in the 50m to 65m range.

o 25m:the minimum heightreached by the blade tip portion of a rotating turbine
rotor and will help define the wind regime encountered btypical turbine rotor
over its swept area.

o0 10m: This is the universally standard meteorological measurement height. However,
in locations where the interference of local vegetatianthis height isinavoidable,
an alternative lowevel height of 10m above the forest canopy mayuised.

For speed of wind measurement the basic sensors used for measuring wind speed are
anemometersMultiple anemometers and measuremeheights are strongly encouraged to

maximize dataecovery and to accurattl RSUSNNXAYS || aAiSQa 6AyR &
anemometer typesised for the measurement of horizontal wind speed.

o Cup anemometer the most populabecause of its low cost drgenerally good
accuracy, whera vertical shaft supports a cup assembly, used for rotafsee the
figure below) A cup faces the wind always, involving typical technique to develop an
aerodynamic structurevhich converts the wind pressure into rotational torque. The
cup rotates in proportion with the incoming wind speed over the specified range.
The most commonly used anemometegristating cup anemometer. The signal
generated by the rotating cups variesproportion with the wind speed. The signal
takes mechanical or electrical forms, and can be continuous or discrete. Continuous
signals can be used to find instantaneous wind speeds whereas discrete are used to
find mean of wind speed over a specific perof time'’ This type of anemometer
has a number of advantages: it does not require a power supplstrusture is
simple, and it remains relatively problefree.

'® wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.

o Intelligent Schemes for Wind Data AnalysBHAPTER IV Wind Data Measurement and Analyzis
University, 2016.
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Figure4 How a cup anemometer work¥

o Propeller Anemometer A propeller anemometer has a sensor with a streamlined
body and a vertical tail to detect wind direction and a sensor in the form of a
propeller to measure wind speed integrated into a single structure. It measures wind
direction and wind speed, and cardinate/record the instantaneous wind direction
and wind speed in remote locations. It also measures the average wind speed using
wind-passage contacts or by calculating the number of optical pulsesa cup
anemometer, a propeller anemometer generatasalectrical signal whose
frequency(or magnitude) is proportional to the wind speed. This type of
anemometer can recordlightly lower speeds than cup anemometers under
turbulent conditions*

Propeller Slip ring

Generator ' Vertical tail(wind vane)

Propeller stopper
(screw) Body
Selsyn motor

.LL T Axis of wind direction

/Sland
'J]__—D‘__._——/('uhlc connector

Figure5 How a propeller anemometer works.

Ball bearing

18 https://www.explainthatstuff.com/anemometers.html
¥Wind Resource Assessment Handbook, NUSERDA, 2010.
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0 Sonic anemometer Sonic anemometers operate by measuring the time taken for a
pulse of sound to travel between a pair of transducdise geometry can be set up
to measure wind in two or three dimensions. Because it has no rotational inertia, it is
more responsive to rad speed and direction fluctuations than cup or propeller
anemometersSonic anemometers provide fast and accurate measurements of three
dimensional wind speedsonic anemometers are able to operate in most conditions
experienced in the atmosphere, howeveeavy rain affects data quality from some
models as water droplets on the transducers significantly affect pulse times and if ice
builds up on the transducers measurements are similarly affected.

In No wind, or Cross wind, the
URrSSONK puise moves at the
Same speed in each direction

Vind
A

4

/’ Ultrasound
/ ransduces
/™

Figure 5 How sonic anemometer works.
For the rightchoice of anemometer you have to reflect on the followf:

0 Anticipated application- Not every anemometer is appropriate to every setting.
Environments thatmay cause teething troubles include icing, heavy rain, lightning,
sand and dust, extrem@mperatures, andaltwater intrusion. The most common
issue inthe NPAis icing, which can causmemometers and direction vanes to read
incorrectly or stop working altogether. Heatahiemometers are available from
most manufacturers, and it is recommegudithat at least one otwo be installed on
every mast where significant icing is expected to minimize data loss.

o Starting Threshold this is the minimum wind speed at which the anemometer
startsand sustains rotation. For wind resource assessment puasis more
important forthe anemometer to survive a &%s wind gust than to be reactive to
winds under 1m/sThus, choice of anemometer is important.

o Distance ConstaniThis is the distance the air travels past the anemometer during
the time it takesthe cups or propeller to reach 63% of the equilibrium speed after a

% wind Resource Assessment Handbedkundamentals for Conducting a SuccessfuhiMeing Program,
NREL, 1997.
Z\Nind Resource Assessment Handbook, NUSERDA, 2010.
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change in wingpeed. Longer distance constants are usually associated with heavier
anemometersjnertia cause them to take longer to slow down when the wind

decreases. Anemometergith larger distance constants may overestimate the wind
speed.This is because they tend tespond more quickly to a rise than to a drop in

speed. Sonic anemometers are not suscdptibl KA 38 -adBBRMIy I¢ STFFSOI
Anemometers commonly used for resource assessment have distamstants

ranging from 1.8m to 31@.

o0 Reliability and Maintenance A wind resource monitoring operation usually consist
of collecting wind data foone ortwo years To evade the requirement for repeated
and expensive substitutet)e useof anemometers adeptor surviving and holding
their calibration in the field for the periotequired is recommended. In some
environments, a mixture of sensor typésonic propeller, cup anemometer’
requiredto attain a balance between survivability, data recovery, and accuracy.

0 Redundant anemometersThe use of redundant anemometers at a given height is
suggested for decreasing the riskvahd speed data loss due #ofailed primary
sensor. Redundant sensors are positioned to not obstruct thighwindandthe
primary sensor measureét the beginning of the measurement program, the
measurements from the redundant sensor shobklcompared with the primary
sensor ima sideby-side field comparison of sequential recorded valugss test will
definethe variancein readings attributed to the instruments themselves. To
guaranteethat the collected sample sizeaslequateand demonstrativeof a broad
range of wind speeds, the teperiod should last at least one weeBenerally, it will
be less expensive to provide sensor redundancy than to conduct an unscheduled site
visit to replace or repair a failed sensor.

0 Sensor CalibrationThe tranger function (slope and offset) for cup and propeller
anemometerscan be either a default (or consensus) function previously established
by testing a large number gensors of the same model, or it can be one measured
specifically for the sensor that wasirchased. In the latter case, the sensor is said to
be calibrated A benefit ofusing calibrated is that there &bigger guarantee that
unaptsensors will be discovered before they are installed in the fiéfith
calibrated sensors it is possible totdemine the change in sensor response over the
course of the monitoring period by removing it at the end and testing it again.

0 Response to OfHorizontal Wind In fairly steep terrain, the wind often has a
substantialvertical element Turbine power curvesisehorizontal speed, theertical
elementneeds to beemoved from the measurement. The 3Dnic anemometers,
measure the horizontal and vertical wind componemmsependently. Propeller
anemometers are sensitive only to the horizortamponent, just like windurbines.
Some cup anemometers (3D anemometers) are sensitive teghecalelementand
thus can produce a deceptive evaluation of the horizontal spaegustments can
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be made for these anemometers if the vertical wind spead be measuredndthe
FYySY2YSGOUSNRa aSyaraaogaite G2 GKS AyOt Ayl aa

Wind Direction and monitoring instruments

To define the predominant wind direction(s), wind vanes should be fitted at all important
monitoring levels. Wind direction freggncydatais central for identifying favoured terrain
shapes and orientationsind for optimizing the layout of wind turbines within a wind farm.
Wind direction is usually reported in cardinal directions or in azimuth degrees. Wind
direction is measureth degrees clockwise from due north and so a wind coming from the
north has a wind direction of O degrees; one from the east is 90 degrees; one from the south
has a wind direction of 180 degrees. One from the west is 270 degre88 degrees. In
generalwind directions are sometimes expressed-B30 to 180, and sometimes 0 to 360.

A wind vane is used to measure wind directigfanes are classified into wind vane and aero
vane types. Wind vanes are used alone, while aero vanes are used with a propeller
anemometer and a wind direction plate, which looks like the vertical tail part of an airplane.

(a)

(c)

Figure 6 Different types of wind vanes.

The figure above show the different types of wind vamesvind direction transmitter is a

device used to convert the gfe of the wind direction axis into an electrical signal.

Equipment including a potentiometer, a selsyn motor and an encoder system is used for this
purpose.This electrical signal is conveyed via wire to a data logger and trartbeisine’'s
position toa known reference pointhe data logger delivers a known voltage across the

entire potentiometer component and measurdise voltage where the wiper arm contacts a
conductive element. Theatio between these two voltagegoverns the position of the wind
vare. This signal is interpreted by the data logger system, whichtbeestio (a known
multiplier) and the offset (a known correction for any misalignment to the standard

reference point) to calculate the actual wind directioBlectrically the hearpotentiometer
elementdoes/ 20 O2@OSNJ I FdzZf ocncd ¢KAaA a2LISyé¢ I NB
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When the wiper arm is in thigrea, the output signal is randa Therefore, thaleadband
area should not be aligned into or near theevailing wind diredon.*

When selecting a wind vane, you ought to use simailarselection criteria as for the
anemometer.Specific consideratiohas to be paido the size of the open deadband area of
the potentiometer; this should not exce&f. The resolution of the windane is also
important. Some divide a complete 360° rotation intoXI®2.5° segments. This resolution is
too coarse for optimizing the layout of a wind turbine array

To definethe wind direction with sufficient redundancy, it is suggested that wind sdre
mountedon at least two monitoring levels. Ideally, they should nofiked on the same
booms or everat the same heights as the anemometers as they conftedeattaining
correctspeed readings. It issualto fit the direction vanes one or two mete below the
anemometers’*

Air temperatureand monitoring instruments

Air temperature is aignificantfactorofawirR T NY Q& 2 LISNIUsually3d Sy gA NP
measured &her near ground level (2 tor), or near hub height. In most locations the

averagenear ground level air temperature will be within 1°C of the average at hub height. It

is also used tgalculate air density, a variabpegerequisiteto estimate the wind power

density and a wind turbine's poweutput.

An ambient air temperature sensoréemposed of three parts: the transducer, an interface
deviceand a radiation shield. The transducer holds a material (usually nickel or platinum)
demonstrating a knownelationship between resistance and temperature. Thermistors,
resistance thermatlietectors (RTDs), anndmperaturesensitive semiconductors are

common element types. The resistance value is measured bgatzelogger (or interface
device), which then calculates the air temperature based on the known relatior&mep.
temperature translucer is housed within a radiation shield to prevent it from being warmed
by sunlight.

Data loggers

All data loggers store data locally, and many can transfer thetdadaother location

through cellular telephone, radiofrequentglemetry, or satellitdink. Remote data transfer
allows the user t@cquire and inspect data without making regular site visits and to confirm
that the logger is operating propetlyhe data logger must be wedlited with thechosen

#Wind Resource Assessment Handbekindamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
#Wind Resource Assessment Handbook, NUSERDA, 2010.
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sensor types antle able to support the prefrred number of sensors, measurement
parameters, and sampling and recording intervals. It is prudent to mihnkogger in a
noncorrosive, watetight, lockable enclosure to protect ilt is recommended that the data
loggers areadeptto storedata valus in a consecutive format with corresponding time and
to have an orboard reaitime clock so that the time stamps will remain accurate even if the
loggerloses powerAlso itis crucial to havénternal data storage capacity of at least 40
days to havenon-volatile memory storage so that daisnot lost if power failand to offer
remote data collection optiondtis preferablefor data loggers to be able to operate in
anticipated environmental extremes angyerate on battery power (which may be
augmented by other sources such as a solar panel)

Data loggers can be grouped by their method of data transfer, eithBelth or remotdy.

o Manual Data Transfer This method call for site visite transfer data
A Step 1- Removeand replacehe currentstorage devicer transfer da directly to
a laptop computer
A Step 2- upload the data to a central computer in an office.

The advantage of the manual method is thagnicourages a visual esite inspection of the
equipment. Disadvantages include additad data handlingteps (thus increasing potential
data loss) and frequent site visits.

o Remote Data Transferrequires a telecommunications link between the data logger
and the central computer. Theommunications system may incorporate diragte
cabling, modems, phone lines, cellular ph@wiipment, radio frequency (RF),
telemetry equipment, satellitdbased telemetry, or for redundancy cambination of
these components A benefitfrom this method is that you can recover and examine
data more frequently, which allows for promptlentification ofsite problems.
Disadvantages include the cost and tineguired to puchase and install the
equipment. Alssome sites have poor cellulaoverage, and other
telecommunications options can be expensiida loggers with remote data transfer
via cellular communications are gaining attractiveness because ofsingidicityof use
andsensibleprice. The cellular signal strength and type (GSM or CDMA) at the site
should bedetermined in advance; this can blene with a portable phone. Where the
signal strength is weak, amtenna with higher gain can sometimes be successful
There are two basic remote data retrieval types®

% Wind Resource Assessment Handbookundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.

% \Wind Resource Assessment Handbook, NUSERDA, 2010.
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A Call outrequire the user to initiate theommunicationsat prescribed intervals.
This method necessitatdébe user to oversee the telecommunication operation.
Stepsinclude initiating the call to the #ield data logger, downloading the data,
verifying data transfer, andrasing the logger memory. Some aalit data logger
models arecompatible with computeibased terminabmulation software
packages with batch calling. Batch calling automates the data transfer process,
allowingthe user to download data from a number of monitoring sites at
prescribed intervals. Batch programs adsobe written to include data
authentication routines. The data logger manufacturer should be consulted to
define the compatibility of its equipment with this feature shgle personal
computer can communicate with a larger number of sites in the call amden
comparedto the phonehome mode.

A Phone home automatically calls the central computer to transfer data
prescribed intervalsSufficient time must be allocated for each call to account for a
normal data transfer time and sevemktra calldor failed transfer attemptsThe
newestgeneration of data loggers use the internet to send data out as attached
emalil files. This allows f@imultaneous data transfer from multiple sites. In
addition, the data can be downloaded to more than amenputer, providng
greater data security and convenience.

Data storage deviceare part of every electronic data logg&ome data loggers have a
fixed internal program that cannot be altered; others are uségractiveand can be
programmed for a specific task. Tpiogram, and the data buffer, are usuadiored in
volatile memory. Their drawback is that they need a continuous power source to retain
data.Data loggers that incorporate the use of internal backup batteries or usevalatile
memory areavailable. The are preferred because data cannot be lost due to low battery
voltage. Data processing and storage methods vary according to the data.ldbgetdata
values are stored in one of twaemory formats.

o Ring Memory In this format, data archiving is unceasitgt once the existing
memory isfilled to capacity, the newest data record is written over the oldéde
data set must be retrieved before the memory capacity of the storage device is
reached.

o Fill and Stop MemorylIn this formation, once the memoryfiled to capacity, no
further data are archived. This effectively stops the data logging process until more
memory becomes available. The device must be replaced or downloaded and erased
before the data logger can archive new data.

, GREBE o Fromeieiy -
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Storage Device Description Download Method/ Needs
Memory Card Independent memory chips in Read and erased onsite or
numerous formats (e.g., MMC, SD, replaced. Reading device ang

microSD, SDHC, memory Stick, USB { softwarerequired
drive) used in cameras and other
devices

Solid State Module | Integrated electronic device that Read and erased onsite or
directly interfaces with the data logger| replaced. Reading device anq
softwarerequired.

Data Card Programmable read write device that | Read and erased esite or
plugs into a special datagger socket. | replaced. Reading device ang
software required.

EEPROM Data Chip An integrated circuit chip incorporating EEPROM reading device and

an electrically erasable and software requred.
programmable read only memory
device.

Magnetic Media Familiar floppy disk anagnetic tape Software required to read
(i.e., cassettg data fronthe media.

Portable Computer | Laptop or notebook type computer. Special cabling, interface
device,and/or software may
be required.

The mosttcommondata storage optionare presented irthe table above.

Power sourcesre required to support data loggers. There are a variety of options:

0 Household batteries The newest generation of loggers employ {pawer
electronic components whosaperation can besustained by common household
batteries fa six months to a year.hE systems are normally dependabibeit if the
batteries failthen data will be lost. Furthermore, the power is rexdequate for
towers with heated sensors or other speqi@wer needs. To address these issues,
0 KS f Baledfi€s BB @ten augmented by another power source.

0 Lead acid battery + solar panefor more reliable longerm operation as well as for
meeting larger power needkeadacid batteries are a good cloe because they can
withstand repeated discharge and recharge cyalglout significantly affecting
their energy storage capacity, and they can hold a charge well inemoigeratures
It is also recommended that newer battery designs that encapstifegecid into a
gel or paste to prevent spills, called nepillor gel batteries, be usedhe solar
panel must be large enough to operate the monitoring system and keep the battery
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charged duringhe worst exected conditiongusually in winter). To avoimutages
that may cause data loss, itrscommended that the solar and storage system be
designed for at least seven days of autonomopsration (without recharging).

0 AC power(through a power transformer) should be used as the direct source of
system powepnly if a battery backup is available. In this case, you should use AC
power to trickle charge a storagmattery that provides power to the data logger. Be
sure to install asurge/spike suppression devicepootect the system from electrical
transients. In addition, ensure that both systems are properly tied¢oramon
earth ground

Towers and sensor supporting hardware

Towers- two basic tower types: tubular and latticea they can be tikup, telescoping, or
fixed. Apart from the selupporting lattice tower, all others use guy cables to stabilize the
tower. For most new sites, tubular, tllp towers are suggested because they are fairly easy
to install, they entail mimal ground preparation, and they are reasonably cheap. The main
exception is where tall towers (more than 60ngh) are required. Towers necessitate:

Established height adequate to accomplish the highest measurement level
Capable to endure wind and ideading extremes anticipated for the location
Physically steady to reduce wiridduced vibration

Guy wires safeguarded with the correct anclye, which must matcisoll
conditionsof the site.

Ftted out with lightning securityneasures including ligtming rod, cableand
grounding rod

Be protected against vandalism and unauthorized tower climbing

Have all groundevel components visibly marked to evade collision hazards
Be sheltered against corsmn from environmental effects.

Be protected from cdle or other grazing animals.

o O O O O

o O O O

Sensor Support Hardwareincludes the masts (verticaktensions) and mounting booms
(horizontal extensions). Both musituatethe sensor away from the support tower to
diminish anyeffect on the measured parameter causeythe tower and the mounting
hardware itself Sensor support hardware necessitates to be:

Capable oenduringwind and ice loading extremes expected for the location
Physically steady to reduce whmaduced vibration

Correctly oriented into prevailingvind and secured to the tower

Securedhgainst corro®n from environmental effects

Not block the sensor housing drainage hole. Water accumulation and expansion
duringfreezing conditions will likely damage the internal sensor components.
Tubular (hollowsensor masts should be used instead of solid stock material.

_ GREBE ¢ Yo B
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Groundbased remote remote sensing devices

As wind turbines becomiigherand the magnitude andomplexity of wind projects
increases, there is a need faind resource data from greater héits and in mordocations
across a project area. Growthsed remotesensing, which includes sodar (sonic detection
and rangingpand lidar (light detection and ranging), can help meet tfgsessity. These
instruments define the wind profile to height§ 150m or more above ground, well beyond
the reach oftilt-up towers. In settings where fixed masts aeessively costly or not
technically possible, theypay be the exclusiveosrce of wind measurementdlormally,

they are used in combination with fixedasts,which remain the standard for resource
assessment. Whildhe practice of depenitig on solelyon remotely sensed data iswusual

at present it is likely to become more common as tbast of the technology decreases, its
accuracy andeliability improve, and experience with it grows.

Abenefit of remote sensing is that the devicean be deployed and moved fairly easily, so
that the wind resource can be sampled at a number of locations within a project area, often
at less cost and in lesisne than with tall towers. In some cases, they can be deployed at
sites where it is impractical or prohibited erect towers. A typical period of measurement,
when the systems are paired with logrm meteorological towers, is from a few weeks to

a few months, or havever long is deemed adequate to obtairstatistically representative
sample of atmospheric conditions.

Both sodar and lidar measure the wind very differently from conventional anemonstry
they measure the wind speed within a volume of air rather thaa point.Alsothey record

a vector average speed rather than a scalar average speed. Remote sensirgsonits
behave differently from anemometers under precipitation, in turbulence, and where vertical
winds aresignificant; and their performance cam laffected by variations in temperature,
complex terrain, and othefiactors.

Sodar (sonic detection and ranging

Sodaris an instrument that measures wind speed and direction by using sound waiges.
able to measure wind speed by taking advantage of the Doppler shift phenomenon, which
refers to the apparent change in frequency of an acoustic signal that is perceived by a fixed
observer relative to the moving source. High frequency (typically 45p@ddzstic signals

are emitted from thesodarin three directions, one beam in the vertical and two orthoglona
beams tilted approximately dégrees from verticallThe aoustic waves are reflected off
moving, turbulent layers of air in the atmosphere theyetausing a portion of the signal to
return to thesodar The reflected signals are then measured by ¢bdarand an FFT (Fast
Fourier Transform) is performed amalysethe frequency content of the signal. The
Dopplershifted frequency is calculated arange of heights (up to 200m) in each direction
and the vector wind speed can then be calculatEde measurements are averaged over
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time at set intervals, generally every 30 minut&adameasuesthe change in frequency
of sound wavesand provides inbrmation about speed and direction of the winSlodarcan
measure wind speed as a function of height @cklatively easy to transport angsemble,
andthe technology is very appealing.

Up to 200 Meters

Up to 120 Meters:
100% of Swept Area

80 Meter Diameter Rotor
on 80 Meter Tower

R ==/ 60 Meters
< 20% of Swept Area ]

“Tall Tower”
60 Meter Tilt-Up Mast

4
i Triton e |

Figure7 How sodar works!

A typical sodar system is equippetth a series of speakers, which function as transmitters
and receiversan onboard computer containing the operating and data pgssing software
(including sekdiagnostics), @ower supply, and a combaa data-storage and
communications package. Sonadsrs are trailemountedfor ease of transport and may

be partially enclosed for security and protection from the elements.

The power supply should be plenty to sustain unceasing operafitimee sodar and
communicationsequipment. If the sodar is operadl off-grid, some means of maintaining
battery charge (diesel or ggenerator, solar panels, or wind generator) mustdogplied.
Sodar unitxonsume morgower than most monitoring towers.

Sodar systems can call for more complex elality screening ashanalysis procedures

than meteorological masts typically do. There are more parameters to check, differing
system responses tatmospheric events (e.g. precipitation), and extra analyses to perform
to attain precise resultd-urther analytical effort maglso be necessary in complex flow
conditions to achieve readings comparableattemometer readingslhus it issuggested

o https://www.umass.edu/windenergy/research/topics/tools/hardware/sodar
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that staff carrying out the analysis receive spet&hing or that an experienced consultant
be employed to carry out the data vadiion and preliminananalysis.

To prevent noise echoes that may harm data quality, sodars should be placed no closer to
obstacles, such ameteorological masts, trees, or buildings, than the height of the obstacle
Because the beeping or chirping adisturb people living nearby, the sadshould be sited

at least 3561 from homes, and at least 5@®from homes in open, flat terrain.

Lidar (Light detection and ranging)

Lidar operates by emitting a laser light signal (either as pulses or a continuouswiauk

is partiallyscattered back in the direction of the emitter by suspended aerosol particles. The
light scattered from thesgarticles is shifted in frequency, just as the sound frequency is
shifted for a sodar system. This frequerstyft is used talerive the radial wind speed along
the laser path. Multiple laser measurements are takepraiscribed angles to resolve the

3D wind velocity components. The operational characteristics, numbmeasurement

ranges, the depth of the observed layer, ange the shape of the measurement volume
varygreatly by lidar model type.

Two distinct types of lidar currently exist for wind resource assessment.

o Profiling lidarsmeasure the windilong one dimension, usually vertically, similar to
measurements takefrom a tower or sodar. These lidasgpically measure wind
speeds up to 200m above the device.

o Threedimensional scanning lidarsave thecapacity to direct the laser about two
axes, which allows the device to measure wind speed at nearlharglg withina
hemispherical volume. This technology is designed to obtain a-thiraensional
grid ofwind speeds over a large area, with some units having a range of several
kilometres While the scannintidars have the potential for significant advancement
in windresource assessment, this document will foonsthe more extensively
tested profiling units.

A typical profiling lidar system is equipped with one or more laser emitters and receivers, an
on-boardcomputer encompassing the operating and data processaityvare (including
self-diagnostics), environmentabntrols (generally, active heating and cooling), and a
combired data storage and communicatiopackageWhile most lidars come equipped to
accept AC grid power and hawe-boardbattery backup incaseof a grid outage, a remote
power supply must be acquired or custdmilt for autonomous operatiomaway from the
grid. Like sodar profilers, lidar units can be trafteounted for transport and may be
partially enclosed for security or environmengabtection; most, howeverare sold by the
manufacturer astandalone unitsLidars designed for wind energy applications came on
the scene after@dars and are considerably more expensiwat nonetheless, their
popularity is growing
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Doppler effect

A"

Figure 8 Lidar vSodara, how they work.

Measurement system accuracy and realiabiltiy

al ydzFF O0dzZNENAR dzaS OF NR2dza RSFAYAGAZYA FYR YS
reliability. Thissection provides the basic information needed to select the proper
equipment

Accuracy determined by the least accurate component of a system and is subjective by its
complexity, the total number of components or links. The measurement of wind speed, for
example, requires that several components (sensor, cabling, and data Jpggeh

potentially contributing to a possible inaccuracy of the measured parameter. The
combination of these errors will define the system error for that parameter. Errors
contributed by the physicalubsystem (sensors) represent the main concern, becthose
associated with the electronic subsystédata logger, signal conditioner, and associated
wiring and connectors) are typically negligible (less thdfo) System error is inaccuracy
between the measurement reported and the accepted standard (a tralue). Accuracy is
typically expressed in three ways:

0 As a difference (Measured Value Accepted Standard Value)

o A difference stated as a percentagethe accepted standard valuimlculated ag
[(Measuredvalue accepted standard value/accepted standard value)] *100

0 An agreement ratio stated as a percentage of the accepted standard value
calculated as (measured valuaccepted standard valy&L00

Reliability - the measure of a system's ability to constigrnprovide valid data for a

parameter over its measurementrangghS 6 Said AYRAOFGA2Yy 2F | LINR
performance historyComprehensive quality assurance prduees and redundant sensors
areimportant ways to maintain high system reliaty.

GREBE e Y -
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Installation of monitoring stations

As soon as the site selection process is completed, the necessary equipment acapuired,
all required permits have been obtained the installation phase of the monitoring
programme can commence

Equipnent

Equipment Procurement

The first step in the process is to procure the equipment thiditbe needed to meet the
objectives of the wind monitoringrogram, as defined in the measurement plan. This
practiceoften includescompromisesbetween cost, conveniare, andperformance. At this
initial phaseof project developmentbudgets can beonstricted leading to a desire tout
backon equipment procurementCost is always wtal concern but if a monitoring program
is plannedwith cost as a utmostimportanc it may beunproductive

Matters specific to the wind monitoring program that should be incorporated in the
equipment procurement process afé:

(0]
(0]

o O O O

o

Equipment and sensor specification list

Sensor types and quantities, including spatlke required mountingpooms, cabls,
and hardware for each sensor.

Tower type and height

Measurement parameters and heights

Sampling and recording intervals

Data logger processing requirements: hourly average and startdasidtion, plus
daily maximum and minimum valudRequirements and number and types of data
channels required (which may affect the choice of logger maddimanufacturer).
Sensor calibration documentation

Environmental consideration of the anticipated conditidosthe sites should be
investigated to esure that the specified equipment will perforraliably throughout
the year

Data logger type: manual or telecommunication

PNRAOS jdz2iSa TFT2NJ SljdzAa LJYSyd LI Q1F3sSa YSSiA:

8 Wind Resource AssessmeHandbook- Fundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
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Soil type for proper anchor selection
Warranty information

Product support.

Date of delivery.

o O O O

Equipment receipt testin’

Toswiftly determine and resolve problems, you should guarantee that all system
components are comprehensivedgrutinised and tested before they are fitted. Document
your inspection findings,ral return moduleghat do not meet specifications to the
manufacturer for replacementlo save time on installationiga good idea to assemble the
components you can thouse, as this will save time and can be very helpful if extreme
weather is a factar

Field preparatiori®

Field preparation procedures include:

o Allocate site designation numbers
o Enter all relevant site and sensor information on a Site Information Log (If required,
program the data logger with the site and sensor information (slopesofiisdts)
oLyadlrftf GKS RFGIF f233SNRa RIEGEF YFylF3asSySyl
enter therequired information
o Enter accurate date and time into the data logger
o LYaSNI RFEGEFE f233SNRa RFEGE &G2N)F3S OF NR 2N
o To save valuableld installation time, assemble as many componentionse as
possible. Foexample, sensors can be pngred and mounted on their booms.
o Properly package all equipment for safe transport to the field
o Pack all proper tools needed in the field
0 Include at least one spare of each component, when pracfited.number of spares
is contingent onthe amount of wear the equipment is anticipated to undergo, as
well as the projected lead time et a replacement. The cost of the spare
equipment shoulde weighed against the time aredfort to quickly find a
replacement should the need arise.

Tower Irstallation

Identification of thetrue north is crucial for interpreting direction data, and is also valuable
during thetower layout and installation-reqiently, directional errors arisas a result of
confusion between magnetic and true north. Magnetic nortivisat a magnetic compass

2 bid 27
*|bid 27
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reads; true north is the direction along the locakliof longitude to the North Pole
Fatunately, these days, most GR&®eivers can indicate true north, hence removing the
need to consider magnetic north at all.

People on site for the installation may include:

0 The mast installation teamshould consist of at least one experienced installer. The
quality of the datacollected will largely depend on the quality of the installation. The
team should consist of at least twaeople, with one assigned a supervisory role. This
will allow for a heightened degree of efficiency asafety.

o0 TKS LISNE2YyYy St NIB idelRcyion maynd alvilaygs i@ invélved iritheld S Q &
installationprocess. If this is the case, it is important that the installation team
leader obtain all pertinent sitenformation, including the latitude and longitude
(verifiable with a GPS receiver), local metic declination, prevailing wind direction,
and road maps, as well as topographic maps and site photogtaphshow the
exact tower location.

o Abackhoe operatar

o0 An instrument and system installer, usually a consultant wind engineer or electronics
technician

o The landowner

o Thedeveloper

New tilt-up towers

The tower should be laid out based on safetynsiderations and ease of installation. Towers
can be erecte@lmost anywhere, but the task is much easier if the terramelatively flat

and free oftrees. If the tower is erected on a slopewreven ground, the guy wires may
need to be adjusted often as thewer is raised. If the tower is erected in a wooded area,
enough clearance must exist for the guy wirestestower is raised. For exampleg@m

tilt-up tower is guyd infourRA NSOl A2y a FTNRBY GKS (2ah@®nBma o 4$S
each corner is 50m from the base and fiear anchor points form a square roughly 71m on
a side. When the tower is lying flat,gktends about 10meters, whighroduces a kite

shaped footprint, with two sides of 71m and two sidesbfeast 80mThe guy anchors
should be located at each of the four cardinal directions and the tower raketd) one of
these directions, preferably as near to the prevailing wdiréction as possible.

Thefigure belowdemonstrates the footprint of a tittup tower. In this example, the

prevailing wind directionib 8 A dzYSR (2 06S FTNRY (KS a2dziKgSaid
anchor points. The orange dashes represent thewjings aghe tower is being raised, and

the black lines indicate the path of the guy wires when the tower is éuélgted.
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Figure9 The footprint of a tiltup tower 8

It is suggested that the guy anchatsould besituated at four of the eight primary

directions (N, NE, E, SESSY, W, NW) with respect to true north, and that one of these
directions be aligned as closely as possible with the prevailing wind direction. The
advantages of thiapproach are thait is easy to verify the orientations of the sensor booms
by taking a bearing from thgrone mast, and raising the tower into (or lowering it away
from) the prevailing wind directianThisoffers acomfortabledegree ofsteadinessy
upholdingthe lifting guy wires in constant tension.

Anchoring system

The choice of anchoring systenvital as Tilt-up towers are secured and controlled with
them andalso control theensionon the guy wires at all times. Anchors should be carefully
selected and installetb ensure stability.

*wind Resource Assessment Handbook, NUSERDA, 2010.
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o0 Anchor selection choice of anchoring systeimm contingenton the soill
characteristics atach site. This should habeen determined during thaitial site
investigation. Note that the loadarrying capacitpf the soil can varyror example,
saturated soil from a winter thaw may have a much reduced carigapgcity A
mismatch between the anchor type and soil conditions could cause the anchor to fail
andtower to collapse Thetable below offers guidelines foselecting and instiing
an anchorsystem. Consult with the tower manufacturer if you require additional

guidance.

Soil Type and Recommended Anchoring System
Soil Type Anchor Type Installation Method
Loose to firmsand, Screwin Screwin with crowbar

gravel, or clay

Soil with rocks Arrowhead Sledge or jackammer

SolidRock Pin / RoclAnchors Drill hole and secure with
epoxy/expand with
crowbar

Figure™

o Anchor Installation- the installation of each guy anchor and lifting station anchor
AaK2dzf R F2ftft2¢ (GKS YIydzFlI OGdzZNENRA Ay adNUzOid
special attention. Normally a winch and pulley system is connected to this anchor to
service a tower. During tower lifting and lowering, this anchor will carry all of the
tower load and is thus under great stress. The greatest loads occur when the tower is
just raised above the groundSince the magnitude of this force is well known, the
behaviour of the selected anchors in the site soil conditions can be evaluated. If the
anchors do not seemsufficient for the soil conditions, alternative anchoring should
be identified and implemented prior to towenstallation.If the holding capacity of
this anchoring system is insufficient, taachor will creep and the tower will fakor
this reason, the lifting anchor station should secured with at least twice as many
anchors as used at the guy anchor stations. Asdtled precaution, secure these
anchors to a vehicle bumper.
o0 Guy Wires-it has to beguarantee that all guy wire tesion alterationsare
coordinated asunder proper tension the guy wires keep the tower system in
equilibriumand thus vertical. This is essential to properly align thedvwspeed and
directionsensor® wWSFSNJ (12 GKS YI ydzZFIl OddzNBNRa Ayadl

¥ Wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
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recommendations.lt is desirable to visibly mark with a reflective material at each
anchor station to alert pedestrians or vehicle operators. If animals graze at the site, a
fence may be necasary to protect the guy stations and tower.

40 Top Nde XL Wind Turhine
Guy Set, 30 N, Level
o™ Tower Tube
r - Guy Set, 8011, Lowel
Guy Set, 401 Lovel
da
Guy Set, IO R Level
- Uftng Gy -‘Wires
Guy Wwes Wi s pad o
s Base Tube TR
|
Base Plate ~
"
Base Tube

Tower Tube Ginpole Top Tube
[with teeter brackets)

Matieatle Clips . |
i Screwdn Anchor | 28 m (84 ft.) Tower |

Tilt Tower Major Components

FigurelO Tilt tower major components>

As shown in the figurabove the tower is guyed in four direction3.he tower is guyed at
vertical intervals of approximately meters as the tower height is 25Mhemonitoring

tower is best installed on level ground, but can be installed on slopes or uneven terrain
provided that the base and the anchors on the-éikis can be kept fairly levelfter

assembly of the tower, wind turbine, and tower wiring on the groutie tower and turbine

are tilted-up to the vertical position usingwinch (optional) or a vehicl& winch is

preferred because of the greater control they afford. The towers are provided with a lever
arm, called a ghpole, which runs from the basewards one of the guy anchors. The-gin

% http://www.survivalunlimited.com/towers/xl1tower.htm
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pole converts the pulling force on the puip rope or cable into a lifting force on the turbine
and tower.

New Lattice Towers

New lattice towers are usually employed when a tall tower (above 60m) is required. There
are two basitypes of lattice towers: guyed and sslfipporting. Both versions are usually
made of fixedlength sections connected end to end. The sections may be assembled with
the tower lying flat on the ground, and thegmcked up as a unit and put place with a

crane, or they may be stacked in place using a winch and jibsgstem Both require a

solid base, usually on a concrete foundation.

o0 Guyed tower- cables are attached at several heights and in at least three directions
to stabilize thestructure. The guyed tower requires anchor stations located
FLILWNREAYI GSt e ym: 2F ( KiespiezhgiQagerdootgribtA I K G F
guyed towers are more widely deployed for onsite monitoriingn selfsupporting
towers because they are liggr and consequently less expensive.
0 Self¢ supporting tower- broadens near the base g&upport the structure above it.
The selsupporting type usually has three legs watlsolid boting, such as a
concrete pieunder each; typically each side of itofprint is only 10% of the
026SNDRa KSAIKGOD

The figure below shows the thee different types of towers that can be used in wind
monitoring campaign.

1) Freestanding 3) Tilt-up
a) Lattice a) Guyed tubular
b) Monopole b) Guyed lattice
2) Fixed Guyed
a) Lattice

b) Tubular (typically homebuilt)

b) Fixed, guyed | <l Tikup

a) Freestanding

\": -

3 Wind Resource Assessment Handbook, NUSERDA, 2010.
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Figurell Freestanding, fixed guyed and-til tower.%®

Sensor and guipment indallation

Wind sensorsnust be fixed onto the tower with support hardware in a way that diminishes
any effect on the measured parameter caused by the tower, mounting hardware, and other
equipmentand sensors. This can be realized by failhg to the subsequent guidelines and
referringto specificY I y dzF I OG dzZNENBRQ Ay adNHzOGA2yaod

Wind Speed and Direction Senséty

The number of senseis subject to the height of the tower. For a 50m or 60m tower, three
anemometer heights are normally useahd taller towers may have four, whislemmonly
vanes are deployed &vo heights. The following general guidelines govern the selection of
anemometer heights and armgpplicable to most towers:

o The total number of sensor levels is contingent on the overall height of the tower.
One of the heightshould be as close as possible to the anticipatetine hub
height. Mount the upperlevel sensors at least 0.3m above the tower top to
minimizepotential tower shading effects

o0 The heights should be as widely separated as possible to reduce uncenteshiyar
Heightratio of at least 1:6 between the top and bottonranemometers isuggested

A The topmost anemometers, if mounted on horizontal booms, should be at
least 10 tower diameterbelow the top of the tower to avoid effects of flow
over the top(known as 3D flow effects).

A Thebottom anemometers should be mounted adequately high above ground
to evade unduenfluence by trees, buildings, and other features, and to
measure the wind near the bottom of thtarbine rotor plane.

o Orient sensors mountedfbthe tower side into the prevailing wind direction, or, if
there is more than one prevailing direction, in a direction that minimizes the
probability oftower and sensor shadow effects

0 Sensor drainage holes must not be blocked by the vertical mountirgware to
preventinternal freezing damage during cold weather. Tubing, not solid stock masts,
should beused.

o The wind vane must be oriented so its deadband position is not directed towards the
prevailing wind. The deadband should be positioned at 1888taway from the
prevailing wind direction, preferably in a principle direction. The deadband
orientation must be known and documented for the data logger or analysis software

* https:/Inewgreenbusinessideas.blogspot.com/search/label/Freestanding%20Towers

%Wwind Resource Assessment Handbook, NUSERDA, 2010.

¥ Wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
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to report theO 2 NNB O (i
requirements for reportinghe deadband position.

GAYR RANBOUOUAZ2Y D

[ 2yadzZ & GKS

Confirm the deadband position of the wind vane once the tower is raised. If it has

beenaligned with the mounting boom arm, verification can be accomplished with a

sightingcompass to a high degree of accurac

At projects with multiple monitoring stations (met towers or remote sensing), it is

useful to matchthe monitoring heights between the stations to the greatest extent

possible to facilitate comparisonetween the stations.

The figure below shows a satepnstallation configuration.
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Figurel2 Sample installation Conﬁguratiofﬁ8

Temperature sensor

A protected temperature sensor should be fixed on a horizontal boom at least one tower

diameter fromthe tower face toreducell KS (26 SNDa Ay ¥t dzSyOoS 2y | A
sensor should be well exposedttee prevailing winds to ensurgufficientventilation at

most times.If possible, fix thesensors on the northern side of the tower to lirhieating

from direct solar gain andecreasdi KS STFSO0 2F GKSNXIFf NI RAIFGA

Data logger and associated hardware

Data loggers should be housed along with their cabling connections, telecommunications
equipment, andther sensitive components in a weathersistantand secure enclosure
Desiccant packs should be placed in émelosure to absorb moisture, and all openings,
such as knochkuts, shaild be sealed to prevent damad@m precipitation, insects, and
rodents.It is important that all chling that enters theequipmentenclosure have drip loops
to prevent rainwater from flowing down the cable to terminal strip connectianisere
moisture can cause corrosioMount the enclosure atmadequate tower height to abiw

for above average snow dep#nd to discourageandalism If related, locag the solar

panel above the enckure to avoid shading, orientesbuth and near vertical to minimize

dirt build-up and maximize power during tieA y i S NI & VEhgre appliyabld, fied £ S @
cellularcommunication antenna shoulge attached at an accessible height, usually right
above the data logger enclosure.

Sensor connecting and cabling

WSTFSNI 2 GKS YIydzZFl OGdzNBENR&a AyailiNdHzOGA2ya F2N
configurations Seal sensor terminal connections wgiticone caulkingrad protect from

direct exposure wh rubber boots Wrap sensor cabling along the length of the tower and

secure it with UV resiant wireties or electrical tapglf not installed by the manufacturer,

consider installing MetaOxide Vastors (MOVs) acrosach anemometer and wind vane

terminal for added electrical transient protectiowWhere chafing can happen between the

sensor wires and suppat(such as tdup tower anchorcollars), the wires should be

sheltered and safeguarded aptly

Grounding and lightning protection

Most tower and data logger manufacturers provide grounding kits. Nevertheless, different
monitoring areas may have different requiremeniEsamine the incidence of lightning
FOUADAGE AWy Forkigh frguency@as, take2tt@ lcdnformist tactic and

® Wind ResourceAssessment HandbookFundamentals for Conducting a Successful Monitoring Program,
NREL, 1997.
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increase the grounding system capabilitidgditional protective equipment can often be
purchased from the data loggenanufacturer or supplemented with common materials
found at a hardware store

Site commisioning

All equipment should be tested to be sure it is operating before a tower is raiseédns
should be rpeated once the installation isomplete Having spare equipment on hand
makes repairs easypfroblems are found during thedanctionaltests.Recommended
actions:

o Confirm that all sensors are reporting reasonable values.

o Validate that all system power sources are operating.

o Test required data logger programming inputs, including site number, date, time,
sensor slopand offset values, andeadband orientations.

o Proof the data retrieval process. For cellular phone systems, perform a successful
data downloadwith the home base computer, and compare transmitted values to
on-site readings.

o Ensure that the data logger is in the proper leegn power mode.

0 Upon leaving the site, the crew should secure the equptrenclosure with a
padlock

o Document the departure time and all other pertinent observations.

Documentation

Acomprehensive and thorough record of all site characteristics, as wedtadogger,
sensor, andgupport hardware information, should be preserniada Site Information Log
(see the next page for an exampl&he following main topics should be includ®d:

o Site Descriptioninclude a unique site designation number, a copg &fSGS map
showingthe location and elevation of the site, latitude and longitude, installation
date, and commission time. The coordinates of the site should be determined or
confirmed using a GR8ceiver during the site selection or installation process.
Normally, coordinates should lexpressed to an accuracy of less than 0.1 minute (at
least 100m) in latitude and longitudend at least 10m in elevation. This should
remove errors caused by accidentally marksitgs in the wrong place on a map and
recordng incorrect coordinates taken from the map

¥ Wind Resource Assessment Handbedkundamentals for Conducting a SuccesMohitoring Program,
NREL
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o Site Equipment List: For all equipment (data logger, sensors, and support hardware),
document the manufacturer, model, and serial numbers as well as the mounting
height anddirectional orientation (including déction of deadbands, cellular
antenna, and solar panelpensor information should include slope and offset values
and data logger terminal numbeonnections.

o0 Telecommunication informatiarpertinent cellular phone or satellite link
programminginformation should be documented.

o Contact Information: relevant landowner and cellular/satellite phone company
contactinformation should be listed.

SAMPLE SITE INFORAATION LOG
(Cellular Site)

Form Revision Date:

Site Description
Site Designation
Location
Elevation
Installation /Commission Date
Commission Time
Soil Type
Surroundings Description
Prevailing Wind Direction
Declination
Site Equipment List
Equipment Mounting Serial Sensor | Sensor Logger Boom
Description Height Number | Slope Offset Terminal - Direction
Number (Vane Deadband)
Telecommunication Information Contact Information
ESN # Land Owner Name
Carrier ® Address
Phone Number
SYSID
LOCAL ® Phone Number
MINMARE Cellular Company
IPCH ® Phone Number
ACCOLC * Contact Person
PRESYS * Contact’s Extension
GROUP
Activation Date

, GREBE o Fromeieiy -
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Site operation and maintanance

During the course of a wind resource assessment project, the integrity yfsaééim
componentsmust be sustained angkcordedto guarantee smooth and constant data
collection. Meteorologicaihstruments, for example, require periodic calibration,
precautionarymaintenance, and oite visuainspections if the datésto be correctand
comprehensiveThere is a need to enact aperationand maintenance plan thantegrates
numerousquality contrd and quality assurance measures, which will be the starting point
for procedural guidelines for all program personnel. Personnel mustét@odicallytaught

in all aspects of the opation and maintenance program, includiagvorkingknowledge of
all monitoring system equipment.

Therealisationof any operation and maintenance prograslies on the plan and on the
employeesallocatedto carry out thesettasks.They will be the eyes of the wind resource
network and responsible fatocumenting and expiaing any periods of lost data; thus they
need tobe observant andhave good problensolving abilitiesThere should be bbt
scheduled andinscheduled site visits, procedurehiecklists and logs, calibration checks,
and a spare parts inventory. Guidelines to develop such a prograrprovided in this
section?*

Site visits

It is suggested that site visits be conducted accordingregalarschedule. The regularity of
scheduled visits depends part on the data recovery method. If the dasxetrieved
remotely and screened every week or every other week, tiensite may have to be

visited no more often than once evesgveral months fovisual inspection and routine
maintenance.If data retrieval is manual, site visishould be conducted at least-bieekly.
Ste visits should be planneakccording to the capacity tiie storage devicare promptly
detected through visual inspection or dascreeningThe appropriate frequency is
recommended to meet the 90% datacovery objectiveUnschedulednight be needed if
there is asensomalfunction found during routine data screening, or it may be feared that

% wind Resource Assessment Handbedkundamentals folConducting a Successful Monitoring Program,
NREL1997

*! Wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997
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the tower or its equipmentvas damagedh a storm or under severe icing conditions. To
minimize potential data loss, such visstsould be carried out as soon as possible after a
problem is suspected. Both the program budget and staffilags should anticipate at least

one unscheduled sitesit each xeal".2

Operation and mainénance

The operation and maintenang#an should be documented in &iteOperation and
Maintenance GuidebooK he objective is to deliver systematic asidar processes for
scheduled and unscheduled operation amdintenance needtor field personnel. The
preferred version of the guidebook, istep-by-step agproach in conjunction with task
completion checklists and site vifiigs Components that need to be in included in the
guidebook:

Project description andbperation and maintenance valuesdefine the project and its
2P0SNIff 202SO0GAQGSad ¢KS aAayAFAOLIYyOS 2F GKS
through upholding data quality and inclusiveness should be emphasised.

System elements accountghe fundamentals of all system components should be detailed

carefully in order to guarantee correct installatiand to perform system checks and

operation and maintenance procedures. A brief description of all instruments

(anemometers, wind vanes, temperatiprobes, data logger, etc.) and how they work

aK2dzft R 06S LINPZGARSRXE AyOfdzZRAYy3a (GK2NRBdzZAK St SYS
manuals.

Routine instrument care quideline®- they should be provided for all instruments that

require routine maintenance.dgne anemometer models require periodic bearing
replacement. If sensors are replaced, all pertinent information, including serial numbers and
calibration values, should be recorded.

0 Anchor Condition
A Check for signs of rust or damage.
A Evaluate movement ohie anchors over time
A Validate the integrity of the anchor connections; for example, the anchor
resistance may havehanged if an animal has burrowed near the connection
point.
0 Guy Wire Condition
A Check that the guy wires are properly tensioned in accotdamith the
YI ydzF I OG dZNBEND& 3IdzZA RSt Ay Sao
A Tension the guy wires if necessary.

“2\Wind Resource Assessment Handbook, NUSERDA, 2010
Wind Resource Assessment HandbdeWSERDA, 2010
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A
A

Inspect the wires and connection points for signs of rust or corrosion.
Ensurethe appropriate number of wire clips were used to secthe wires,
and that the clipsare in good ondition.

o Tower Condition

A
A
A

A

Check for signs of rust or damage.

Confirm that the tower is plumb and straight.

For tubular towers, examine the tower for signs of gkdfingat the connection
points betweentower sections.

Examine the baseplate or foundatiom guarantee that it is not sinkghor
distorted, and idree from damage.

o Grounding System:

A

Verify that the grounding system is connected properly andefeetrical
contacts are in goodondition.

0 Sensors:

A
A
A

A

A

Examine the booms and stubmasts to evaluatdrtieendition and levelness.
Authorize that the sensors are at the expected monitoring heights and
orientations.

Change any sensors that have shown sigriailire through data analysis
Wind vanes and anemometers should be replaced on a regular bgsistas a
precautionary maintenance plan. A replacement schedule that minimizes
discontinuities isuggested.

Some anemometer types require periodic refurbishmenttsas ball bearing
replacementandrecalibration.

o Data Acquisition System

A

>\

A

Examineghe logger and the enclosure for signs of corrosion, damage, moisture,
or the presence ofodents/insects.

Check wiring panel on a regular basiatmidlosing connection to the sensors.
Check battery voltage and replace batteries as necessary.

Batteriesare most often charged by a solar PV system (5 to 50W). The PV
system maintenancencludes cleaning and realigning solar panels and sensors.
The panels and wiring/electricabnnections should be checked for cracks and
water resistance.

Refuel and test th diesel generator, if one is used.

Site Visit Procedures

o0 In-house preparation

A
A

Establish the object for the inspection and the precise requirements.
Guarantee that fieldtaff have a complete set of tools, supplies, equipment
manuals, and spare parts tomplete all tasks. Thehecklistspecifyinghe
required toolsand suppliesvill be handy This list should include all equipment
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necessary to download the site data, sucHaop computers with associated
cables and special hardware.

A Implement anin-house functionality test on each memory card before field
installation. This is especially important when swapping memory cards is your
primary method of data retrieval.

A Define the number of people necessary for the site visit. For safety, tower
climbing requires twar more people.

A Have fieldstaff notify management of where they plan to be and when they
expect to return.

o On site procedure¥ *°

A Retrieving the raw data from the data logger upon arrival and before
conducting anyther work Thisis essentialas it willdiminish the risk of
potential data loss fronoperator error, static discharges, or electrical surges
during handling or checking efstem components.

A No matter the purpose of the visit, each visitould include a comprehensive
visud inspection (with binoculars afigital camera), as well as testing when
appropriate, to identify damaged or faulty component$e inspection should
include: data logger £nsors communication systemgounding systemwiring
and connectionspower suppy, sipport booms tower components (for guyed
tower systems this includes anchors, guy wire tension,taner vertical
orientation).

A Develop general guidelines before the first site visitscheduled component
replacementbatteries calibration, androubleshooting.

A The instantaneous data logger readings should be scanned to validate that all
measured values anmealistic

A The Site Visit Checklist should be filled out to guarantee that all operation and
maintenance taskhave been concluded and thesential information
documented.

o0 Site departure procedures

A The data retrieval process should be confirmed before leaving a site. This
involves completing a successful data transfer with the hdrasedcomputer
(for remote systems) or #ield laptop compuer (for manual systems). This
simple but valuable test will ensure the system is operating properly and the
remote communication system (antenna direction and phone connections) was
not by acciderully altered.

> wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,
NREL, 1997
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A Ensure the data logger has been returnedhe proper longterm system
power mode becausthis mayreduce battery life and may cause data loss.

A Always secure the data logger enclosure with a good quality padlock.

A Record the departure time and verify that all work performed and observations
madehave beerrecorded on the Site Visit Checklist.

Data collection and management

The chief objective of the data collection am@&nagemenprocess is to make the
meteorological measurementccessible for investigation while guarding them from
tamperingand loss The data collection and handlimgust include proceduréhat deliversa

high level of data protection. In general, the procedures should comply with those specified
by the data logger manufacturer and reflect good common sense

Raw data stoage

Raw data are datthat hasnot been exposed to a substantiation or certification procass
typically stored by the data logger in binary form@ata storage typem the table below.

Storage Device Description Download Method/ Needs
Memory Card Independent memory chips in Read and erased onsite or
numerous formats (e.g., MMC, SD, replaced. Reading device ang

microSD, SDHC, memory Stick, USB { softwarerequired
drive) used in cameras and other
devices

Solid State Module | Integrated electrorg device that Read and erased onsite or
directly interfaces with the data logger| replaced. Reading device ang
softwarerequired.

Data Card Programmable read write device that | Read and erased esite or
plugs into a special data logger socket replaced. Reading device ang
software required.

EEPROM Data Chip An integrated circuit chip incorporating EEPROM reading device and
an electrically erasable and software required.
programmable read only memory
device.

", GREBE () ey -
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MagneticMedia Familiar floppy disk anagnetic tape Software requiredeading
(i.e., cassetty data fromthe media.

Portable Computer | Laptop or notebook type computer. Special cabling, interface
device,and/or software may
be required.

Data storage capacitﬁ‘ﬁ

The minimum mandatory storage capability of the loggezontingenton the data retrieval
interval (typically oncevery one or two weeks); the datveraging interval (typically 10
minutes); the number of sensors beingnitored (typically &o-12 ona 60m tower); and
the number of parameters calculated and stored by kbgger. The capacity of the data
storage devices normally used todayaisleast16MB, with allowance for bigger capacity if
data-averaging intervals shorter. Anotherreason for biggr storage capacitynay be if the
tower is likely to be inecessible for months at a tintfeecause oextreme and harsh
weather. Then, if the telecommunications uplink fails, the logger may be called sipte
data for up to several monthsdanufacturersusually provide tables or methods to calculate
the approximate available storage capacitydays) for various memory configurations.
Capacity estimates should also allow for delays in retrievingléte.

DataRetrieval

The selection of a data transfand managemenprocess (manual or remote) and the data
logger model dependn the necessities of the monitoring program. The following points
should be considered:

Personnel availability

Travel time to site

Yearround site accessibility
Availability ofcellular phone service
Equipment cost

Types of sensors

Conplexity of initial configuration
Onsite power needs

Ease of use

Support systems required (computers, modems, analysispresentation software,
etc.)

O O O O 0o oo o o o

“8Wind Resource Assessment Handbook, NUSERDA, 2010
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Data retrieval frequency

Anagenda of consist# site data transfers, or denloads, should be established and
sustained. The maximum recommended manual download intervahigekly. For remote
datatransfer systems, a weekly retrieval rate may suffice but a shorter interval, such as two
day, may beequired to successfully transfer the large datasets associated witmiente

data averaging

Data security and storage

The followingcomponents and procedures are highlighted to offefdance on minimizing
the risk of data loss or alternation duritige measurement program.

o Data logger to guaranteedata are protected while stored in the data logger, proper
installation procedures should bellowed, including grounding all equipment and
using spark gaps.

o Electronic Data Collection Subsystemsidefrom the data logger programming
requirements, the actual data collection process requiresimal technician input.

o Computer Hardwarefield data will ultimately be transmitted to a personal
computer for analysis. This will be themary location of tle working database, but
should not be the storage area for the archived datab&dectrical surges and static
discharges may damage hard drives and floppy disks. FolloW thg” dzF I O (i dzZNJS NI &
instructions and recommendations for all electrical connectidiake ue of
external hard drives to back up your data.

o Data Handling Proceduresnadequate data handling procedures may represiet
highest risk for data loss, sastimperativeall employeesare fully trained and
understand the following:

A Data retrieval software and computer operating system (be aware of all
instances irwhich data can be accidentally oweritten or erased)
A Good handling practices for all data storage media. Data cards and hard disk
drives should berotected from static chargenagnetic fields, and
temperature extremes.
A Computer operations and safety practices, including grounding requirements.
To reduce the risk of data loss, maintain multiple copies of the database, or backups,
and storeeach copy in a separate location (nothe same building)Online backup
services hve recently become popular arde especially secure as well as
convenient for frequent backup®Vith remote data transfers via-mail, another,
very effective datgorotection strategy is to set up baekp emal accounts. The-e
mailed files go to different computers in different locations. Bapkhe data on a
schedule equal to the data retrieval interval.
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I N
Data validation

After the wind resource measuremenare collected and transferrethe next step ishe
guality-control phase to validate the data, guarantee thatonly valid datasused in
subsequent analyses and that the d&g@recise.The flowchart below shows the steps in

validating data.

Data Validation Flowchart

Raw Data Files

'

Develop Data Validation Routines

General System and Measured Parameter Checks
e Range tests
e Relational tests
o Trend tests

Fine-tune Routines with Experience

'

Validate Data

Subject all data to validation

Print validation report of suspect values
Manually reconcile suspect values
Insert validation codes

Alert site operator to suspected measurement problems

'

Create Valid Data Files

}

Process Data and Generate Reports

*" Wind Resource Assessment Handbedkundamentals for Conducting a SuccesMohitoring Program,

NREL, 1997
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Data validation is defined as thesessment of all the collected data for inclusiveness and
reasonableness, and the removal of invalid valuBisis step transforms raw data into
validateddata. The validated data iken processed to produce the summary reports
required for analysis Data nmust be validated as soon as possilaegrder to notifythe site
operator of a potential measurement problemnd reduce the risk of data loss or erroneous
data collection.

Data Conversion

Depending on the data logger manufacturer and model, the datafirgtyneed to be

converted fromthed 2 33SNNRA NI 6 O0AYIFNEB F2NXYIFG G2 +Fy | {/
database, or some other operational filermat. Most manufacturers provide the

appropriate software for the data conversion.

For precise data conversiand successive analysis, the settirgjating towind vane
deadband, anemometer transfer function, and time zam®uld becorrectly entered in the
conversiorsoftware.Mistakes(boom orientation, magnetic declination, and anemometers
serial numbersylo come about at this stagendif not detectedat the outset, can lead to
significant errorsin charackeR T Ay 3 (1 KS a A ( S Déanalyst ghituldpirsu® dzNO S ¢
independent validatiorof key information from photographs confirnmg reported sensor
heights and boom lengthand orientations; and scatter plots of the ratios by direction of
speeds from paired anemometers can hegrify anemometer boom éentations and
designationsCalibrated anemometers should have a license provided by the adfeaicy
performed the calibratioriest. The analyst should check this certificate to confirm the
sensor transfer function and to verify that tlsensor test was normal

A good datahandling practicensuresboth the raw and converted data should be wiedipt
in permanent archives. All subsequent data validation and analyses should be executed on
copies of theconverted data files

Data Validationmethods

At presentthis isdonewith automated toolsneverthelessa manual review is still
commended.In essencehere aretwo parts to data validation, data screening and data
verification.

o Data Screeninguses a series of validation ronés or algorithms to screethe data
for suspect (questionable and erroneous) valudgorithms commonly include
relationaltests, range tests, anaend tests.A suspect valugvarrantsenquirybut is
not automaticallyinvalid The resulof this part is a data validation report (a
printout) that lists the suspect values and whigidation routine each value failed.
Suspectecords encompass values that fall outside the normal range based either on
prior knowledge or informatiofirom other sensors on the same tower.
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o Data verification-involves a casby-case decision about what to do with the
suspect valueg'preserve them asalid, discard them as invalid, or replace them
with redundant, valid values (if available). This part is where conclusion by a
competent persorfamiliar with the monitoring equipment and local meteorology is
necessarylnformation that is nofpart of theautomated screening, such as regional
weather data,may also bérought into play.

The marginsof datavalidation arethe many possible causes of erroneous data: faatty
damaged sensors, loose wicennections, broken wires, damaged mounting hardwaegad
logger nalfunctions, static dischargesensor calibration drift, and icing conditions, among
others. The goal otlata validation is to identify amany substantial errors from as many
causes as possibl®ver identifyingpresents gorospect to reviewbad data recordswhile
good records usuallgre not scrutinized furtherRailing todiscardeven a small number of
bad values canonsiderablyprejudicea wind resource analysis, whereas excluding a
moderate amount of good data rarely has such an imp&tili, care must be taken in
designing theautomated screening not to overwhelm the review phase with an excessive
number of false positives.

Validation routines

Validation routines are intended to monitor each measured parameter for suspect values
beforethey are integrated into the archived database and used for site analysis. They can be
grouped into twomain categories

o General system checkgdwo simple tests assess the comprehensiveness of the
collected data

A Data Recordsthe number of data fields st equal the expected number of
measuredparameters for each record.

A Time Sequencethe time anddate stamp of each data recordégamined to
see if theresanymissing or oubf-sequence data.

0 Measured parameters checkrepresensthe heart of the data validatioprocess
and normally consistof range tests, relational tests, and trend tests.

A Range Testssimplest and most commonly used validation tests. The
measured datas equated to permissible upper and lower limiting valuas.
reasonable range for most expected average wind speeds is 0 to 25 m/s.
However, the calibration offset supplied with many calibrated anemometers
will prevent zero values. Negative values clearly indicate a problem; speeds
above 25 m/s are possible andaghd be verified with other information. The
parameters of each range test must be set so they include nearly (but not
absolutely) all of the expected values for the site. Technicians caituinee
these parameters as they gain experience. In addition}ithiés should be
attuned sasonally where applicable. See below sample range test criteria.

, GREBE o Fromeieiy -
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Sample Range Test Criteria

*Sample Parameter

Validation Criteria

Wind Speed: Horizontal

o Average

offset < Avg. < 25 my/s

¢ Standard Deviation

0 < Std. Dev. < 3 nv's

¢ Maximum Gust

offset <« Max. < 30 mv/s

Wind Direction

o Average

0° < Avg. < 360°

e Standard Deviation

3° < Std. Dev. < 75°

e Maximum Gust

0° < Max. <360°

Temperature (Summer shown)
e Seasonal Variability 5°C < Avg. < 40°C
Solar Radiation (Optional: Summer shown)

e Average

offset < Aveg. < 1100 W/m?

Wind Speed: Vertical

(Optional)

o Average **(F/C)

offset < Avg. <+ (2/4) nv/s

e Standard Deviation

offset < Std. Dev.<+ (1/2) m/s

e Maximum Gust

offset < Max. < = (3/6) m//s

Barometric Pressure

(Optional: sea level)

o Average

94 kPa < Avg. < 106 kPa

AT

(Optional)

e Average Difference

>

1.0° C (1000 hrs to 1700 hrs)

e Average Difference

< -1.0° C (1800 hrs to 0500 hrs)

48

A Relational Testscomparison idbased on expected physiaalationships
between variouparameters. Relationalchecks should ensure that physically
improbabk situations are not reporteth the data without verification; for
example, significantly higher wirgppeeds at the 25m level versus thém level.
Wind speeds recorded at the same height should be similar (except when one
anemometer is in shadow); wirghears between heights should fall within
reasonable boundévhich may vary diurnally and seasonalBigase see the
table below for an example of relational test criteria

“*® Wind Resource Assessment Handbedkundamentals for Conducting a Successful Monitoring Program,

NREL, 1997
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Sample Relational Test Criteria

*Sample Parameter Validation Criteria
Wind Speed: Horizontal
e Max Gust vs. Average Max Gust < 2.5 * Ave.
e 40 m/25 m Average A** <2.0m's
e 40 m/25 m Daily Max A <5m's
e 40 m/10 m Average A =4m's
e 40 m/10 m Daily Max A <7.5m's
Wind Speed: Redundant (Optional)
e Average A =0.5m's
e Maximum A =2.0m's
Wind Direction
e 40m/25 m Average A < 20°

# All monitoring levels except where noted.

4+ A: Daifference 4o

A Trend Testschecks are based on the rate of change in a value over Amexample
of a trend that indicates annusual circumstance and a potential problem isarge
in air temperature greatethan 5°C in one houflhe thresholds actually used should be
adjusted as necessary to suit thige conditionsSee example below.

Sample Trend Test Criteria

*Sample Parameter Validation Criteria
Wind Speed Average (All sensor types)
e 1 Hour Change <5.0m/s
Temperature Average
¢ | Hour Change < 5°C
Barometric Pressure Average (Optional)
¢ 3 Hour Change <1kPa
A Temperature (Optional)
e 3 Hour Change Changes sign twice
# All monitoring levels except where noted. 5

“9bid 48
*0|bid 48
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Handling of suspect data

After the raw datasexposed to the automated validation checks, a reviewer should decide
what to dowith the suspect data records. Some suspedues may represent rea|though
rare, weatherincidences, which should nbe omitted from the resource assessment

Others may reflect sensar logger problems and should be eliminatétere are some
guidelines for handling suspect data:

o Prepare a validation report listing all thesuspect data. For each data value, the
report should give the reported value, the date atiiohe of occurrence, and the
validation criteria that it failed.

0 Match the datag a competent person should scrutinise the suspect data to conclude
their acceptability. Check to see whether data from different sensors on the same
mast confirm the suspect reading. If a brief feature such as a large jump in wind
speed is noted at oner@mometer, is a similar jump se@manother? If only one
sensor shows the feature, it is more likely that the data for that serssaralid.

Invalid data should be assigned and replaced witaladation code.

o Verify weather conditions use data from aariety of sources tvalidateweather
conditions(suspectedcing large chages in wind or temperature).

o0 Relationships between sensors over timaensor degradation happens so slowly
that it is ignored if the data isnly examined two weeks or a mongh a time. By
examining the relationships over several months or longer, the degradation becomes
evident.

o0 Redundant sensorsif redundant sensors are used, substitute a rejectatiie from
the primary sensor with a substitute orfieom the redundant sensaas long as the
redundantda Sy a2NnRa RFEdGF LI aaSR Fft GKS @I fARI G

0 Record- preserve a complete record of all data validation actions for each
monitoring site in &ite Data Validation Loghis document should contain the
following informationfor each rejected andubstituted valuefile name parameter
type and monitoring heightdate and time of flagged dataalidation code assigned
and explanation given for each rejected datutime source of the substituted values.

Data recovery

The data reovery rate is defined as the number of valid data records collected versus that
possible over the reporting period and should be determined for each primary wind sensor
(for all levelsat each site). The method of calculation is as follddata RecoverfRate=

Data Records Collectéddata Records Possilfd.00. WhereData Records Collected = Data
Records PossibléNumber of Invalid Record$

*bid 48
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Data processing

Oncethe data validation stage is complete, the data set muspbethroughseveral data
processing procedures to assess the wind resource. This compfisaisulations orthe

data set, as well as binnirtige data values into useful subsets basedloachoice of

averaging intervalThis results imiseful reports, such as summary tables gatdformance

graphs. Data processing and reporting software are available from several sources, including
data logger manufacturers and vendors of spreadsheet, database, and statistical software.

Post validation modifications

Good sensors fixed properlyahid deliver precise measurements of wind speed, direction,
and othermeteorological parameters. Nonetheless, there are several factors that often
need to beconsideredseparatelyto correctly apprais the true freestream speedexcept

for fully programmale data loggers antbwer effects. Inclinationthe wind shear
exponent,turbulence intensity, and wind powetensity arenot typically internalprocessing
functions of most data loggershese parameters can be easily calculatsihg a
spreadsheet softare applicatiorto obtain hourly and monthly averages.

o Mean wind speed istime-averaged wind speed, averaged over a specified time
interval. The most commonly used technique of projecting the mean wind speed
from the height of observation to the turbineub height is by means of the power
law. The power laws a functional relationship between two quantities, where a
relative change in one quantity results in a proportional relative change in the other
guantity, independent of the initial size of thoseantities: one quantity varies as
power of another. Thewvind profile power lawis a relationship between
the wind speeds at one height, and those at another. The formitila:

ha\ & hl =to the top anemometer height
vz = v1 51) |

1 h2 =hub height
The key question when applyitige power law is what t@ssume for the shear
exponent. It might seem reasonable tige the exponent that was calculated between
the first (top)and second heights on the tower; or, if the ratio of those two heights is
not large enough to obtain aaccurde shear value, between the first and third heights.

*2Wind Resource Assessment Handbook, NUSERDA, 2010
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o Vertical wind shear exponentwind shear is defined as the change in horizontal
winda LISSR A GK | OKFy3aS Ay KSAIKIGDP ¢KS gAYF
determined for each site, becaugis magnitudeis influenced by sitspecific
characteristics. The 1/7th power law (as used in the insit@l screening) may not be
applied for this purpose, as actual shear values may vary significantlyirenvalue.
{2f OAy3 GKS LR26SNI I g Sldzt A2y F2NIh TAGS

| V2
Log | J Where:
'y
o=——-=

(Z, v2 = the wind speed at heiglz2
Logyp|—

73
ol |

v1=the wind speed at heigtatl

o Turbulence intensity wind turbulence is the hasty disturbances or abnormalities in
the wind speed, direction, and vertical component. It is an important site
characteristic, becawshigh turbulence levels may decrease power output and cause
extreme loading on wind turbine componenihe magnitude of the ovespeeding
depends on the sensor type and degree of turbulence. Cup anemometers are known
to overestimate the wind speed in toalent flow conditions, whilg@rop-vane
anemometers tend to underestimate the wind speed, and sonic anemometers,
lacking moving parts, are insensitive to turbulen@de most common indicator of
GdzND dzf SYOS F2NJ aAdAy3d Lldzewkdisped. Regulating S & G |
this value with the mean wind speed gives the turbulence intensity (TI). This value
Fff2ga F2NI Iy 20SNYff FaasSaavySyd 2F | aii
turbulence with low levels indicated by values less thargual to 0.10, moderate
levels to 0.25, and high levels greater than 0'PS5s defined as:

Where
' 4KS aidl yRINR RSGAIGAZ2Y 2F GAYR &LJS
V = the mean wind speed.

o Wind power density (WPDYA & | GNHzSNJ AYRAOFGAZ2Y 2F | aAa
GKIFY 6AYR &ALISSR Ff2ySeo Lia @IfdzS O2Yo0AySa
distribution and its dependence on air density and wind speed. WPD is defined as
the wind power available per unit area spteby the turbine blades and is given by
the following equation:

[ n 3
WPD=— 3. (p)(v;’ ) (W/m?)
2 WA

)
M5

n = the number of records in the averaging
interval;

' GKS | ANJ RSyaaride o613«
vi® = the cube of thavith wind speed(m/s)

*® Wind Resource AssessmeHandbook- Fundamentals for Conducting a Successful Monitoring Program,
NREL, 1997
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Theair densityterm in the WPD must be calculated. It deygs on temperature and
pressure(thus altitude) and can vary 10% to 15% seasonally. If the site pressure is
known (e.g., measured as aptional parameter), the hourly air deity values with
respect to air temperature can be calculated froine following equation:
o Where:
P=—— (kg/m) p=theair pressure (Pa or N/m2);
RT R= the specific gas constant for air (287 #Rg
T = the air temperature in degrees Kelvin (°C+273).

If site pressuras not available, air density can be estimated asration of site
elevation (z) andemperature (T) as follows

Where:

(—8z
\ ) , 3 .
P~ (%) exXp R (kg:‘m) Po = the standard sea level atmospheric

' pressure (101,325 Pa), or the actual sea level
adjustedpressure reading frorfocalairport:

g = the gravitational constant (9.8 m/s?); and
z = the site elevation above sea level (m).

0 Speed Frequency Distribution and Weibull Parameterthe speed frequency
distribution isa critical piece as it is used directly in estimating guoaver output of a
wind turbine. The frequency distribution represents the number of times in the
period ofrecord that the observed speed falls within particular ranges, or bins. The
speed bins are typically 0.5 m/s bm/s wide and span at least the range pésds
defined for the turbine power curve, i.e., from 0 m/s to 2Bs and above. It is
usually presented in reports as a bar chart, or histogram, covering all directions.
The Weibull distribution is a mathematical function that is often used to represent
approximately the windgspeed frequency distribution at a site. In the Weibull
distribution, the probability density (the probabilitihat the speed will fall in a bin of
unit width centred on speed v) is given by the equation:

A ¢ Scale parameter relatecdosely to
. meanspeed
k fo\k—1 _(v
p(p) - —(—) e (A) .

: A\A K¢ Shape parameter, width of
distributionrange fom 1 to 3.5, the
higher valuesndicating a narrower
frequency distribution
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Weibull probability density curves for a range of values of k. All curves have the same A: 8.0 m/s.

Figurel3 Weibull probability density curves*

o Wind Rose; to show the information about thdistributions of wind speeds, and
the frequency of the arying wind directionsin most projects, the spacing between
turbines along the principle wind direction is much greater thangpacing
perpendicular to it. This configuration maximizes the densitywind turbines while
keeping wakenterference between the turbines, and hence energy losses,
manageableA wind rose gives you information on the relative wind speeds in
different directions, i.eeach of the three sets of data (frequency, mean windesj
and mean cube of wind speed) has been multiplied by a number which ensures that
the largest wedge in the set exactly matches the radius of the outermost circle in the
diagram.The wind rose plot is created by sorting the wind data intodbsired
number of sectors, typically either 12 or 16, and calculating the relevant statistics for
each sector:

Ni = the number of records in

Frequency: f, = 100%(%) direction sectori,
_ Mean speed: 7, = izs_u;l v (g) N = the total number of records
in N s the data set,
Percent of total energy: E; = 1{)0w(%)
NXWPD

> Wind Resource Assessment Handbook, NUSERDA, 2010

", GREBE ( Pronciaiay -



W GREBEPROSGET L2018

vj =the wind speed for recorg
WPDi=the average wind power density for direction sector

WPD-=the average wind power density for all records

H Percent of Total Energy
OPercent of Total Time

Wind rose plot example.

Figurel4 ¢ wind rose plot examplé®

o Tower effects- even outside the zone of direct tower shadow, theesence of the
tower can increase or decrease thbserved wind geed compared to the true free
stream speed. ThefluencerestsonR A NB O (i A 2 y TistanéeSronitis yower, N &
and the tower width and type. Directly upwind, a tower impedes the wieducing
the speed; over certain angles on either side of the tower, the tower causes the wind
flow to speed up producing arupsurgein the observedspeed. Provisionblon the
boom length and tower geometry, these effects can be up to several %, a stikta
bearing on a resource assessment, particularly if the wind comes often from a
narrow range of direction®8y modifying for these tower influences, a more precise
free-stream speed interpretation can be attained for an individual sensor.
present, here are no commercial tools available, so custom tools must be developed

*Wind Resource Assessment Handbook, NUSERDA, 2010
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by the resource analyst using information available in the literature. An alternative is
averaging valid data from two sensors at the same height and onigtite
recommended anguladistance apart (depending on tower typdhisoften

mitigates or virtually eliminates tower effects in the combined data rec8rd.

o Inclined flow- cup anemometersare sensitive to variable degrees of-bffrizontal
winds depending othe geometry of thecups and instrumentResearch has
recognised the influence of flow angle on wisigeeds recorded by cup
anemometers butnterpreting of this information need&nowledge of the flow
angle at the tower. This can be attained fransodar, a lidar, or a vertical
anemometer mounted on théwer.

Data substitution and averaging

The data validation processp until nowhas pursued to keep valid data from each sensor
intact andseparate from data from other sensoihere aréwo methods of combining the
data from differentsensors: substitutiomnd averaging.

o Data substitution- aims to create the longest possible da&ord by filling gaps in
2yS aSyaz2Nna frobodeoNRoredihel sens&Foiidnemometers,
the substitted data ideally should come from an instrument at the same helgr
generally straightforward to fill gaps in the directional data record using valid data
from another vaneThe analyst should merely check to make sure that there is no
significant,persistent bias between the tw@ | Yy S & naRdatidgduring
periods when both produce valid data

o Data averaging seeks to reduce the uncertainty in the observed speeds by
averaging data from two different anemometers at the same heigkeragingcan
be used only when the data from both sensors are valid.

*Wind Resource Assessment Handbook, NUSERDA, 2010
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Comparison of observed wind data with historical
norm

The laststage in baracterizing the wind resourcbgefore extrapolatinghe data to hub
location b to adjust the observed wingimate to the historical norm. Average wisgdeeds
can fluctuate considerably from the norm even over periods of a year. For example, the
uncertainty in the longerm mean wind speed, based on a year of measurement, is
normally about 35%corresponding tgerhaps 510% in the mean wind ph& production.
This would be substantial influence when weighitige risk of financing a wind project.
Reducing this vagueness is the primary goal of the cliradjestmentprocess.

The principal technique fagxecutirg climate adjustments isalled MCP, which stands for
measure, correlatepredict. The windesource is measured at a sitejer a period ranging
from several month$o seveal years. The observed windsethen correlated with those

recorded at a longerm reference, suclas an airport weather station, and a relationship
betweenthem is establishedl'hen, tre much longer historical recofdom the reference is
applied to this relationship to predithe longterm mean wind resource at the target site

Requrements for accuate MCP

Assuming the wind climate is stable, three key requirements must be met for MCP to
produce a reliableesult:

o The site and reference station must beainonsiderablysimilar wind climateThis
means thatvariations in wind speedt each location should be well correlated in
time. The correlation can bmeasured qualitatively by plotting a time series of
observed wind speeds for both the target arelerence stations. A quantitative
measure such as the Pearson correlation coeffic{e) can alsde used. The square
of the correlation coefficient, r2can be thought of as the fraction of theariation in
the values of one variable that can be explained by a linear equation with another
variable.

o0 Thesiteand reference station mustdve ahomogenous wind speed recard wind
speed records said to be homogeneous if the measurements have been taken
continuously at the same locatiaand height with equivalent instrumentation. In the
case of the reference station, its record shobklsibstantially longer than, and
overlap with, that of the target site.
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0 The concurrent targeteference period should capture seasonal variations in the
relationship. Inpractice this means at least nine continuous months, and preferably
a year or more.

Correlation®’

If a wind project site is in flat, open terrain, itfrequentlyeasy tolocatea weather station

in the locality thathassimilarwind climate However, ifthe project sitein on abareridge or
mountain top,andthe nearest reference stains are in shielded valleys; or the project site
may be nean coastline while the available reference stations are well inland. The result
then can be comparatively poaorrelations between the site and reference statidime
feebler the correlation witlthe reference station, the bigger the doubt in the attuniethg-
term wind resource at the target site.

Presumingnormally distributed annual wind speed fluctuations andoasistent reference
station data record, the following simple equatiapproximates the overalincertainty in
the longterm mean wind speed as a function of the correlation coefficignt,

r2 1—r2 " 1= the standard deviation of the annual meaimd
g = 0y + speed as a % of the mean

Npg Nt

NR= the number of years of reference data

NT is the numberof years of concurrenteference and
target data

It is key to decidevhat averaging interval should be applied to the wind speeds when using
the MCP process. The best averaging interval for MCP is related to the time scale at which
wind variations may be experiencedncurrentlyby the reference and target sitelf the
interval is too shortthen a largeamountof the speedvariationsmaynot containanyuseful
information about the relationshigf the interval is too long, othe otherhand, then

important information about the relationship may be lo€onsecutivelythe idealtime

interval isrelated to the size of typical weatheisturbances and their rates afotion. The
interval2 ¥ | ¢ A ydrst ccQi@irgyyhia énattér slemonds or a sustained period of

high winds lasting several dgysquals the size of theelated weather disturbancdivided

by its speed relative to the observer. A wind fluctuation cannot take place concurrently at
two points unless both are within theealm of influence of the same disturbance. Thus, the
shortest time scal®ver whichcorrelated@ | NA | (i A 2 ¥ & is Dé distacO@naeR N
the targetand reference stationd), divided by typical oaverage background wingpeed.

v(5)

>"Wind Resource Asssment Handbook, NUSERDA, 2010
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D =the distance between the target and reference stations
V =typical or average background wind speed

As an overall standard, when the reference is a regular surface weather station located
some distancaway from the target tower, daily averaging serves well. This has the
advantagen that it is simple to applgnd it decreases the effect of dissimilarities irt&3ur
wind speed patterns related to tower height and statiogation. The only time a shorte
interval such as onkour or 10 minutes might realistically be used is when the reference
station is within a fevkm of the target site. This occurs most often when secondary masts
are correlated with a primary reference toweithin the project area

Homogenous wind speed observatiorts

The prerequisitdor anextended, homogeneous reference data record can also be
problematicasmeasurement standards change from time to time as national weather
agencies seek to improve theireasurement technology angata productsTowers are
moved or heights are changed, manual recording replaced with automated digital
equipment, resulting is lge discontinuity of recorder wind speedis some cases, this
incrementaldataambiguitywill result in a total MCRincertanty that is higher than iftte
on-site data were used alone; thus it is better not to use it atAtiother challenge is
fluctuating site conditions around reference stationg)igh can generate false trends in
wind speedsin the absence of substantiakend and discontinuitiesthe improbability m the
longterm mean wind speederived through MCP should decrease as the length of the
NEFSNBEYOS adl dAa2yQa thiexdehtthR thdtyWicsiiibhsa®a T o0 dzi 2y
correlated in time.

The presence of trends or discontinuitiesthe reference dataghanging siteonditions or
measurement techniques, or real manifestations of climate changan have a pernicious
consequence on the accuracy of MCP. Presume there is a linear trerelr@féinence wind
speed. If the trend igot real(trees are growing around the station, anemometer has been
slowing dowrbecause of wear in the bearingshen the adjusted longerm mean wind
speed will tend to be subjective by amount that depends othe slope of the trend line
and the length of the reference data record

N s=the trend slope in percent per year
E =~ — E S (0/0)
N =the number of years in the reference data record

Hence, where incorrect trends are existing, the extent of the potential bias increades wit
the lengthof the reference period. The problem is compounded if the trend is caused by a

*8 |bid 57
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real and persistent change alimate becausethten the bias resulting from therdinary MCP
process may be even larger, if the trend continues in the future.

MCPc is stilla pillarof wind resource assessment buust be applied with substantial
caution. The following practical guidelinae offered:

o0 A comprehensive exploration pbtential reference stations and data sourdss
required The more data setsccesdile for analysis, the easier it is to discover in
homogeneities.

o The data recovery rate at the reference stations should be high and coretant
time, as long gapstgstantial changewill render the data homogeneity suspect.

o0 The available documentatidior each station should be inspected carefully to
determine whetherits instruments, tower height, location, or measurement
protocols have changed. The referermmeriod should be the most recent period for
which conditions at the station have remainsdbgantially the same.

o0 The reference data for each station should be assessed visually and statistical tests
applied whereappropriate to detect trends or irhomogeneities larger than can
easily be explained by normilictuations.

0 Be cautiousof reference data records extending back more than 15 yesen if
there has been no documented change in the station equipment or protocols. There
is little assurancehat measurementsire characteristiof the more recent local
wind climate.
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N N T N
Wind flow modelling

Wind flow modellingassesssthe wind resource at every proposed wind turbiteeation so

GKIFIG GKS gAYyR L} Iy Qalcul@ted Sndlistdésign dhiPoR azirizad2 y O y
Thisentailsextrapolating the wind resourcemeasured using a numerical wind flowind

flow modellingmust accountfoS | OK (G dzZNDAyYy SQa Ay Tt dzSyOS 2y (K
- the socalled wake effectThere will be a wake behind the turbine, i.e. a long trail of wind

which is quiteturbulent and slowed down, when compared to the wind arriving in front of

the turbine. Wakemodellingistypicallyperformed separately from wind flomodelling

usingspecialized software.

There are too many methods with very divederacteristics tpropose onebest option

Thus, aroverview of the differentnodellingapproaches that are available, including their
strengths and weaknesses, and establish some gegardélines applicable to all methods
where, most importanty, the appropriate use of measurements manage and limit errors.

Types of wind flow models

Spatial modelling approaches can be classed in four general categories: conceptual,
experimental, statistical, and numerical.

Conceptual models

Conceptual models are theories defining how the wiaeslource is expected to fluctuate
across the terrainbased on a combination of practical experience and a theoretical
understanding of boundarkayer meteorology.

A simple theoretical model miglpredictthat the wind resource at one location (a turbine)
is the same athat measured at a different location (a met mast). This could be a good
model in comparatively flat terrain @long a fairly uniform ridgeline, for example. Where
the terrain and lad cover differ significantlynore detailedpredictionsare needed This

will includingmodelsfor the influence of elevation othe mean wind speed, the
relationship between upwind and downwind slope and topographic acceleration,
channelling through a mountain gap, and the impact of trees and other vegetati@se
theories are therconverted intopractical recommendations for the placement of wind
turbines, accompanielly estimates of the wind resource they are likelyo®subject to

As wind projects become larger and are built in more mixed climates and sites
becomes more and momifficult to employa solelyconceptual approach in areciseor
repeatable way. Nevertheless, a gooahceptual understanding of the wind resource is a
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valuable asset in all spatial modelling. Most impoitt it offersa check on theensibleness
of other methods. A good conceptual understanding is better thBacdinumerical model,
or a good numerical model that is wronglgnployed

Experimental models

Experimental approachesdicate the creation o& salpted scale model of wind project
areaand testing it in a wind tunnel he environment# the wind tunne]such as the speed
andturbulence must be corresponding to the scaletbkE model to imitate real conditions
asclosely as possible. While thend tunnel isrunning, the wind speeds are measured at
numerous points on the s@amodel using miniature anemometer§he outcomes form a
depiction of how the wind fluctuates across the site. Thlative speeds between points are
then usually linked to enast where the speeds have been measurethanfield. It may

even provide exclusive insightsareas where numerical wind flow models are prone to
break down, such as near the edge of a steep 8tffl, few implement this technique
because of the tira and special skills required to builtk model and the need for access to
a wind tunnel. In addition, the method has some limitatidoscorrectlypairing

atmospheric parameter® the physical scale.

Statistical models

Statistical models are based oglationship derivativefrom ontsite wind measurements.
Typically one tests different predictive parametesich as elevation, slope, exposure,
surface roughnessnd other indicators to find those that seem to have the strongest
connection with the bserved windesource at several masts. Theoretically, any parameters
can be used, although in reality foag®n those for which there is a reasonable theoretical
basisthat a relationshipmight be presentThis is onenodelwhere a good conceptual
understanding isadvantageous

Suppose one haassessethe mean windspeeds anumerousdifferent towers at different
points within a wind resource area. Suppose the speedplatéed against slope for
example and a strong correlation is found. From the¢ationship a linear equatiory & mx+
b) could beobtainedand applied to predict the speed at any other point in the area.

Statistical models are appealing because thsy substantiatedn measurement and are
fairly simple andransparent- unlike nurrerical wind flow modelsOne of the possible
limitations of statistical methods is that they cganeratebig errors when making
predictions outside the range of conditions used to train the mokhethis respect,

statistical models can be less reliabtah numerical wind flow models, whicéire designed

to producecredibleresults in a wide range of conditiori3efining the accuracy of a
statistical model is a challengss it calls fodivisionof the dataset into two groups: one to
train the model, the dher to validate the modelNevertheless, statistical models are a valid
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approach when prper procedures are followed and can bembined with other
approaches, such as numerical wind flow models

Numerical wind models

The most popular methods of spatial modellicunt on numerical wind flow models. There
are several wind flow models in use by the wind industry today, which are based on a
variety of theoreticahpproaches. Alry to resolve some of the physical equai®

governing motions of thatmosphere, with varying degrees of complexity

0 Massconsistent nodelsc are the first generation of wind flow models developed in
the 1970s and 1980&.9., NOABL35, IMERVE).HEY solve just one of thehysical
equations of mtion governing mass conservation. When applied to the atmosphere
the principle of massonservation implies that wind forced over higher terrain must
accelerate so that the same volume of parsses through the region in a given time.
As a result, these adels predict stronger winds on hill and ridiggs and weaker
winds in valleys. Thely 2 yla@kiatthermally-driven wind patterns, such as sea
breezesand mountainvalley circulations, and flow separations on the lee side of
hills or mountainsTheanswerobtainableby a massonserving model is not unique:
the governing equatioessentiallyallows for acountlessvariety of solutionsMost
models are designed to depart by the smallest amdumin an initial wind field
G3dzSaaé¢ RSNRA IS RSuchdBhiaracistic Saklihis type dfymddel
apart from other numerical models, which make no such assumption. It also means
that massconsistentmodels are able to take advantage of data freapplementary
meteorological towers in a naturalay, by modiing the initial guess.

o JacksorHunt Modelsc arethe next generation of models (e.g., WASISMicro
MS3DJH,Raptor, Raptor Nindwere originally developed in the 1980s and 1990s
based on a theorgdvanced by Jackson and Hufihe model solves the lingaed
NavieStokes equations under several assumptions: stestdie flow, linear
advection and firsbrder turbulence closure. In addition, the terrain is only taken
into accountas a firstorder perturbation.Thekeysimplification in the Jacksedunt
theory is that the terraiririggersa smalldistressto an otherwiseconstant
background wind. This assumption allows the equations to be solved using a very
fast numericatechnique.

o The Wind Atlas Analysis aAgplication Program (WAsP) developed at Risg
DTU National Laboratory is a spectral model based on the Jaghson
theory. The necessary inputs to WASP include the terrain elevation and
surface roughness as well as the measured mean wind speeds and
frequercies by direction sectors from onsite meteorological masts. Like most
diagnostic microscale models, WAsP calculates the mean wind flow for each
directional sector independentlyfhe WAsP model ignores effects of thermal

, GREBE o Fromeieiy -




THEGREBBROJECT JuLy2018

stability andtemperature gradientsThermal stratification and buoyancy
forces can have a large influence on the response of wirtdrtain.

CED models

The difference between CFD and Jackslamt models is that CFD models solve a more
completeform of the equations of motion known as tlieynoldsaveraged Navie§tokes,
or RANS, equation$hey do not assume the terrain induces a small perturbation on a
constant wind field. This means they am@mpetert of mimickingnon-linear responses of
the wind to steep terrain, such as flow separati@andrecirculation.They also do not have
to make certain other simplifying assumptions, suclihas shear stress and turbulence act
only near the surface. This, in turn, allows CFD models to simulaiaefthences of
roughness kbanges and obstacles directly. Thagvide useful information concerning
turbulence intensities, shear, direction shifég)d other features of wind flow in complex
terrain.

Limitations of CFD modetave been attributed to various factors, includimgacuracies in
initial and boundary conditions (usually assumed to be homogeneous and @l@utrally
stratified, logarithmic profile), limited grid resolution, and treatment of turbulence. The
addedcomplexity of the models may be a problem as some useng not be well equipped
to run them properly Another factor is that CFD models are not designed to take into
account any circulations due to temperatugeadients. The lack of a complete prognostic
equation for temperature in CFD models is, in turn, tésult of another assumption made
in most CFD models, which isatithe wind flow is steadgtate and there is a constant
incoming wind.

Mesoscale numerical weather prediction (NWP) models

This type of model has been develop@dt for weatherforecastingand similarly to CFD
models, NWRPnodels solve the NavieBtokes equations. Dissimilar CFD modelghey

include parameterization schemes for solar and infrared radiation, cloud microphysics and
convection (cumulus clouds), a soil model, and more. Tthey,integrate the dimensions of
both energyand time, and are adeph replicating sea breezemnd atmospheric stability, or
buoyancy.The wind is never in equilibrium with the terrain because of the constant flow of
energy into and oudf the region, tliough solar radiation, radiative cooling, evaporation

and precipitation, the cascade tfrbulent kinetic energy down to the smallest scales and
dissipation into heat even sound waves.

Mesoscale models offeaccurate simulations of wind flows in complexrain, butthey
require enormous computing power to run at tiseales required for the assessment of
wind projects. One way around this problem is to couple mesoscale models with a
microscale model of some kind. Thsuld be a statistical model, if there is sufficientsite
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wind data to create reliable statistical relationshipdore often, it is a simplified wind flow
model- usually either a massonsistent model or a Jacksétuntmodel.

Global tools and data®urces availiable online to
make preliminary resource potential assessments

Global data reources

M Global wind atlas https://globalwindatlas.info/

The Global Wind Atlas is a free, wieised application developed to help investors identify
potential highwind areas for wind power generation virtually anywhere in the world, and
perform preliminarycalculationslt provides freely downloadable datasdiased on the
latest input data and modelling methodologiddsers can additionally download high
resolution maps showing global, regional, and country wind resource potelttdéo
provides

A

A

Windresource data accouirtg for highresolution effects.

Uses microscale modelling to capture smaltale wind speed variability (crucial for
better edimates of total wind resource

Usesa unified methodology over the entire globe and update the Global \Wites as
methodologies develop.

Ensurastranspaency abait the methodology used.

Supporsthe verification of the results in the loAgrm by coupling to measurement
data and campaigns

Limitations of the Global Wind Atlas

A Mesoscale modellinguncertainties associated with the mesoscale modelling include:

representativeness of the large scale forcing and sampling, model grid size, description
of the surface characteristics, model sqip, simulation time and modelling domain

size.

Microscale modellinguncertainties associated with the microscatdellinginclude

the orographic flow model within WAsP, the surface description and departures from
the reference wind profile. Concerning the orographic flow model, the model performs
well when the surrounding terrain is sufficiently gentle and smooth to enswstim
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attached flows. With the global coverage of the GWhwy use the BZAnodel in areas
beyond its recommended operational envelope.

1 Renewable Ninja
https://www.renewables.ninja/

Run simulations of hourlgower output from wind farms by clicking anywhere on
the map, choosing your technology from the side menu, and hitting "Run”. You can
also download readynade datasets by clicking "Country" on thdedbar.

1 WASsP(Wind resource assessment, siting & enernggld calculation3

http://www.wasp.dk/wasp

WASP is the industrgtandard PC softwa for wind resource assessmelVAsP is
used for sites located in all kinds of terrain all over the world and includes models
and tools for every step in the process from wind data analysis to calculation of
energy yield for a wind farm

1 EARTHDATA

https://earthdata.nasa.gov/

The Earth Observing System Data and Information System (EGSDk8Y core
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satellites, aircraft, field measurements, and various other programs.

9 Corine Lad Cover 2006

http://maps.eea.europa.eu/EEAGalleryBasicviewer/v1l/?appid=f9b34d047a1541848
05687707eb7dfe5&8roup=9a0c196¢ch389491ealldeaca9fb07b5e

CORINE Land Cover (CLC) is a geographic land cover/land use database
encompassing most of the countries of Europe.

Protected Areas

1 Protected planetc https://www.protectedplanet.net/

1 Protected Planet is the most up to date and complete source of information on
protected areas, updated monthly with submissions from governments; non
governmental organizations, landowners and communities.

1 EUNIS https://eunis.eea.europa.eu/index.jsp
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The European nature information system, EUNIS, brings together European data
from several databases and organisations into three interlinked modulestes, s

seecies andhabitat tzees

Calculators for different parameters

1 Wind speed extrapolation

https://websites.pmc.ucsc.edu/~jnoble/wind/extrap/

 Roughness calculator

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/stat/unitsw.htm#roughness

T Wind speed calculator

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/tour/wres/calculat.htm

9 Weibull Distribution Plotter Programme

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/tour/wres/weibull/index.htm

1 Wind Rose Plotter Programme

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/tour/wres/roseplot.htm

1 Wind Shade Calculator

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/tour/wres/shelter/index.htm

1 Wind Turbine Power Calculator

http://xn --drmstrre-64ad.dk/wp
content/wind/miller/windpower%20web/en/tour/wres/pow/index.htm

 Wind Turbine Efficiency & Comparison Calculator

http://perso.bertrand-blanc.com/Resume/Experience/Energy/index.html

1 Wind Turbine Generator Equation Calculator

https://www.ajdesigner.com/phpwindpower/wind _generator_power.php
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