Site Your Wind Turbine
Right The First Time

Workshop #157
ndy Richmond
ineering, LLC
Booth A23




Second Wind — good or bad?

e A Turbine with two lives
— two owners & two sites

* My Story is from the
Second owner
perspective.

* Article appeared in
Home Power #130

written by lan
Woofenden

Enérgy Fair
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A Second Wind

The idea of generating electricity using the wind appeals
to many, butsﬂ'l.e reahﬂl'sy is that wind systems dEma.rl:g the
most planning, labor, and maintenance of any homescala
renewable electricity system. Homeowners and installers
don’t always get it right the first time, and there are lessons
to be learnad when they don't.

by lan Woofenden

In May 2001, Don and Bev Crim
approachod Randy Brocks of Brooks
Sclar—they were Inferssted In a
wind-cloctric sysiem far thetr home
in Psshastin, 3 small town 4n cantral
Washington. Thay wamtod to partidpat:
in the Sustalrable Matural Alemative
Power (SNATP) ncentive program in the
Chelan. County Fublic Utliy District
service arss, whichwauld pay up ta $1.50
per kilcwatt hour for grean dleciriclry.

Randy and his crew wern Eamiliar
with SNAF alter having installed a
Bargey Exsl wind harblng b= halp furs:
and Charlie Nichols ruap the program’s
bensklts [see “Rotting the Farm” in
HP95) But Randy was rehivoly
rew to wind genszator slbing, and
the avaflable wind maps at tha tme
vwern mot terrlbly usehul. He suggssted
ta Den and Bov that thoy install a
metearologial {mat) tewer ta gathar
wind data, but they were oot Interested.
in the addod expense (85,000 to §15,000)
or tms requirsd. Don and Doy wers
canvinced that the site was windy, and
PRardy chesrved the topegraphy and
was inclined to agree.

The towar and

=
Insst, top: The farms, rebar, and rebar
E . s at, bottom: Tha finkshad
towar fonting

The wind installation moved from cancept o praject avar fho
et Eew years, with the concrete footing poured. tn May 200,
and the 100foct tower and Bergey Excel turbine installed n
Ciinber 2000, Rardy was joired by Bill Hoéher in prepping e
sitn, and by Tus wosteen Washingpon crew of Kelly Ketlwitz,
FeeeWosdandan, and yeurs truly ar the tower assenbly and
crane installation.

The trbine was asse mbled on the tower, then lifted et the
basa by @ crare.

20 / april & may 2000
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The First Site

¢ Construction 2002

Wind P h littl
PURPOSE PERFORMANCE
¥ Reglonal Fleld Veriication [RFY) supports Indusiry Production has varled from gite to gite. Technical problame,
— neads for Inltial field oparation exparience with sspeclally with Invarters. have contributed to reducsd
small wind turbines and verifias the parformanca, parformanca. .

rallabiiity, maintainablity, and cost of #mall wind
furbines In diversa applications.

.

National Renewable Energy Laboratory

Innavation for Our Energy Future

Ungsr RFY, Bergay 10-kW wind turbines wess In-
stalled st a numbsr of sltes In the Pacific Northwast.

]

’ N Wl I ] I l l r I l l I l Each installation was Ineirumentad wiih & Data
Acquizttion Systam to collact 3 minimum of two
yaars of operating data. In addiflon, & datalled
undergtanding of the furbine system and balance of

gystem (B0S) coste will be calculated for sach sita.

performed o, -

SIx sy=tems wera Inatallad In Washington and Montsna Another objective of tha RFV project 12 to understand the

and tree flagging as
evidence of wind

* Part of NWSeed & NREL
Study - remotely
monitored

Energy Fair - o
4 rgy an © RightHand Engineering LLC
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System on-line Oct 2003
Monitored for > 1 year

Estimated 8ooo kWhrs
annually

Measured 600 kWhrs -
13 times less than
estimate

Measured average wind
speed 4.3 MPH @ 20 m

21st Annual

hergy Fair

/ The First Site (cont’d)

Average

Average

Estimated | recorded | recorded Actual
annual wind |production| annual
Tower | Months | production speed | per month | production
Elevation| tvpe | ofdata | (KWh) (1) {mph) (kWh) (kWh)
1004
latticed
free
610m |standing 15 8,000 43 40 4 600

© RightHand Engineering LLC
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The Second Site

* My search for a site
began early 2008

* My primary residence
(Western WA) not viable

* Nearest “windy” spot 2
hours East over the

Cascade range — Kittitas
Valley

* Home of Wild Horse
Wind Farm

21st Annual .
6 EhergyFalr © RightHand Engineering LLC _llllllﬂ_
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The Second Site (Cont’d

* NREL 8o m Wind Map
Showed Promise

* Most of the area shows
14-15 MPH average wind
@ 250 feet.

(MPH =m/s * 2.24)

* BUT I still needed to
choose a specific
available parcel...

Wind Speed
m/s MPH

>10.0
10.0

21st Annual .
7 EhergyFalr © RightHand Engineering LLC




Site Selection

How about this one?

* 8 acres — room enough
for a guyed tower

* Nice vacation home
* Local grid power present

* PUD participates in State
RE Incentive

* Neighbors don’t object to
a small wind turbine

Energy Fair .
8 rgy © RightHand Engineering LLC




Slte Selection (Cont’d)

X =

What about parcel-specific

wind? =
* NREL Wind Map looked :‘L

good - 14-15 mph @ 8om =
* New wind farm planned s

* Confident that 12
months of wind
measurement were not
necessary

1 mile to the West! = e b ITACESEEINE [

— e .
| T e
w L) " o ey
1] -
1 w
-
a

--------

21st Annual . =
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helpful!

* @ 13 MPH, need 10KW

turbine.

10 Ei‘ie‘"r‘éyFaw

Turbine Selection

* Goal was to maximize
income from WA State
RE Incentive — 12¢/kWhr,
max $2K/year. Need 16+
MWhrs annually.

* Home Power’s Wind
Buyer’s Guide VERY

Two veterans in the small "W_.__\.m-! «

industry give the .sl:mghtchp—w 0Op—T1
sugarcoating—on how to select the
right wind turbine for your site.

d-gkectric systerms draw a lot of inerest from
W;.pm.,mmm.m,mmm
energy. Wa frequently get calls from folks who have

e advartiscenarits Far by urbines that can bo mountsd s
a roaftop. For $5,000, the proanlse is that the wind turbine will
pravide all ar mast ef your heuschcld's dectricity. Bat don't
b foaled into thinking that such squipment will do oush

‘mare than gt an oxit sign. I you want a s ameunt
of srergy, you reed a Toter with slgniflcant swept arsa—Lt
Ls, alter all, the wind trbine'’s "collector” This articls covers
th serkous machines—products with track records and
searranties that have 1 mallstic chanco of genorating caugh
energy fer a bama,

Sizirg a wind-glectric spstem 15 quite d #ferent than sizing
& scilar-glectric (FV) systom. Wit a PV systom, you can add
ity as your neads grow ar as you can affard mears PV

These systems arenot Incremenial—yon armoet install langer
a turhing s

SpatEaT,
an addittonal tower and turbine 15 very costly—irs botter o
h 1L tower with cos large turbine. Most ke

- 1- home power 131/jurs & jul 2000

© RightHand Engineering LLC
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Brooks Solar, Inc.
Solar Power for People

* Contacted Brooks Solar
and Ian Woofenden for a {:}
recommendation.

* They knew of an under-
used 10 kW Bergey Excel
for sale in Peshastin 40
miles North.

e [ visited the owners and
closed the deal.

21st Annual . i 3
11 EhergyFalr © RightHand Engineering LLC



e | hired Brooks Solar &
team to move the system
to the new site.

A““\\!{\Vﬂ‘ 0‘ M e

Energy Fair -
12 rgy © RightHand Engineering LLC
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Permits

[ dealt with the County for
permits (NOT easy)

[nitially they wanted to e T o
restrict the hub heightto | "\ = A SR
60’ (40’ lower). Mgy =K
Discovered that I was

outside urban zone so 100’
was finally allowed.

Draft Small Wind standard | j|| comdose 50T
requires a 1.5 X setback. ) ‘“ s or
State required the non-UL

listed turbine to be

engineer approved.

e 21st Annual

13 Fﬂemy Falr. © RightHand Engineering LLC _llllllﬂ_



* I did my own excavation
(good excuse for a new
tractor).

e | hired a contractor to do
the concrete work - had
problems.

* Brooks Solar & Team
returned to put the
tower/turbine back up.

21st Annual .
14 EhergYFalr © RightHand Engineering LLC



Electrical Work & Cut-over

* Being an EE I did my
own electrical work —
design & installation.

* State required an
electrical permit and
inspections.

* Got final approval from
state for cut-over.

* On-line, October 2, 2008

are . -4 & -
- EhergyFalr © RightHand Engineering LLC —||||I|ﬂ—



Post-cutover Problems

* The used inverter died
within 2 weeks — was oft-
line for 1 week while a
replacement circuit board
was sent.

* The new, more efficient
turbine blades were out-of-
balance. Bergey shipped
out new ones and The
Team replaced them at
Bergey’s expense.

16 EﬁergyFaw © RightHand Engineering LLC
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Parameter Sitel Site2

80 m Wind Map Wind Speed < 8.3 MPH 14-15 MPH
50 m Wind Map Wind Speed | <125 MPH| 15.7-16.8 MPH | _
30 m Wind Map Wind Speed | <11.2 MPH| 12.3-13.4MPH |
Estimated Wind Speed 8+ MPH 12 MPH
Estimated Annual Energy 8000 kWhr | 16,700 kWhr
Actual Wind Speed @ 20 m 4.3 MPH 11.5 MPH
Actual Annual Energy 600 kWhr| 16176 kWhr

AWind = 2.7 X

A Energy = 27 X

© RightHand Engineering LLC
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Local Wind/Power Comparison

Location Avg Wind Speed |Wind Speed |Energy Energy
June 09-May 10 |Difference |Production Difference
Site 2 30 m Turbine Hub |12 MPH* reference 16,176 kWhrs | reference
Site 2 20 m Tower 10.4 MPH -13% 10,530 kWhrs* |-35%
Site 2 10 m Near Tower 9.7 MPH -19% 8543 kWhrs* -47%
Ellensburg Airport 9 mi SE | 9.2 MPH -23% 7290 kWhrs* -55%
*Calculated

NOTE: A small increase in wind yields
a LARGE increase in energy!

21st Annual
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_ How to Avoid being the First Owner
of a Second Wind system

*Know Your Wind!
*Go As High As You Can!

21st Annual -
19 E"ﬁergy_Falr. © RightHand Engineering LLC _llllllﬂ_
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Know the Wind at your Site

Make use of free, on-line wind maps:

Nttp:

us. pErarTMENT OF | Enargy Efficiency &

ENERGY Renewable Energy
Wind &Water Power Program

About the Program | Program Areas | Information Resources | Financial Opportunities | Technologies

Wind Powering America

yind Powerina Americs Wind Maps and Wind Resource Potential Q sweme L@ 0.
Estimates
AUt wering America | ViNd POWering America provides high-resolution state wind maps and estimates of the wind
9 resource patential that would be possible from development of the available windy land areas
Program Areas after excluding areas unlikely to be developed. Here you will find an 80-meter wind resource

map for the contiguous United States with links to individual state wind maps and a chart
showing the wind resource potential for the contiguous United States. Also find links to the
wehinar and news release, Some of the following documents are available as 4dabe Acrobat
Agricultural Community PDFs. Download Adobe Reader.

Native Americans

Public Lands United States and State — 80-Meter Wind Resource Maps

Public Power

States

Regions

Schaols
Small Wind
Economic Develapment
Palicy
Siting
Awards
Perspectives
Success Stories
Resources & Tools
Anemometer Loans
Wind Working Groups
Wind Maps
Wideos

Audio

Publications Wind reseurce data developed by
AWS Truewing, LLE for windNavigator®

News

/lwt.ncdc.noaa.

* http://www.windpoweringamerica.gov (80 m maps)
* http://www.windmaps.org (Northwestern states onl
gov/oa/ncdc.html

wind maps  background  related links  sponsors  home

WIND POWER MAPS .org
:':‘::cg: Northwestern U.S. Wind Mapping Project

Mew high-resolution, state-of-the-art
rmaps of wind energy potential are

slate maps now awvailable for the Norhwest o ) Dy
- Resource estimates ane easily Union Scigy -
utility maps accessible ta the public through an -
interactive Geagraphic Information
selectarea System (313) website.
maps
Through a zoom-in web interface, w

county maps provided by the National Renewable
Energy Labomtory, allowing quick
site look-ups, the maps will greathy . —
aid rural landowners and
communities in explaring ecanormic
opportunities to hamess wind
energy.

The pmoject iz coordinated by NW
Sustainahle Enargy for Econamic
Developrment (WWSEED) and the
MW Cooperative Developrment
GCenter (MWCDG) and sponsoned by
the National Renewable Energy
Laboratory (MRAEL), the Bonneville
Power Administration BPA), and
numeraus other organizations zoarm-in samples

Although the new wind maps do not eliminate the need for on-site wind
resource measurement, they can help utilities and developers gain a better
understanding of where the best wind resource areas are and soreen out less

Horthwest Caoparative

£

Development Center

Bonneville

Povee Ml

——
TrueWind Solutions

VT N ST




Know the Wind at your Site

OR, you can purchase more detailed data from:
AWS True Wind

3T1er
First Look
NASA

OR, find a local wind advocacy group that
subscribes to one of these pay services. Often
they can give you a free wind assessment.

© RightHand Engineering LLC —I|I|I|E—
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Know the Wind at your Site

Make use of near-by airport data:

* http://www.wunderground.com/history/airport/xxxx

(replace “xxxx” with your airport code)

History for Ellensburg, WA

B, Maonth of May, 2010 — View Current Conditions

L 2010 Temp. ('F) Dew Point ('F)

““l'ﬂﬂl' Hﬂllﬂl'mlmll & Previous Month ME}" w1 W[ 2010 & | may  nigh avg low  high avg
Wl.l-l'ldﬂ rgrou nd .com” 1 57 &0 43 37 3
2 59 48 41 3/ 33
Dhaily Wieekly Monthly 3 55 46 36 40 2
4 54 44 36 29 26
5 53 44 34 32 27
meh Wifind Speed Wi Gust kA 6 & 47 3 I 3
4E 3 H 64 44 28 40 3
] g 63 52 38 40 3
- g 65 48 30 3¢
] 0 59 S0 44 43 o7
. n 64 63 46 40 38
- 12 75 64 A1 40 37
1378 58 38 41 3
Comma Delirmited File uom e o4 a4
15 84 B4 46 4B 42
1 84 B8 55 57 48
. 17 75 64 54 55 51
1 18 69 &0 50 44 45
19 T0 s6 42 50 42
T 20 57 50 39 37 35
2 8 47 3 3w 32
2 81 8 4z 37 W
22 8 52 43 3 33
24 66 51 36 39 34

,, Energy Fair
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low

3

30
22
24
24
29
24
26
16
30
a7
3
27

35
35
43
a8
4

36
K]l

a7
3

b1
28

Humidity (%)
high  avy
68 56
73 56
8 58
70 63
73 53
7m0 56
86 62
85 58
744
74 82
68 B0
63 39
7w 45
7w 48
w46
74 83
86 70
82 B85
85 66
w3
85 B
7455
EANN <]
82 54

Sea Level Pressure (n)

high
2998
3012
LA
30.28
3019
3020
3029
3009
3000
2992
015
3047
3000
3002
2999
2989
2978
30.00
30.01
3011
3002
2890
2993
2992

avy
29.90
3003
29.86
30.23
3014
3025
30.20
3001
20.91
2983
30.06
3012
3002
29.96
2993
29.80
2072
2981
29.86
3005
2384
2979
2989
2989

-l AR

low

2987
29.86
29,66
015
30,09
3022
30.11

2995
29.80
2975
2993
30.08
25954
2991

29.87
2971

2965
2967
29.65
2989
2973
2973
2985
2986

Visibility (i)
high vy
10 10
1010
1010
10 10
10 10
10 10
1010
1010
1010
1010
10 10
10 10
10 10
1010
1010
10 10
10 10
10 10
10 10
10 10
1010
1010
w1
10 10

low

10
10
10
10
10
2

10
10
10
10
10
10
10
10
10
10
10
8

2

10
10
10
10
10

Wind (mph)
high avg
39 20
28 19
38 15
25 18
24 14
20 13
14 4
20 ]
8 4
23 7
30 24
26 17
15 8
15 6
15 7
Fil 8
24 9
20 17
18 8
24 L]
16 6
3z 19
25 15
12 7

17

Daily Observations

Gust Speed (mph)

high



Know the Wind at your Site

Measure your actual wind yourself
* WindMonitoring.com W R
¢ Etesian-tech.com

* Talco, Power Predictor
(www.talcoelectronics.com) |

* APRS World (booth X74) [Sp—
* Solar Energy Technologies (booth A50)
* West Winds Renewable (booth X99)

* OR look for an anemometer loan from a
wind advocacy group.

21st Annual »
23 EhergyFalr © RightHand Engineering LLC _llllllﬂ_




Go as High as You Can

Rule of thumb - at least 30" higher than anything
within 500. Maximizes wind, reduces turbulence.

UNDISTURBED UPSTREAM
WIND SPEED PROFILE

EXTREME
TURBULENCE

-
_____

17% SPEED DECREASE® 6%
2% TURBULENCE INCREASE® 53 2
43% WIND POWER DECREASE® 17% 9%

From NREL Wind Resource Assessment Handbook

21st Anmual -
24 Eﬁemy Falr. © RightHand Engineering LLC _llllllﬂ_
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Go as High as You Can

Even with flat terrain
there is an increase in
wind speed as you go

higher.

LO‘? e
Vi 1Hy

Log;g

From HP126 article “How Tall is Too
Tall” by Raichle and Summerville &

NREL Wind Resource Assessment
Handbook

Calculating Wind Speed
from Known Data

Assume a Midwestern farm site, which is mostly flat
grassland, has a wind-shear coefficient of 0.2 (a = 0.2)
and your 50-foot-high anemometer (H1) has recorded an
annual average wind speed of 15.6 mph (V1).

What annual average wind speead (V2) can you expect at
turbine hub height on a 75-foot tower (Hz)?

o o

Va3 | Hp H; 75 ft.|%-2
—=|—| *Va=Vy—| : V2 =156 mph|—
Vi {Hy) "2 "Yh,| " 2 P 50 .
Vs = 16.9 mph

o Description

0.1 Perfectly smooth (calm water)

0.2 Flat grassland or low shrubs

0.3 Trees or hills, buildings in area

0.4 Close to trees or buildings

0.5 Very close to trees or buildings

0.6 Surrounded by tall trees or buildings

© RightHand Engineering LLC
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Go as High as You Can

Power in the wind is in proportion to the CUBE of its
velocity!

Complex formula: P = 0.5 xrho x A x V3 x Cp, where
P=power in watts

rho = air density (about 1.225 kg/m3 at sea level)

A = rotor swept area - T[r> (m?)

V = wind speed in meters/sec (mph/2.24 = m/s)

Cp = coefficient of performance & system efficiency (typically o0.25)
from AWEA

Simplified formula: AEO = 0.01328 x D? x V3, where
AEO=Annual Energy Output in kWhrs
D=diameter of swept area in feet

V=velocity of wind in MPH
from Wind Power Basics, Gipe, & HP Apples & Oranges 2002, Sagrillo

e 21st Annual
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Other Hints

Talk to your neighbors BEFORE you start. Hostile
neighbors can impede your permit.

Find and read the applicable building code used by
your permit dept. Be prepared to educate the stafft you
talk with. Be prepared to file for a variance if necessary.

Select a manufacturer who stands behind their
product. There are dozens of new manufacturers &
products now - but look for a proven track record.

The 21st Annual

o Energy Falr © RightHand Engineering LLC _llllllﬂ_



Summary — Its About WIND!
Pick your X/Y Pick your Z (vertical)
(horizontal) location location for best wind
for best wind. Be at least 30’ higher
Use on-line wind maps than anything within
for starters. 500.
Check nearby airport The higher the better.
data - if available. Even a little increase in
Do actual measurements Wmd WIH. yield an great
for a full year to verify INCrease 1n power.
your specific local
conditions.

21st Annual
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Questions & Answers

Thank You! RightHand

HP Magazine Raffle Engineering, Lic
‘Randy@RightHandEng.com  Makers of WinVerter™

Local Windows PC and
Remote Internet
Monitoring of Residential
Renewable Energy
Systems

SR |1 1)1 www.RightHandEng.com

Booth A23

© RightHand Engineering LLC —I|I|I|ﬂ—
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