


This presentation: development challenges
of rime icing and wind power in Alaska

1. Detection and analysis of icing events: Accurate
measurement of presence of rime ice? Removal of icing
event data from met tower data?

2. Estimation of power loss from icing events: Modification of
capacity factor /net energy recovery calculations?

3. Mitigation of icing: Strategies for village-scale and utility-
scale turbines?

Alaska Experience:
e Familiar with cold weather operations, but...
e Lack of experience with rime icing and turbine
operations in ice-prone environments



Alaska’s Development Challenges

Remote: villages not road accessible

— Sea access limited to summer season

— Air access very expensive and delay plagued
Poor weather: snow, rain, fog, mud, etc.

— Flight delays, difficult work

Access difficulties: unimproved facilities

— Village roads not paved

Permafrost soils: anchoring and foundations
— Expensive engineering and construction



Alaska’s Development Challenges

e Extreme cold temperatures:'materials
e Communications: lack of cellular service

— Expensive satellite comms required

e Operations and management: lack of skilled
technical support in villages

— General lack of trained and experienced
technicians outside of “urban” Alaska, especially

in rural villages



Wind Turbines in Alaska, USA

Operating*
Kotzebue

- 875 kW
Nome
-1,170 kW
Wales

- 130 kW
Selawik

- 260 kW
Toksook Bay
- 300 kW
Kasigluk

- 300 kW
Delta
Junction

- 100 kW

Y
\
b
b
.
S
~
N
1
s
4
S
S
~
GLILE S
o W
ANADYR CHUKOTK™
Provideniva
-
ST

Scammon e

Sk kg
NURIVAR
ISLANT

BERING SEA
PRIBILOF ISLANDS

ST PALUL ISEANT

SOUTHWEST

Under Construction

Kodiak — 3,000 kW
Gambell — 300 kW
Savoonga — 200 kW
Chevak — 400 kW
Hooper Bay — 400 kW
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Initial Alaska wind
power projects in
coastal villages.

Future projects will
include more difficult
locations at:

Interior villages

*Remote mines

*“Railbelt” utility-scale
turbine projects
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~..V3 Energy LLC, Eagle River, Alaska, USA
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Rime Ice

Super-cooled water vapor freezes on contact and accretes

e|lced sensors and loss of data during prime windy (winter)
months

*Very difficult and expensive to remotely power heated
sensors; access to line power rarely available

*Collapsed met towers

V3 Energy LLC, Eagle River, Alaska, USA
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V3 Energy LLC, Eagle River, Alaska, USA




Hard ri at
collapsed a NRG 50 m
HD met tower.
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Native Village of Saint Mary’s, Alaska

Presented here as a case study of a planned
wind power project in a rime icing
environment

Native Alaskan village on the Yukon River, 725
km northwest of Anchorage

550 people, 88% population Yup’ik Eskimo

Electrically intertied with village of Pitka’s
Point — 140 people, 94% Yup’ik Eskimo



Saint Mary’s, Alaska

e Plan is to construct interties to villages of Pilot
Station (580 people) and Mountain Village
(784 people), mostly Yup’ik Eskimo

o Utility: Alaska Village Electric Cooperative,
based in Anchorage

— 53 villages in Alaska, mostly western Alaska

— Has installed wind turbines in several villages,
starting in 2005

— | am AVEC’s wind resource consultant
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Saint Mary'’s, Alaska

V3 Energy LLC, Eagle River, Alaska, USA




Pilot Station, Alaska
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Mountain Village, Alaska




Saint Mary’s Met Towers

@ IJCIEIEI--@--EIEIDD @
)

&
E A
<

Saint Mary’s Airport

Saint Mary's Met Tower

o Pitkas Point

9

Pitka’s Point Pitka’s Point M-e-t Tower

\Image ©/2008/DigitalGlobe
©12008 Tele|Atlas

m GUDD-@-DDDD E

Saint Mary’s
&) =

= i ]
Sai nUMary gy
S “0 “Isaint Mary's, AK

%

@zo07

Google”




Pitka’s Point met tower

NRG 40 m HD (20 cm diam.), installed Oct. 2007
3 NRG #40S anem. at 21, 30, and 39 m

1 NRG IceFree3 anem. at 29 m

1 NRG #200P wind vane at 39 m

1 NRG IceFree3 wind vane at 29 m

1 temperature sensor

NRG Symphonie datalogger

Obstruction lighting on top; FAA required

Planned additions: NRG Iridium satellite modem
and humidity sensor







Pitka’s Point Data Summary

Data period: Oct 26, 2007 to Oct 24, 2008
Mean wind speed: 7.61 m/s (39 m)

Wind power density (50 m, calc): 692 W/m?
IEC3 turbulence category: C-

Weibull: k=1.99, c = 8.58 m/s

Power law exponent: 0.163

50-yr extreme wind: 43.3 m/s (calculated)






Probability Distribution Function

Probabilily Disfilartion Runction

19% calms, <4 m/s
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Speed 19 m [mk]
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Speed 39 m vs. Temperature
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Speed 39 m WPD vs. Temperature, Speed 39 m4 m/s - 25 mis
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Pitka's Point Met Tower Sensor Recovery Rate

M 29 m IceFree anem
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V3 Energy LLC, Eagle River, Alaska, USA



30 m Level Anemometer Data Recovery

100.0
90.0
80.0 -
70.0 -
60.0 -
50.0 -
40.0 - M 29 m IceFree anem
30.0 - m 30 m #40S
20.0
10.0 -
0.0 -
LR Wind Vane Data Recovery
100.0
90.0
80.0 -
70.0 -
Question: What is the ]
significance, with respect to ey
rime icing risk, of data loss £y
from the IceFree (heated) 00 -
sensors? s2823¢s<2¢g

V3 Energy LLC, Eagle River, Alaska, USA
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M 29 m IceFree vane

W 39 m #200P



Dmap of 30 m #40S anemometer
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Dmap of 29 m IceFree Il anemometer
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Limitations of Icing Inferences on
Pitka’s Point Met Tower

No humidity data

No direct observation and correlation of icing
event in data to rime ice on met tower

No photographic evidence of ice on this met
tower

However...
— Adjacent 3@ powerline shorts out due to ice and wind
— Residents and pilots confirm ice-prone region

— Similar data pattern seen in met towers at other ice
prone sites in Alaska



Saint Mary’s Powerplant

e Pos1 Cummins QSX15G9 with a Newage
Generator M0O6F11164005 rated at 499 kW @
1800 rpm

e Pos2 Caterpillar 3508 with a Kato Generator
6P6-1600 rated at 611 kW @ 1200 rpm

e Pos3 Caterpillar 3512 with a Kato Generator
6P6-2400 rated at 908 kW @ 1200 rpm







Electric Load, kW

Pitka’s Point)

700

St Mary's Powerplant Loads

600

500

400
M Peak Load
300 B Avg Load
200
Powerplant
100 gross kWh,
2007: 2.911
MWh

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual

V3 Energy LLC, Eagle River, Alaska, USA



Turbine Options for Rural Alaska

Need “village-scale” turbines in the 50 to 500 kW
range with hub heights < 40 m

e Northern Power Systems NW100 (100 kW), USA
— Fixed pitch, stall-controlled, upwind active yaw

* Entegrity eW50 (65 kW), Canada

— Fixed pitch, stall-controlled, downwind passive yaw

e Fuhrlander FL100 or FL250 (120 kW, 300 kW),
Germany
— Fixed pitch, stall-controlled, active yaw, none in Alaska
e Used/reconditioned turbines

— One Vestas V15 in Kotzebue
— Concerns expressed regarding service, warranty, etc.



Northern Power Systems

NW100/20

Toksook Bay, Alaska




Entegrity Wind Systems

| eW50
\f/ Y Selawik, Alaska
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NW100/21, Pitkas Pt site
30 m hub height, 100% availability

Hub Height Time At Time At Mean Net Mean Net Net Capacity
Wind Speed Zero Output Rated Output Power Output Energy Output Factor
Month (m/s) (%) (%) (kW) (kWh/yr) (%)
Jan 9.52 3.2 19.6 54.7 40,679 54.7
Feb 9.82 1.6 24.4 67.0 45,023 67.0
Mar 8.11 6.1 14.2 49.3 36,691 49.3
Apr 7.56 4.4 1.7 42.5 30,569 42.5
May 6.95 6.9 4.2 35.1 26,139 35.1
Jun 5.46 9.4 0.0 204 14,681 204
Jul 7.60 2.5 2.2 38.9 28,919 38.9
Aug 5.54 10.0 0.0 21.5 15,990 21.5
Sep 5.80 9.0 0.0 22.2 15,954 22.2
Oct 6.51 9.0 3.0 32.6 24,288 32.6
Nov 7.77 8.6 15.1 40.5 29,170 40.5
Dec 7.54 14.9 16.6 45.8 34,109 45-8

Annual 7.11 7.5 7.2 37.1 325,356 37.1



Question: how to calculate turbine

ice?
power loss due to ice:
Hub height wind Mean net energy  Net capacity |IceFree anem Recalc of net
speed output factor data recovery energy output Recalc of net CF CF decline

Month (m/s) (kWh/yr) (%) (%) (kWh/yr) (%) (%)

Jan 9.52 40,679 54.7 244 9,913 133 75.6

Feb 9.82 45,023 67.0 77.8 35,028 52.1 22.2

Mar 8.11 36,691 49.3 80.7 29,591 39.8 19.4

Apr 7.56 30,569 42.5 78.4 23,960 333 21.6

May 6.95 26,139 35.1 100.0 26,139 35.1 0.0

Jun 5.46 14,681 20.4 100.0 14,681 20.4 0.0

Jul 7.60 28,919 38.9 100.0 28,919 38.9 0.0

Aug 5.54 15,990 21.5 100.0 15,990 21.5 0.0

Sep 5.80 15,954 22.2 100.0 15,954 22.2 0.0

Oct 6.51 24,288 32,6 95.5 23,200 31.1 4.5

Nov 7.77 29,170 40.5 100.0 27.6% 19,170 40.5 0.0

Dec 7.54 34,109 458 807 27,529 376 193~
Annual 7.11 325,356 37.1 86.4 281,043 32.0 13.6




Net Capacity Factor, %

70.0

60.0
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IceFree anemometer

Possible CF loss for NW100
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V3 Energy LLC, Eagle River, Alaska, USA

Dec

Annual

CF annual est.

No ice =37.1%
lce =32.0%
Decrease = 13.6%

B Net capacity factor

M Recalc of net CF



New Energy Output, kWh/yr

IceFree anemometer

Possible NW100 Energy Output loss

45,000

40,000

35,000

30,000

25,000

B Mean net energy output
20,000

M Recalc of net energy output
15,000

10,000

5,000

0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
V3 Energy LLC, Eagle River, Alaska, USA



Wind penetration and fuel cost —
six NW100 turbines

Power plant Avg wind Avg wind
gross energy Six NW100s penet. - no IceFree anem. Six NW100s penet. w/ Fuel displaced Fuel displaced Fuel value no Fuel value w/ Extra fuel cost
output output (no icing) icing data recovery output (w/ icing) icing noicing w/ icing ice (51.20/L)  ice ($1.20/L) due to icing
Month (kwWh) (kWh/yr) (%) (%) (kWh/yr) (%) (L) (L) (USD) (USD) (UsD)
Jan 305,040 244,074 80.0% 24.4 59,481 19.5% 68,341 16,655 S 81,358 S 19,827 $ 61,531
Feb 258,216 270,138 104.6% 77.8 210,167 81.4% 75,639 58,847 S 90,046 $ 70,056 $ 19,990
Mar 287,928 220,146 76.5% 80.7 177,548 61.7% 61,641 49,713 S 73,382 S 59,183 $ 14,199
Apr 241,920 183,414 75.8% 78.4 143,760 59.4% 51,356 40,253 S 61,138 S 47,920 $ 13,218
May 226,176 156,834 69.3% 100.0 156,834 69.3% 43,914 43,914 S 52,278 S 52,278 S -
Jun 192,240 88,086 45.8% 100.0 88,086 45.8% 24,664 24,664 S 29,362 S 29,362 S -
Jul 195,672 173,514 88.7% 100.0 173,514 88.7% 48,584 48,584 S 57,838 S 57,838 S -
Aug 214,272 95,940 44.8% 100.0 95,940 44.8% 26,863 26,863 $ 31,980 $ 31,980 S -
Sep 214,560 95,724 44.6% 100.0 95,724 44.6% 26,803 26,803 S 31,908 S 31,908 S -
Oct 252,960 145,728 57.6% 95.5 139,199 55.0% 40,804 38,976 S 48,576 S 46,400 $ 2,176
Nov 255,600 175,020 68.5% 100.0 175,020 68.5% 49,006 49,006 $ 58,340 $ 58,340 S -
Dec 276,024 204,654 7419, 807 165,176 59:8% 57,303 46,249 S 68,218 S 55,059 S 13,155,
Annual 2,916,288 1,952,136 66.9% 86.4 1,686,255 57.8% ) 546,598 472,151 $ 650,712 $ 562,085 $ 88,627



Saint Mary’s met tower

NRG 40 m HD (20 cm diam.) met tower, installed
August 2008 at lower elevation and further from
river

3 NRG #40S anem. at 19, 30, and 40 m

2 NRG #200P wind vanes at 30 and 40 m
1 temperature sensor

NRG Symphonie datalogger

Planned additions: NRG Iridium satellite modem
and humidity sensor
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2008 (m/s) (m/s) (%) (W/m"2)  (W/m"2) (%) (%) (%) (%)
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Wlnd Resource of Alaska
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Planned
Initiative, 2009

Alaska Energy Authority (AEA)
and National Renewable
Energy Laboratory (NREL)
developed the High Resolution
Wind Map of Alaska (right).
Plan is to develop a rime icing
indicator as a layer in the
ArcGIS mapping software that
can help wind project
developers in Alaska predict
where rime icing environments
can be expected. Project

prEEe
[

2000

+

B . H
priee s ey e L &
sponsors AEA and NREL. T
v i e By-tvaipeel]  Howed  Hieio

e Finrcat £ BoeaghiCeama Dardery Canadian Fravncs E =g 4 aa.mm N
P Fvar{Somn (] ke i MR A

qc:uulrum- «Wm

Sase Cmsmmer o

Trin e cousia b Trauiind B ahing 1o b chies yetam nd
e s s by s beaoed s apr et 1t ol . E—

PiciLre ol veind anargy omcuce, saiTades o ko localic shaukd b "% b 25 e Y

[T e——— S livenwine




Conclusions

e Rime icing events at Pitka’s Point met site are
significant

e Saint Mary’s met site appears to be lower
wind resource, three month view

 With complete winter data from Saint Mary’s
met site, must compare uncorrected and ice-
loss energy generation data to determine
most suitable site for turbines



Conclusions

* Need best method to estimate capacity
factor/power generation loss due to rime icing

 Need to identify most suitable and cost
effective ice mitigation (anti-icing and de-
icing) measures for village scale wind turbines
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