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Nergica is a Canadian centre of applied research that stimulates innovation in the renewable energy industry through
research, technical assistance, technology transfer and technical support for businesses and communities.
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Our research site

Riviere-au-Renard, Quebec, Canada
~1200 hours of icing per year
In operation since 2010

Two fully-instrumented
| | 126 m met masts

Two 2 MW wind turbines

One real-time microgrid simulation and
prototyping platform (OPAL-RT)

One 230 kW microgrid
comprising small wind turbines,
diesel generators, solar panels and
energy storage systems

/

16 kW of solar PV panels

P Two lidars s
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One powerful data processig and
archiving system
(OSlsoft Pl system)




The challenge

How do we ensure the realisation of R&D
projects and wind turbine maintenance
e during icing events?

When is it best to go on site?

How can we assess if it is safe to approach
an iced turbine?
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A two stage solution

Before the event When on site
Weather forecast Icing assessment
Wind farm specific forecast Monitoring ice stability conditions
Icing forecast Approaching the turbine
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Following an industry reference

.86 Outlines practices and procedures to assist with
& .. ®  Ccanadian Renewable | Association canadienne . . .

pi Energy Association de I'énergie renouvelable the safe operation and maintenance of wind
. @ B WIND, SOLAR. STORAGE. EOLIEN. SOLAIRE, STOCKAGE.,

iR power generation facilities in cold climates.

Canadian Renewable Energy Association

Operations & Maintenance * lcing and cold temperature physical
Best Practices for Wind Farm Icing and Cold conditions
Climate Health & Safety * Hazard definitions
June 2020 Edition * Best practices sorted by wind farm
location
Available at  Decision tree

https://renewablesassociation.ca/operations-and-maintenance/
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Before the event — Assess the impacts and risks

Public weather service forecasts

Freely available

Provided “as is”, requires assessment

Icing prone conditions:
Temperature close to 0 °C
Precipitations

High winds

Potential candidate for on-site intervention:
Temperature close to 0 °C
No Precipitation

Low winds
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Before the event — Assess the impacts and risks

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY
April 19,2021 April 20,2021 Apr:l21, 2021 Apr||22 2021 April 23,2021
° °ge 8oC 7ec 60% 63% 27%
Wlnd farm speCIflc forecaSt '“ 32MWhJ 'i: 36MWhJ T 89 Mwh 'i: 95 MWh  -9eC m r\) 40 MWh 10(:.
WEATHER CONDITIONS
Several companies provide services to Oh 1h 2h 3h 4h Sh &h 7h Bh 9h 10h 11h 12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h
ease site mahagers decision maklng
1 _I‘
1- Health and safety risk advisories
WIND POWER PRODUCTION Production 89MWh  Capacityfactor 60%
Oh 1h 2h 3h 4h 5h 6h 7h Bh 9%h 10h 11h 12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h
2- CapaCIty factor 2 Capacity factor % 23 37 51 59 64 66 67 67 67 66 64 62 61 60 60 62 63 61 54 48 48 59 75 87

3- High wind probability WIND Min 7m/s | [ Max NAmIS)

Oh 1h 2h 3h 4h 5h éh 7h 8h %h 10h 11h 12h 13h 14h 15h 16h 17h 18h 1%9h 20h 21h 22h 23h

Speed @ ground m/ls 5 6 6 7 8 8 9 9 9 9 9 9 9 9 9 9 9 9 8 T & 7
Speed @ hub (90 m) m/s 7 9 10 11 11 11 12 12 12 11 11 11 11 11 11 11 11 11 10 10 10 11

Direction wrrrryrrrrvrrvryryrryryvyvyvivryrr oA
Prob.speed>5m/s = %

Prob.gusts >10m/s %

3 Prob.gusts >15m/s % 65 75 75 70 70 70 70 70 75 75 70 75

Show chart s

Wpred http://www.wpred.com/ Nergica | 2021
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Before the event — Assess the impacts and risks

Wind farm specific forecast

TEMPERATURE Min 12°C  Max 2°C
Oh ih 2h 3h 4h 5h é&h 7h 8h 9h 10h 11h 12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22Zh 23h
Temperature ¢c -11 -12 -12 -12 -11 -11 -10 -10 -0 -9 -9 8 -8 -7 -6 -6 -5 -5 -4 -3 -3 -2 -2 -3
4- Temperature, including wind chill 4 reesiic
Relative humidity
Dew point 11 -11 -10 -10 -9 -
5- Precipitation showctar v
PRECIPITATION —
P e Oh 1h 2h 3h 4h 5h 6h 7h 8h 9h 10h 11h 12h 13h 14h 15h 16h 17h 18h 19h 20h 21h 22h 23h
6- Frost indicator

5 Prob. of precipitation % 40 40 40 40 40

20 20 20 20

Accumulation cm 01 01 01 03 03 03 03 03 03 02 02 02 02 02 02

Predp[taﬂon type Light snow possible Light snow Light snow possible

6 Frost indicator x10%

Show chart w

Frostindicator: v Hoarfrost B
v" Freezing Rain o

Wp fe d http://www.wpred.com/
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Before the event — Assess the impacts and risks

o GPEO icing at RaR
ICIng forecast 2021-01-07 17:00 (UTC-05) to 2021-01-09 13:00 (UTC-05)

GPEO: Nergica icing model

ﬂ:' 2020 - Mergica - All rights reserved

251 — e326.5 sel4.2
Max accum.: 4.4 mm at 2021-01-07 17:00 (UTC-05)
¥ New accum.: 0.0 mm \
— £326.5 sel’.1
48 h forecast 20 - Max accum.: 23.9 mm at 2021-01-09 01:00 (UTC-05)
-E- W New accum.: 19.4 mm
30 minutes interval =
Indicates icing severity s
©
=
g 10 -
Automated alerts sent to site O
<
manager and technicians : |
*
D I I I I | I I I
.00 00 0o 00 00 00 0o .00
71890 00: 0 0812 g 18° 00: 0 09 12
1{)11[} 20 1 20 1-0 D'll'ﬁ' o2} 20 1 20 1-0 o2t L
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Then the event hits

WECO01_WMCAM1_ 2021-

md[!.‘
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:00:00
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Then the event hits

WECOO1_WMCAM1_ 2021-01-08 11:09:

12
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Then the event hits

WMCAM1

WECOO01
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After the event — Icing assessment

[ 7= Obimot | Ice Detector
'O PiVision WEC001

Several ice detection systems
fosdX Weidmuller Phoenix Contact ECLOGIX PDCM
tested at Nergica’s site.
lce Detector

MMV1

. . . lce detector Ice detector lce detector lce detector
A" 8|gna|s Integ rated into Labkotec | LID-3300IP Combitech | SAAB Goodrich | 08711H1 Goodrich | 0872F1

OSlsoft Pl Vision. Air temperature: 6,5 Sensor temperature: 6,5 Credibility test:

MName Description Value Time & Trend Average Minimum Maximum StdDev

T T S T T YT T N ™

[ 100

Cold climate adapted wind
turbines can also indicate the

presence of icing.

0702020 11:00:02 [ 0E012020 11:00:02
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After the event — Monitoring ice shed

o . . Phase Description Start
Icing event on Nergica site A Ice accretion 2021-01-07
03:46
* From Jan. 7, 2021 to Jan. 15 2021 (9 days) B Fastice shed 5021-01-09
« ~300 kg/blade at peak on on Jan. 9 at 7:00 | | 11:10
C lcing persistence 2021-01-10
02:00
D Fast ice shed 2021-01-13
06:35
E Slow ice shed 2021-01-13
13:18

d
L. fosaX

/i | Rotor Ice Control

|rI|.l'l‘|':l| 1.;];
T
b ,."4 I
il
2021-01-16 00:00:-00

o
2021-01-07 00:00:00 HAS

9.00 jours AP

Blade 1 at 7:04 on Jan. 9, 2021
Data collected in OSlsoft Pl with fos4x ice detection system (Ice mass per blade)

End

2021-01-09
06:00

2021-01-10
01:43

2021-01-13
06:35

2021-01-13
13:18

2021-01-15
06:10

Duration
50,2 h

14,5 h

76,6 h

6,7 h

40,8 h
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lcing stability

2021-01-09 11:04 2021-01-10 01:54

Nergica hub camera system

2021-01-10 07:24 2021-01-11 06:44 2021-01-13 06:44

2021-01-13 08:44 2021-01-13 12:14 2021-01-14 07:54
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lcing stability conditions

B:lcefall 1

Warmer temperature: Around -3 °C

Strong winds: Around 13 m/s

Wind speed (m/s)

Low solar radiation: About 150 W/m?

2021-01-07 00-00-00 = 9,00 jours 2021-01-16 00:-00-00
[ ]
C : Persistence

Colder temperature: Around-7 °C
Lower winds: Close to 4 m/s

A . Low to moderate solar radation: between 150
ir temperature (°C)

2021-01-07 00:00:00 SEl o0 jours AP O 2021-01-16 00-00-00 et 250 W/m?

+ SNEEC. MMVAMWMET.H015M.D180deg. Ht.R5.avg10m

D:lce fall 2
e Warmer: Peak at -2°C

Low winds: Around 4 m/s

- Solar radiation (W/m?)

2021-01-07 00:00:00 a = 9,00 jours A < 2021-01-16 00:00:00

High solar raditation: Peak at 450 W/m?




Legend

Icing
Observation
Location

Met Mast 1
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Approaching the turbine
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<. -0

Met \‘m \m

Mast 2 ‘

15 *V

Icing assessment locations on Nergica site

dr= Maximum falling distance (m)
D = Rotor diameter (m)
H= Hub height (m) )
V = Wind speeds at the hub’s height (m/s) 1. Stop turbine remotely
A more detailed analysis and an advanced 2. Go to icing assessment location
simulation may allow the maximum falling distance to . .
be made smaller. 3. Follow ice fall risk assessment procedure
4. Only if ice is stable, follow turbine approach

procedure (details in appendix)

Nergica | 2021



19

When working on a wind farm in icing
conditions

Before the event

Look at the forecast
Be flexible
If possible, select days that have the
lowest HSE risks and least impact on
energy production

Be mindful of ice shed prone conditions

When on site

Gather information on icing conditions:
Turbine state, ice detectors, cameras,
binoculars

Watch for ice shed accelerators: strong
winds, air temperature close to 0°C, high
solar radiation

Follow ice fall risk assessment and
turbine approach procedures

Communicate, build team trust and stay
safe!
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Let’s connect!

CHARLES GODREAU, P.Eng., M.Eng.

Project Manager, Research and Innovation
Email

cgodreau@nergica.com

LinkedIn

linkedin.com/in/charles-godreau/

Web

nergica.com/en/
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Appendix 1: Iced turbine approach — Best practices for
wind farm icing and cold climate health and safety

Evaluate the Presence of Ice Iced Turbine |
+ Validatethe presence of ice with an ice detection method Turbine may be entered — BE CAREFUL
(double anemometry, ice detectors, or power deviation) * Remotely stop the turbine
. Evalfna'te previous mett.eorological conditions (airtemperature, * Stay outside the turbine’s ice throw zone * Stay away from the blades
precuplt.ation, clfaud he|ghf) (approx. 300 meters) * Do not approach alone
* Determine turbine operating state * QObserve with binoculars 8
* Obtain previouswork team information (loghook or calendar) Name a spotter within the team that
| ' continuously observe for shedding ice
' ' . T * Get as close as possible with the vehicle
* Doanyice dgtectuon methods suggest the presence of ice? * Turbine is entirely visible : . Contlnuously observe for sheddlng ice
* |sthe operatingstate related to icing? * |ce has accumulated only on rotor ? o Bkl AR e licabl
* Hassnow, freezing rain, or fog occurred in the last 24 hrs? eploy Ice protection device it app e
» Hasthe temperature been below 3°C during precipitation? No Yes to * One person should leave the vehicle and
» Hasthe previous work team seen iced turbines? to any all ensure that the way is safe and clear for
. the others (leave door open
Yesta iy Notoaii Approach to 90 meters ( pen)
o Stop vehicle outside of the ice throw zone rotor on the ﬂppﬂSl'tE side of the ® OHOQ QVGWOI\Q lS |l'|$|de, dl‘m VQh‘ClQ
* Observe turbine with binoculars access door) back to parking area immediately
| * Observe with binoculars. * Repeat the same steps to exit the turbine
* Isice v:snb!e on.the blac-iesor on'the nacc'elle? As the turbine yaws and when it
» Are there ice pieces or ice shed impactsin the

stops yawing:

vicinity of the turbine? * s ice falling from the blades,

* Doesthe turbine make unusual continuousnoise?

Yes rotor, nacelle or tower ?
Observe 15 minutes
Yesto any No to all
| L ) No
Turbineis probablyiced Turbineis probably Yes [ Wind direction places the access
free of ice. Proceed door downwind of the blades?

Refer to’: - to work with caution.
* Turbineisiced No

Work may not progress Nel‘gica | 2021




