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AIRBORNE DE-ICING SOLUTIONS FOR WIND TURBINES

Foreword

With theincreased demand for renewable energy, the wind powerindustryis
expanding. Thelargest part of the expansionof wind power plants in Sweden takes
placein thenorthern parts of the country. However, the cold climate poses a great
challenge. As temperatures drop, icing forms on the turbineblades, causing
considerable production losses in some wind farms. Several solutions for de-icing of
the turbinesexist, whichare installed on the blades. Still, thereis a need for an
“emergency method” of de-icing, for example when theinstalled de-icing system is out
of order or for turbines thatlacksucha system.

The aim of the project “Heli-deice — De-icing of turbine blade with helicopter” has been
todesign and test a cost effective method of de-icing with hot water, applied to the
turbineby helicopter. Thisreport presents the results from the study.

The project hasbeen accomplished by Hans Gedda (project leader) and Mats Widgren,
Alpine Helicopter AB. A reference group hasbeen assigned to the project, consisting of
Jan-Olov Aidanpad, LTU, Jonas Sundstrom, SKAB, Susann Persson, Jamtkraft, Niels
Emsholm, Eon, and Finn Daugaard Madsen, Siemens. The project has been a part of
Energiforsks research program for wind power, VindforskIV.

Stockholm, July 2016

Asa Elmqvist
Progam manager, Vindforsk IV
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Sammanfattning

Det ar fullt mojligt att kostnadseffektivtavisaturbinbladen pa ett vindkraftverk med
hjalp av en helikopter och varmt vatten for att undvika stillestand pa grund av
isbildning. Metodengar till pa sammaséttsom ndrman avisar ett flygplan, skillnaden
ar att mangor detiluften. Metoden ar inte enbart kostnadseffektiv, den dr dven béttre
ur ett miljoperspektiv da produktionfrannedisade stillastaende turbiner vanligtvis
ersattmed kolkraftverk eller gasturbin vilket ger upphov till ett storre utslapp av CO:
dn vad metoden med avisning med helikopter medfor.

Den hiar rapporten beskriver utvecklingsarbetet fran ett prototypsystem till ett fardigt
system for att utfora en kostnadseffektiv avisning med helikopter och varmt vatten.
Projektethar genomfortssom ett tillimpat projekt, ddr vunna erfarenheter hela tiden
nyttjats och omsatts for det fortsatta arbetet.

Arbetetharresulteratiatt det nu finnsutvecklad utrustning framtagen for att
kostnadseffektivt genomforaavisning med varmt vatten. Denna ar testad under
faltmaéssiga forhallandenikallt klimat och dr operativned till ca -20 °C.

Projektmal:

¢  Metod och utrustning fér avisning med varmt vatten skall varautvecklad och
testad under faltmassiga forhallandeni kallt klimat.

e Projektetska visa att metodenar tillimpbar och kostnadseffektiv.

e Tekniken ska presenterasvid konferenser och seminarium.

¢ Framtagandeavmanual om hur avisningenska genomforas bade sdkert och
effektivt. Manualen ska godkdnnas av Transportstyrelsen och Luftfartsverket.

Projektmalen har uppfyllts och projektet har presenterats i samband med Winterwind
2014 och 2015samt pa Vind 2014 och 2015. Medieintresset har varit stort och projektet
har uppmarksammatsibdde tidningar och radioi Sverige, men dven utomlands.
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Summary

To avoid downtime due toicing, it isnow possible to cost-effectively de-ice wind
turbinebladesusing a helicopter and hot water. Hot wateris sprayed onto thebladein
thesameway as whende-icing an aircraft, the differenceis thatyou doitin theair. The
solution is not only costeffective, but also better from an environmental perspective as
production losses froma wind turbine means it mustbe replaced with alternative
energy, such as coal or gas, which is more harmful to the environment compared to de-
icing with a helicopter.

This reportdescribes the development from a prototype to a complete sy stem able to
carry out a cost-efficient de-icing process by a helicopter and hot water in cold climates
down to-20 °C.Theprojecthas beenimplemented as an applied projectin which the
experience gained is continuously utilized and applied in the on-going development
work.

Project goals:

¢ Method and equipment for de-icing with warm water should be developed and
tested during field conditions in cold climates.

e Demonstrate that the method is applicable and costefficient.

¢ Thetechnology should be presented at conferences and seminars.

e Develop a manual and routines of how to carry out a safe and effective de-icing
process approved by the Swedish Transport Agency and the Civil Aviation
Administration.

All project goalshavebeen met and prove that the airborne de-icing sy stem is

designed, tested and works well in field conditions andis applicable downto about
-20°C.

Themethod makes it possible to de-ice a turbinein about 1.5 h.In order tobe cost
effective, the goal was thatit should not take more than2 hours.

The project hasbeen presented in conjunction with Winter Wind 2014 and 2015 as well
as Wind 2014 and 2015. During the projectit’s alsobeen presented during university
lectures and seminars.
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1 Background

In recent years, theinterestin establishing wind power in cold climateshas increased.
Theestablishment of wind power in cold climatesis an investmentrisk in terms of
reduced production or, in worst case, downtime due toicing on theblades. The
personnel safety risk of ice throw should also be taken into account when
implementing wind turbinesin a cold climate.

Some turbine suppliers offer turbine blade de-icing technology w hich some of their
customers” have chosen to equip their turbines with. However, as the technology is not
without its flaws, several power producers have also deliberately chosen tonot equip
their turbines with a de-icing system that cannotbe guaranteed. Several power
suppliersoperating in cold climates (Vattenfall, Skelleftea Kraft AB) have suffered
unnecessary downtime costs due toicing event.

With experiments conducted in Canada, there are now opportunities toavoid this type
of downtime. The experiments showed thatit is possible to de-ice a turbine blade with
theuseof a helicopter and hot water (without chemicals). The hot wateris sprayed
ontotheblades in thesame way as whende-icing an aircraft toremove theice build-up
— asimpleyet effective method where Alpine Helicopter AB saw opportunities for
further developmentto expedite the process. At owninitiative, Alpinehasdeveloped a
prototype for de-icing solutionequipment for wind turbine blades, with significantly
faster results compared to the Canadian method. This prototype was demonstrated in
autumn?2013 for the operators at Skellefted Kraft AB. While they wereimpressed with
the technology, the method required further development.

As a result, a project was initiated and hasbeen running between 2014-2016, supported
by the Swedish Energy Agency and Vindforskin collaboration with Skelleftea Kraft
and Alpine Helicopter AB. This report describes the work carried through to further
develop this technology.
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2 Method

This projecthasbeen implemented as an applied project.

Themethod to de-ice wind turbines by helicopter and hot water originates from
Canada. They used a system developed by Simplex Aerospace, w hich wasinitially
developed and intended for cleaning power line insulators, however the method was
tooslow tobeinteresting as a de-icing solution for wind turbines. This depended on
the water supply being toosmall, which, together witha high water pressure, worked
morelikea high-pressure washer.

A plastic tank wasmounted below the helicopter, however the tank deformed when
water temperatures wentabove 50 °C. The water wassprayed onto theblade with a
long tube which led to problems at temperaturesbelow -10 °C. The de-icing sy stem
worked more or less like a snow-making machine as the water was dispersed under
high pressure and froze. See Figure 1 below, from tests performed in Canadain 2011.

Takingup toeight hours to de-icea turbine, the project was cancelled due to high costs.

Figure 1. De-icing of a Vestas V90 in Canada 2011

21 PROVEN TECHNOLOGY FORNEW APPLICTION

Sinceit is possible to de-ice an aircraft within fifteen minutes, there was great interest
tofurther develop this method. Reasonably, it should be possible toimplement the de-
icing of a wind turbine with similar equipmentused when de-icing an aircraft. The
differenceis that the only de-icing fluid allowed is hot water; chemicals or other
additives suchas saltarenot allowed due to environmental directives.

10
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.

Figure 2. De-icing demonstration at Uljabuouda Oct 2013

Thefirst prototype equipment wasdeveloped by Alpine Helicopter (ALP-system).
Themain difference between the Simplex and the ALP systemis:

¢ Thewater tankhanging below the helicopter is connected with steel wires.
Thewater jetis controlled with ajoystick.

Thewater pressureis lower.

e Thewater flowis higher.

This madeit possible to de-icea turbinein a similar manner aswhen de-icing an
aircraft and showed tobe much more effective compared to the Simplex system.

Some of the first demonstrations of the system were made in cooperation with
Skelleftea Kraft on site Uljabuouda, located in the municipality of Arjeplog. The test
was conductedin mid-October 2013 before there was any risk oficed blades to show
that themethod was useful and feasible.

Those who attended the demonstration, personnel from Skellefted Kraft AB, were

convinced that the method would work but needed further improvement, development
and testingin a cold climate during winter.

A project application wassubmitted to the Swedish Energy Agency for supportto
develop the ALP-system, a method for de-icing wind turbine blades with warm water
in a similar way as when de-icing an aircratt.

2.2 STAGES

The project hasbeen divided into four stages, which arebased mainly on weather
conditions, as on-site testing can only be performed during the winter months. Stage 1
and 3, which took placebetween April and September, mainly consisted of equipment
testingand development, preparing reportsand attending conferences. Stage 2 and 4
consisted of testing in Uljabuouda and Boden during the w eather conditions needed for
this project. Despite this, there have been longer periods with no ice formation, which
was the case with the tests planned to performat Uljabuouda wind farmin January
2015.Some of the tests and evaluationshave been conducted in the surroundings of
Boden and Riksgréansen.

Project reports havebeen shared regularly withinthe steering groupand Vindforsk.
The first steering committee meeting washeld in mid-June 2014 in Skellefted where the

11
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project plan was presented to the steering committee appointed at the time. The project
began by reviewing theresultsthatemerged during the winter of2013-2014.
Theseresultshavebeen thebasis for further development. With the first prototype ALP
system, it was possible to de-icea wind turbinein three hours. This wasstill deemed a
toolengthy and costly de-icing processtobeof interest. A review of necessary changes
/ improvementsstarted, with the purpose of being a competitive alternative compared
towaiting for thaw. Initially the mostimportant measures of improvement were:

e Theweight oftheequipment —the water tank in particular - must be reduced.

¢ Thewater consumption mustbereduced.

¢ Thewater capacityneeds tobeincreased. A total capacity of 45 m? is necessary to
de-iceat least three turbinesdaily.

e Streamline the de-icing process for a quick and safe procedure.

e Develop an operations manual and a basis for the Safety Operation Procedure
(SOP).

e Receive permission fromthe Civil Aviation Authority (Luftfartsverket).

Figure 3. The old prototype tank

23 EQUIPMENT

23.1 Water tank review

When filled with water, the prototype tank (see figure 3 above) wasclose toreaching
thehelicopter’s totallift capacity, another reason to reduce the weight. The only
options available were to either reduce the tank weight or use a helicopter with higher
load capacity. Thelater was assessed uninteresting, as it would increase flight time —
and costs for thesame—leadingtoalack ofinterest.

Based on previous experience, some suggestions for a new tank design were discussed.
Weight reduction was essential, as wellas ensuring that the pump housing was placed
beneath the water level to avoid pump air suction. On the old prototype tank, where
the pump house was mounted high, filling water directly into the pumphousing
solved this problem. The material options available for the manufacturing of new tanks

12
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were plastic or aluminium. Aluminium became the final choice, mainly as the material
can bewelded and that constructional changes are possible, whichare more difficult to
implement with plastic. Water left in a tank made of plastic freezesand cancause frost
damage. Plastic also softens athigher temperatures. The requirements were:

e Arobust, strongand lightweight construction.

e Protected mounting for the pumphousing and pump motor (compared to the
prototype tank).

e Mustbeabletobefilled with800 litres of waterin a short period of time.

Several layoutswere discussed and all connections w ere considered whenlooking for
low weightmaterials. Icing in pipes and waternozzles had to be minimized. It wasalso
important to consider the aero dynamical properties in the designas the old tank
swayed more thandesired. Anumber of changesand improvements were made until a
satisfactory result was reached. The final tank layoutis shownin figure 4 below.

Figure 4. Final tank layout

As canbeseenin thefigureabove, anumber of changes are done compared to the
prototype tankin figure 3. Tubes and connections are more protected and the pumps
are positioned below the water level whenthe tankis filled. The total weight reduction
isroughly 150kg—a considerableamountin this context.

2.3.2 Increased water capacity

In order to createa cost effective method, it is necessary to ensure the water volume
capacity is enoughto de-ice three turbines daily, approximately 45ms3at 50 °C. The total
water volumeavailablein the truckis 16m3, enough to de-ice one turbine, hence not
meeting the requirements. Since de-icing will occur during cold w eather conditions, it
isimportant toadaptall equipmentto fillup, heat and transfer the water from truck to
trailer and vice versa. Pumping, heating and handling water in severe cold conditions
has been one of the project’s biggest challenges.

A trailer was adapted tomeet the requirements for water heating and transport. The
requirement was that the trailer should be able to serve the water needs without the

13
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presence of the truck. The truck must be able toleave the site for water refill if
necessary.

Thetrailer (seefigurebelow) wasrebuilt and provided with

e Anoil burner.

e 240V/24V fuel genset generator for battery charging and for heating of vital
components in the helicopter during the night.

e Alllights wereswapped for LED to decrease powerneed when parked.

¢ Flashlights were mounted for visibility when parked on thesite.

e Separatetanks were mounted for both petroland oil.

e Worklightswere mounted.

e Larger pipes wereinstalled for quick water handling.

e Fasteners werefixed to the sides for tube transportation.

Figure 5. Adapted trailer at Uljabuouda January 2015

Test and development

Several testshavebeen conducted to secure the equipment’s accessibility. Most testing
was carried out in the vicinity of Boden, where a huge old military training ground was
used for activities demanding enough space to fit the truck, trailer and helicopter at the
same time. The training ground is located close to Lulea River, which wasessential for
good water access. After completed attempts, leftover water was emptied backinto the
river.

14 Energiforsk
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Figure 6. Water filling in progress

It takes 20 minutes to completely fill up the trailer with water and 6h to warm the water
from 0 °C to 60 °C.

233 Water pump, temperature and cavitation

Thewater quantity needed for the de-icing process, as well asthe water temperature
wasreviewed. In order tobeeffective, it required using the smallestamount of water
possible at the lowest possible temperature. The blade manufacturer recommendations
werethattheblade canwithstand a temperature ofnomore than 65-70°C.

Duringone test session, there were problems with thelength of thewaterjet asit was
halved compared to the experiments conducted the previous day. At firstan error with
the pump engine wassuspected, but once concluding that was not the case, the pump,
nozzles and other attachments were replaced without success. After severalhours of
troubleshooting, the team was forced to discontinue. With plenty of 75 °C water
available, it wasdecided to conducta new attempt the following day.

Surprisingly, everything worked perfectly the next day. However, as theunderlying
causes werenot known, it wasimportant to understand whathad happened toavoid
this problemin the future. After a few daysofresearch, cavitationin the pumphouse
was diagnosed as theissue.

Cavitation may occur whenlocal static pressurein a fluid reachesa level below the
vapour pressure of theliquid at the actual temperature. According the Bernoulli
Equation, this may happenwhen the fluid acceleratesin a controlled valve or around a
pump impeller. Generally, cavitationcan be avoided by increasing the distance
(pressure difference) between the actual local static pressurein the fluid and the vapour
pressureof thefluid at theactual temperature. This canbe doneby reengineering
components initiating at high-speed velocities and low staticpressures, increasing the
total or local staticpressurein the system or reducing the temperature of the fluid.

The solution is simple: reduce the water temperature. The guideline for the maximum
water temperatureis set to 55 °Ctoavoid cavitation. Anotherbenefit of low ering the
water temperatureis a decreased risk of burns for the de-icing team.

234 Water Pump

A gasoline engine driven pump with controllable pressure and capacity is the solution
that worksbest together with the two pump housings tested.

15
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After several tests, bothon the ground and with equipmenthanging below the
helicopter, a combinationwas found that was used during de-icing tests. An important
part of this was also the cablelength between the helicopter and the water tank. A
number of wires were tested — short, medium and long, finding that with long wires
gavethebest results, namely:

e Thewater tankdid not sway as much.
e Themovement that did occur was easier to adjust compared to the prototype tank.

The expected problemswithan increase of oscillation with long wires did not occur,
the theorybeing thatthe rotor wind that passes around the water tank’s sidesalso
stabilises it. If the water tank washanging higher up, then the rotor wind would not
pass thesides of the tank, making it more turbulent. It is the same phenomenon as if
driving closely behind a truck at higher speed — it will cause turbulence.

Much of this work was carried outin Riksgransen where a helicopter was stationed
duringthelatter part of the winter season 2014 and 2015. This is also where maximum
flight speed, searchspeed range to minimize vibrations, and appropriate wirelength
weretested. The weight difference between an empty and full tank is 800 kg, which
alsoinfluences the movement. Some of this information is used in the safety operation
of procedures, e.g. max flight speed.

Part of the development included looking over the connections between the helicopter
and tank. Therequirement is that the process of replacing water tanks should be quick
and easy. The connections musthave good contact for transmission of signals from the
joystick, to control the waterjet. At the same time, the requirement for a quick release
in the case of emergency mustbereached. The flight safety regulations state that the
load must beabletoreleaseif problems arise with the equipment or helicopter.

Figure 7. Test activity in Riksgransen

16
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2.35 Nozzels

Even thenozzles havebeen subjecttoa review as the pump capacity hasincreased
compared to the prototype equipment. Some of thenozzles testedare featured in the
figurebelow.

Figure 8.Selection of nozzle for test

NozzleNo.5 from theleft became the final choice for de-icing. It is a flexiblenozzle as
itis very easy tochange theinserts, theblack partofthenozzle, to change the waterjet
image, seefigure9 below. Therequirement was an overall hitrange of the water that
holds together withoutbeing too affected by the rotor wind. Thenozzle should alsobe
self-drained whendirected downwardstoreduce therisk of icing.

'i

—

Figure 9. Final nozzle choice

A numberofnozzles were tested with regardsto thelengthof thejets, how fast they
empty the tank and what temperature the water is expected tohave when it hits the
blade.

Thewater temperature drops fastafter it leaves thenozzle. At a water outlet
temperature of 63 °C when it leaves thenozzle, the temperature could be measured to
33 °C at a distance of 20 m after thenozzle outlet and at 30 m, the temperature had
dropped toabout18 °C. The water was easily captured in a bucket where the
temperature was measured witha digitalthermometer. The ambient temperature was-

17 Energiforsk
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20 °C at this occasion. The ambient temperatureranged from -5°C to-20 °C at the
different test occasions.

For transportation of water tanks and other equipmentsuchas engineice drilland
snowmobile, a covered trailer was used. When notused for transportation, it worked as
a mobile workshop for repair and overhaul of equipment due to theneed of a sheltered
placewhen it waswindy and cold. In the future the trailer will be equipped with
heating facilities.

Thewind chill effect is important to take into account for personnel workingin cold
climate. When it is windy, the experienced temperatureis colder than the actual
temperature. Therateat whichthebodyis cooled down does not only depend on the
temperature of the air but also on the wind speed.

Table 1. Wind chill effect

10°C goC a°c -5°C -10°C -15°C
2,5m/s 8 4 -3 -9 -14 -19
5,0m/s ] 2 -6 -13 -18 23
7.5 m/s 4 0 -9 -17 -22 -27
10,0 m/s 2 -3 -12 -21 -26
13,0 m/s 0 -6 -15 -25
18,0 m/s -4 -12 21
20,5m/s -6 -15 -24

The stronger the wind the colder it will feel. Squares colored red indicate actual
temperatures where unexposed skin will suffer from frostbite in justa few minutes.In

other words, you may suffer from frostbite at temperatures that are only just below
zero Celsius if the wind is strong enough.

Figure 10. To the right inthe figure, combined trailer and mobile workshop.

18 Energiforsk
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24 DE-ICING TEST AT UUABUOUDA WIND FARM

The team has been at Uljabuouda Wind Farm three times since the project was
initiated. The first time was in 2013, when the technology, the opportunities and the
advantages that this method provides, were demonstrated. The second time wasin
2014 when two de-icing tests were carried out and thelast time was in the beginning of
2016.

In mid-January, Skellefted Kraft AB informed that their production wasreduced since a
weekago. This wasduetoicingon thebladesand their existing de-icing sy stem was
not abletoremovetheice from the turbineblades. The weather forecast was good:
sunshine, good wind availability and around -20 °C. The conditions were the best
thinkable to show that the method works when there areno other solutionsavailable
than towait for thaw.

A de-icing team of four members and one photographer were put together. The
mission wasto carry outand document de-icing tests at Uljabuouda.

Figure 11. The whole de-icing team at Uljabuouda

The temperatureat Uljabuouda wasabout-16 °C, which is the perfect condition to test
all theequipment. Theequipmentis deemed tobe operational downto-20°C, which is
alsothelowestallowed temperature to operate in according to the SOP (Safety
Operating Procedure).

Two turbines were de-iced during the tests. The first turbine to de-ice was Uljabuouda
No 8, which delivered approximately 460-500kW at a wind speed of about9-11mps.
This is approximately 20 % of expected power productionaccording tothe P/ W curve,
see Figure12 below.

19
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30

According to the turbine power curveit should deliver around 2.5 MW ata wind speed
of 9-11 m/s. The de-icing process was completed in 1,5 h, during which two thirds of
thetotal bladelength wasde-iced.

_ CurrentConfig.tsm - TwinCAT System Manager

File Edt Actions Wiew Cptions Help

] [=] X3

IOl &E f e D6k d = e v a8 0 &%

o
=l

“EleleqlRlesded ?
I N s

Server (Port)

(DTCPLC.Plcau.
(DTCPLC.Plcau.
Arreon - oicn
aeady

1 in_bOBer24VDCPowersNCCZI Ok
M il w3 Uliabuouda - Turbine _user: julli

1,14/2016 10:11:13 AM

L Turbine Gear Generator Grid HydrauliifVaw Inverter Operation Ice Detect Pich Parameters Service Scope Users Info Close

.‘ Selecturbine L | 1 |[a| 3| 4| s| s| 7| 8] 0]

s
1/14/2006 10:11:13AM | i | WwD3 Uljabucuda - Turbine:

Time: Alam SD | Brake | Poner | Pach [a]
Jf2016/01/12 10:0054.324 [ 2 bOperSATTestiodzst 6oz [e1o 7.7 |81 gk
Mz2e/01 e 035100811 |5 60 8031 |E10 03 |18 how
[ 2016/01/13 0955:29 442 | & bGridAwaitinaiwind 3016 B10 11.4 18 B100s
- [ Z01E01/13 03,50 25356 [ b 306|610 06 [13
1 [ 2016/01 1303 45.08.164 [ bGiidAwaitinciwind 306|810 16|18 |-

1

Local Connection
] 449.2 kW

START RESET STOP  TURBINE  AIS Reset 274.0 rpm

°
O @ @ tea O 1.8
Operation Mode AlS Fault
N N Ve

@ — E m—
]

—
| = L |
. I
1
1

Wind Difference Nacelle
Outdoor g
fimi -18.1 C 153 87 73

Gen speed
tpm

27400 Bm
Wind

927 mis

Fitch Angle

Tr20s

T/60s

e,

Gear"

Figure 13. Production WTG 8 before de-icing 450-500 kW

After completed de-icing, the wind had reduced to around 6-7 m/s. In spite of this, the
turbine produced 550-600 kW, slightly more than at the beginning of the de-icing
process, butat amuchlower wind speed. Laterin the evening, the wind speed
increased to 10-11m/s; increasing production to 1.5 MW, see Figure 14 below.
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Duringthenight, the wind speed increased to 13-16 m/s and the power production
increased toabout3 MW, whichis what the turbine should be able to produce.
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Figure 15. Full production WTG 8.

Thenext day WTG9 wasde-iced.
Turbinestatus before de-icing:

e Power production: 2-2.1 MW, about 66 % of expected production according to the
P /W curve.
e Atemperatureof-12 °C; wind speed 13-16 m/s.
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Immediately after completed de-icing, productionwent up to3 MW, which is the
maximal power the turbine can deliver, see Figure 16 below.
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Figure 16. Full production WTG 9

25 AVAILABILITY AND GUIDELINES TO DE-ICING

Thereis currently only one complete de-icing sy stem ready for use. Time for
establishmentat sitein northern Swedenis estimated at about24 hours fromrequest
until a team is established at site. It should be possible to de-ice about three turbines
daily during the darkest period during December andJanuary. During November and
February, it should be possible to de-ice a total of four turbines a day whenthe sun sets
later. At the same time, demand for water willincrease by approximately 15m? to cover
theaccumulated need. The trailer's water capacity is sufficient to de-ice two turbines.
Thetruck canleavethesitetoberefilled with water, which means that the increased
water demand canbe met provided thatthe day starts by emptying water from the
truck's tank.

Thebiggest problem is not that the system is suspended below the helicopter, but
rather thatit is adapted to different helicopter types. The biggest challenge, particularly
in winter, is toheat and transport the water and related management. You can also buy
hot water fromalocal districtheating plants and fill the truck and trailer tanks. This is
a better alternative from an environmental perspective compared to heating the water
with oil. Another aspect tobe takeninto account is the distance between the siteand
the districtheating plants. This method was considered for this projectbut
unfortunately the water cost wasdouble the price of heating it. W ater pricesmay vary
in different locations.

As thereisno protocol as to when — and under which conditions— de-icing should be
implemented, the decision is based solely on an agreementbetween the customer and
supplier. Thebasis for thisis cost-related issues, as well as a safety and environmental
perspective, as de-icing witha helicopteris not a first choice method. Thereis alsono
recommendation on when to carry out de-icing with thismethod. It is therefore
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important to conducta thoroughanalysisbefore de-icing. There are, however, four
important guidelinesto takeinto accountif considering de-icing:

1. The turbine generates power with greatly reduced production orno production at
all

It isimportant to make a careful analysis of the conditions you expect over the next few
days:

e theriskofnew iceformation on theblades
e theexpected wind availability for thenext 72hours
e energy prices

SMHI or Kjeller Vindteknik can provide w eather-related forecasts. Kjeller can deliver
daily forecasts oficing eventsfor thenext48 hours during winter, information thatis
updated four times daily. A map shows a forecast of whereicing can be expected to
occur, its intensity and the expected ice accumulation.

Short-term prognosiscan be used toindicate when thereis a risk ofice throw from the
turbines during operation. This is valuable informationrelated to the security of
personnel, but also for the general public that’s sometimes is present atsite.

These forecastsare developed by Kjeller Wind Technology and arebasedon a
developmentthathas taken placein close cooperation with VIT in the Wind Pilot
Projects. Withthese models, Kjeller providesa forecast of losses caused by icing,
makingit a useful tool for us, but also for turbine owners to assess when toinitiate de-
icing. Within the project the team has had some contact with Kjeller but also with
others suchas SMHI. These forecasts then become a useful tool in the process of
deciding when it is justifiable to use thistype of de-icing method.

2. From a safety perspective, anyice on the blades mustbe removed due to the
dangerof harming personnel or persons of the public staying in the vicinity of the
turbines.

Figure 17. Damage to the roof of the building and the car, caused by ice throw on the site

In cases whenthereis a risk of personal injury or property damage, the wind turbine
ownersare utmost responsible for the safety. Therehavebeen reportsof wind farms
being forced to close down, due to the safety not being guaranteed. The mostnoted
incident caused by icing wasthe downtime of a Swedish wind turbine during the
period November 2002 - January 2003. For about two months the turbinewas ata
standstill with ice on theblades and without the ownersbeing able to do anything to
resume operations.
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For thewind powerindustryin general, the main issueisn’t the value of production
losses. Tobe able to guarantee supply when there are prerequisites for operation, i.e.
during good wind conditions, is a far more significant question. Unless the industry
itself takes on a responsibility for the opportunity to de-ice withina reasonable time,
the Swedish Energy Agency should consider a future governed requirement for a large-
scaledeployment of wind energy in cold climates.

3. Therisk of mechanical damageto the bearings and gearboxes.

Theice doesn’t form symmetrically on the turbine blades, which can cause imbalance,
which in turn can cause damages to the gearboxes. If the turbines are at a standstill for
a longer period, at least five to six weeks, damages canalsobe caused to thebearing.

4.Ice canloosen and damageotherblades.

Therehavebeen several reportsofice striking blades going upwards, which has caused
damagetotheturbineblades. This is another reason toremove theicein as a controlled
manner as possible.

2.5.1 Increased availability

Therehasbeen recentinterestin the possibility to use the de-icing equipment for
washing theblades, which is possibleif you replace the water nozzle. Using an
environmentally friendly detergentto dissolve the dirtand insects, you thenreplace
thenozzleagain torinse off with warm water. In light of this, more sy stems will be
probablybemade available for use of both de-icing and cleaning, thus increasing the
availability. Together with Dalavind, tests for washing turbine blades were carried
through in thebeginning of June2016.

2.6 THE ENVIRONMENTALIMPACT OF CO, AND ENERGY CONSUMPTIONS

Estimations for CO: in a de-icing projectis unique as the calculationis dependent on
factorsrelated, butnot limited, to:

e Thedistancetothewind park

e Thedistancebetweenthesiteand night’s rest location
e Prognosis foriceand wind

e Thecurrentcost of fuel

With this method now available, it will be easier to find finances and stakeholders for
projects in the future. nsurance companies have also shown an interest in wind farm
ownersusing this method ifit is deemed necessary.

Calculation of de-icing ten turbines at Uljabuouda (3 days)

Theround trip Boden-Uljabuoudais 500 km, anticipating it would take three daysto
de-icing ten turbines. Additionally there are transports between Arjeplog and the site —
about 50 km /day - for night’s rest. Apart from the truck, the de-icing team usesa van
for transporting personnel and equipment.

Flight time Boden-Uljabuouda-Boden is approximately 1.6h. Flight time on the siteis
estimated toroughly 4 hours /day. The helicopter consumes178litres/hour and emits
about 450kg CO: /h. Total flying time for the assignmentis: 1.6 +4 * 3=13.6 flight
hours.
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Thetotal distance travelled by truck and van in the example would be:
500 km +50km * 3 =650 km.
Fuel consumption for the truckis 0.28 1/km, calculated emissions is 0.76 kg CO2/km.

Thevan,a VW Pickup, consumes0.0861/km, calculated emissions of 0.225 kg CO: /
km.

The oil burner’s power output is 260 kW . Fuel consumption is approximately 301/h.
Theincineration of 1ms3 fuel oil produces about 2,661 kg of CO:, providing 2,661 kg
CO: / litrefuel oil. Theincineration of fuel oil produces about 69kg CO2 / h atan
output of 260 kW . It takes about 6 hours toheat 15m? of water from 6° to 55°. The total
amount of water toheat for the examplebecomes 15m3* 3 *3 = 133m?3. Total time to
heat thewateris 6 hours*3* 3 =54h for theentire period.

Table 2. CO, emissions to de-ice Uljabuouda wind farm

Vehicle/Equipment Total emissions Fuel
CO?kg consumptions
total litres
Truck 650*0,76 494 0,28*650=182
Van 650%*0,225 146,3 0,086*650=55,9
Helicopter 13.6*450 6,120 178*13.6=2,421
Water heating 54h*80 3,726 54*30=1,620
Total 11,080 4,279

Theenergy contentis similar for all inputfuels, about 9.8 kWh /litre.
Total energy used in the formof fuelis 9.8 * 4,279=41,934 kWh=41.9 MWh.

Overall, it provides a release of about 1,100kg COz2 / turbine for theexampleabove
with ten turbines. De-icing should only be performed when there are high expectations
for good wind accesswithout therisk oficing.

In the Nordic system, emissions-intensive coal power plants are currently valued as
marginal electricity. When demand is high, these power plants start up when other
productions (mainly hydro, nuclear, cogeneration plants and wind power) arenot
sufficient to cover demand. In the production of marginal electricity, a coal power
plants releases (coal condensing) between.75 t00.97 kg of CO:, depending on the
efficiency of each kWh produced, according to the Swedish Environmental Research
Institute.

A wind turbine of 3 MW = 3,000 kW produces about 33 % of installed capacity over the
year, givingan average of 3,000 *0.33 = 1000 kW /h.

When producing marginal electricity, emissions of CO: arebetween750-970 kg /h in a
coal power plantto cover the shortfall of a standstill plant. Witha gas turbine, the
corresponding emissionsareabout500kg/ h.

To reduce the emission of CO>, the method to de-ice the wind turbines by helicopter, is
a better option thannot doing anything at all. Thisis both from a financial and
environmental perspective, as the wind turbines otherwise would havebeen ata

standstill with no production at all. The energy consumption for de-icing ten turbines is
about 41.9 MWh.
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After about 4.2 hoursof production, these turbines— with 33% availability — have
delivered the energy required for de-icing. This means that benefits of de-icing with
this method are greater, as it should only be implemented if expecting good wind
access over thenext few days.

If reducing thenumber of turbines to de-ice, or if the travel distance to other sites is
much farther, the method will outcompete all power generation from coal power or gas
turbine (marginal electricity production) withina few hoursin reference to greenhouse
gases, CO2 and power consumption.

2.6.1 Fuels

Oil is used toheat water and cleandiesel fuel for trucks and other vehicles. Other
options, such asmaking use of fuel with a mixture of rapeseed oil, were examined. A
mixture of rapeseed oil works well down to a temperature of about-20°C, below that
temperature the fuel becomesslow flowing. This caused major problems last winter
when the temperature dropped to-34 °C. Diesel vehicles and the fuel burner stopped
working. In this context itshould be mentioned that during the finaltests on
Uljabuoudait was -32 °Cin Arjeplog, but "only" about -16 °C on site. It is not unusual
that it is warmer athigheraltitudes during the winter. Whentravelling long distances,
making overnight stops whereit is usually significantly cooler than on site, it was
decided not touse fuels that can cause problems. When environmentally friendly
alternative fuels that can handle extreme cold are made available, they willreplace the
fuel used today.

2.7 PARALLEL ACTIVITIES WITHIN THE PROJECT

In parallel withthe on-going work during the project, it wasnecessary to develop
routinesand design documents, namely:

e SafeJob analysisRisk assessment
e StandardOperational Procedure (SOP)

These documentsarerequired to carry outthistype of mission. The SOP is written in
Norwegian and approved by Luftfarttillsynetin Norway. An approvalin Norway also
gives approval in Sweden.

Being such an extensive operation, there are plenty of things to take into consideration
before carrying out a project of this size. Here are a few examples of important routines
that havebeen verified:

e DPositioningoftheblade.

e Thehelicoptersposition against the wind direction.

e In andout flight from the turbine.

e Personnel security in and around the helicopter and water filling process.

The project hasbeen in contact withseveral wind energy companies operating in cold
climates, as wellas with the wind turbine manufacturers to receive approval for the
application of this method. Unfortunately the attempts have not beenas successful as
desired; hence thisis stillan on-going pursuit.

It had been easier to get attention for this method during the projectif the seasons 2015-
2016 had resulted in as much difficulty with icing as in 2010-2011 and 2013-2014.
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However, severeice formationfollowed by long periods without risk of furthericing
will comeand then also an interestin this method.

It is alsoimportant toremember that this method should only beused whenthe
turbinesarestanding still due toicing and one expects good wind conditions in the
next three days without the risk of new ice formation. Productionloss of a turbine
during normal wind conditions is about 20,000 SEK/ day.

The project hasreceived considerable attention, both nationally and internationally in
new spapers and on theradio.

The comingicing season, Norrbotten Media and Swedish Television (SVT) are planning
news coverage on the method in the winter season2016-2017.
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3 Results

This project shows that by using thismethod, costs will berecovered within48 hours
compared toareduced or no production. From an environmental perspective, thisis
alsoabetter optionthan a turbine at standstill where the energy source needs tobe
replaced withmarginal electricity suchas coal or gas. As thismethod is not
recommended as a first choice, careful consideration should be made before attempting
this process. The project contributes to the development of new servicesand the
profitability willimprove for the wind turbine owner.

Project goals:

¢ Method and equipment for de-icing with warm water should be developed and
tested during field conditions in cold climates.

e Demonstrate that the method is applicable and costefficient.

¢ Thetechnology should be presented at conferences and seminars.

e Develop a manual and routines of how to carry out a safe and effective de-icing
process approved by the Swedish Transport Agency and the Civil Aviation
Administration.

While thereis space for smaller improvements, all project goals havebeen metand it
hasbeen proventhatthe airborne de-icing sy stem is designed, tested and works well in
field conditions and is applicable downto about-20 °C.

Themethod makes it possible to de-ice a turbinein about 1.5 h.In order tobe cost
effective, the goal was thatit should not take more than2 hours.

The project hasbeen presented in conjunction with Winter Wind 2014 and 2015 as well
as Wind 2014 and 2015. During the projectit’s also been presented during university
lectures and seminars.
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Method and equipment for de-icing with warm water is developed and
tested during field conditions in cold climates. The technology is applicable
and cost efficient. The technology is presented at conferences and seminars.
The Swedish Transport Agency and the Civil Aviation Administration approve
manual and routines of how to carry out a safe and effective de-icing process.
This airborne de-icing system is designed, tested and works well in field condi-
tions and is applicable down to about -20 °C.

Another step forward in Swedish energy research

Energiforsk — Swedish Energy Research Centre - an industrially owned body dedicated to me-
eting the common energy challenges faced by industries, authorities and society. Our vision is
to be hub of Swedish energy research and our mission is to make the world of energy smarter!
We are actively meeting current energy challenges by developing new ways to store energy,
helping to create a fossil free transportation system, establishing new market models for the
heat and power sector, developing new materials and regulating the grid. www.energiforsk.se
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