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Abstract—Ice events in Norway can cause outages on overhead 

power lines, which may last several days. This is due to the 

specific conditions in Norway including: very non-uniform 

distribution of ice loads due to varying topography, very high 

local ice loads (sometimes up to 100 kg/m) normally covering a 

few spans in remote areas, which are not easy to reach in short 

time, especially during snow/ice storms. At present mechanical 

methods for ice removal using helicopters are mostly used by 

Statnett. The recently started project Icebox, supported by 

Statnett and Norwegian Research Council, has as one of the goals 

the development of concepts of the most promising modern 

technologies to reduce and remove ice from phase conductors 

and shield wires. A specialized workshop attracting about 80 

persons from all over the world was a starting point for the 

evaluation of the most promising technologies for Norway. Based 

on the information from this recent event the paper provides 

comprehensive state-of-the art review of the existing technologies 

for ice reduction and removal including, according to CIGRE 

terminology, both passive and active methods. All these 

technologies are presented with their pros and cons. 

Keywords— Ice load, ice reduction, ice removal, shield wire, 

conductor  

I. INTRODUCTION 

Ice events in Norway can cause outages on overhead power 

lines (OHL), which may last for days. Based on service 

experience, the specific conditions for Norway are defined as 

follows: very non-uniform distribution of the ice loads along 

the OHL due to varying topography, very high local ice loads 

(approximately 100 of kg/m in certain areas) normally 

covering a few spans only, and remote affected areas, which 

are not easy to reach in short time especially during snow/ice 

storms, see typical example in Fig. 1.  

 

Fig. 1 Rime ice accretion on Statnett overhead power line. 

At present mechanical methods for ice removal using 

helicopters with a “striking” pole are mostly used at Statnett, 

see example in Fig. 2.  

 

Fig. 2 Example of “typical” ice removal deployed by Statnett. 

It is interesting to note that most of Nordic countries use 

similar methods, however, normally from ground and often 

using just insulated ropes, see examples in Fig. 3 (J. Bartsch, 

A. Eliasson, M. Jalonen). However, alternate effective 

methods are available world-wide. It is of interest to 

investigate the alternatives to decide if they are applicable for 

the Norwegian conditions with high ice loads. The recently 

started project Icebox, supported by Statnett and Norwegian 

Research Council, has as one of the goals the development of 

concepts of the most promising modern technologies to reduce 

and remove ice from phase conductors and shield wires. These 

two components are treated separately as one impacts more on 

the design of the line (shield wire), while the other is more 

maintenance related (phase conductor). However, the 

countermeasures should be applied for both components, 

otherwise, the ice-freed conductor will only reduce the 

clearance to the ice-covered shield wire. Other parts of the 

Icebox project will contribute with ice load mapping to 

identify areas/OHL sections possibly affected and ice events 

prediction, which can contribute in preventive maintenance 

actions. A specialized Icebox Workshop (further called 
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Workshop) held in Oslo in October 2018 attracted about 80 

specialists from all over the world and was a starting point for 

the evaluation of the most promising technologies for Norway. 

Based on information collected at the Workshop this paper 

provides comprehensive state-of-the art review of the existing 

technologies for ice reduction and removal. Most of the 

illustrations are adopted from the relevant presentations 

referred as the name of the presenter. Only technologies 

potentially applicable for Statnett conditions, are reviewed. 

For these technologies pros and cons are presented in relation 

to the specific conditions in Norway. Norway is affected 

mostly by in-cloud icing and less by wet snow. Technologies 

are evaluated for different service cases, e.g. normal OHL and 

fjord crossings. Existing conductor bundles used by Statnett 

include simplex, duplex and triplex. 

 

 

 

Fig. 3 Application of insulated ropes for ice/snow removal in 

Sweden (up), Iceland (middle) and Finland (bottom). 

II. INTERNATIONAL GUIDELINES AVAILABLE 

Only two CIGRE Technical Brochures (TB) related to the 

issue of ice reduction and removal are available at present (no 

any IEC recommendations), i.e. TB 438 (2010) [1] and TB 

631 (2015) [2]. Only one chapter 7 of TB 438 is directly 

devoted to “Operative and design systems for anti-icing and 

de-icing” providing a short overview on what was available 

about ten years ago and dividing the countermeasures into 

passive and active. TB 631 is devoted only to anti-ice coatings, 

i.e. rather small portion of different ice reduction methods, 

however its strong contribution was development of minimum 

technical requirements for test methods to characterize and 

verify the coating. Current CIGRE activities in this area are 

limited to the newly-created CIGRE WG B2.69 (to be finished 

in 2021), which will follow-up TB 631 and summarize recent 

data on anti-ice coatings (including coatings for phase 

conductors and shield wires). Thus, not so much could be 

directly achieved for the needs of IceBox project through the 

general international CIGRE knowledge.  

III. EVALUATION OF DIFFERENT TECHNOLOGIES FOR ICE 

REDUCTION AND REMOVAL 

A. Removal of shield wires 

Shield wires are the critical component of the OHL during 

icing events, because when heavily iced, they sag closer to the 

phase conductors and flashovers may occur between the shield 

wire and phase conductor. The first simple countermeasure 

might be removal of shield wires from the critical section of 

the OHL which is known from some countries. This would 

affect the lightning performance of the OHL because often ice 

affected areas are also related to highest ground flash density 

(top of mountains) and high soil resistance (rocks). However, 

the lightning performance of OHL with and with partially 

removed shield wires can be calculated and the reduction of 

performance can be compensated by optimal installing of line 

arresters. Actual location and requirements for optimal 

installation of line arresters in one, two, or three phases can 

also be calculated, as well as the impacts of shield wires 

removal on step and touch potentials in the vicinity of the 

towers. However, it is important to consider Statnett’s specific 

requirements on safety and communications, which basically 

require continuous shield wires. Fig. 4 shows a special 

temporary arrangement considering this issue. Depending on 

the environment, burying of the shield wires and OPGW 

(optical ground wire) may lead to rather expensive and 

sometimes impractical designs, requiring e.g. building of 

additional supports or even tunnels.  

 

Fig. 4 Example of shied wire placed at the ground level in remote 

mountainous area. 
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Thus, the ranking of alternative solutions based on 

practicality, relative cost, ease of implementation and 

maintenance requirements is vital for further investigation. 

Electrical and mechanical performance of OHL if stringing 

shield wires below the conductors shall also be investigated.  

B. Anti-ice coatings 

Theoretically, passive methods using anti-ice coatings are 

a very attractive option, which might reduce ice on both shield 

wires and phase conductors. Earlier, in 2011-2013 Statnett 

investigated several prototypes of coatings including one 

super-hydrophobic and the results were considered as 

“positive indications, requiring more investigations” [3].  

At the Workshop, the status of the research on coatings was 

mirrored in few contributions. One of the applications with 

positive indications was only for wet snow (Pietro Marcacci) 

and thus it is questionable if this type of coating may be 

appropriate for typically heavy rime ice conditions of Statnett.  

A few research teams presented positive indications for 

improvement of anti-icing performance using super-

hydrophobic coatings, see example in Fig. 5 (G. Momen, S. 

Kolosov). However, it was also presented that super-

hydrophobic effect can only be achieved by surface treatment. 

Increasing of roughness would in this case lead to the increase 

in pollution on surface, which would then mask the desired 

excellent super-hydrophobic properties and make possible for 

the first thin layer of ice to accrete. As soon as this layer is 

created, new water droplets will not “feel” the effect of the 

super-hydrophobicity and the accretion will continue as ice-

to-ice, i.e. in standard way (S. Kolosov).  

 

 

Fig. 5 Example of positive indications for improvement of anti-

icing performance using super-hydrophobic coatings: top – 

Canada; bottom - Russia. 

Also, coatings are still in prototype stage and are not 

properly investigated for such important practical issues in 

service as e.g. integrity while stringing and integrity in long-

term (affected by e.g. corona from energized conductor).  

C. Counter weights, rings, wires, tapes 

One of the well-known passive methods (countermeasures) 

in this group is application of counter weights (Fig 6, right) to 

increase the torsional stiffness of conductor spans. Laboratory 

experiments and service observations in several countries 

confirmed that this device can limit the formation of 

cylindrically-formed deposits of wet snow (main experience) 

and ice by limiting the rotation of a conductor resulting from 

eccentric snow/ice loading on its windward side. With 

eccentric loadings, shedding caused by gravity and wind 

forces is facilitated. Different devices in this group were 

reviewed in two comprehensive presentations (S. Sugimoto, 

M. Mito). It is important to assess the impact, which weights 

can have on rime ice accumulation.  

 

Fig. 6 Example of passive countermeasures: ring (left) and 

counterweight (right). 

Another interesting passive method to reduce wet snow 

accumulation is the use of rings around the conductors (Fig 6, 

left). The snow tends to accumulate on the top of the 

conductor and starts slide down along the direction of the 

strands, as shown in Fig. 7. All OHLs in Japan, except for the 

Okinawa region (where snow issues do not exist) are equipped 

with snow rings. The OHL with simplex conductors are also 

equipped by counter weights. According to previous research, 

the conductor rings are only effective for wet snow. 

 

Fig. 7 Example of forced start of snow sliding using the rings. 

Similar effect as created by the rings may also be obtained by 

wires (spiral rods) wounded in opposite direction to the 

strands (see Fig. 8, upper) or by PTFE tapes, see Fig. 8, bottom. 

The tape can also be treated as some coating. It is important to 

assess the impact that the spiral rod has on the long-term 

performance of the conductor, its surface and, especially, 

vibration. 

 

 

Fig. 8 Example of wires (spiral rods) wounded in opposite 

direction to the strands and PTFE tape applied on the 

conductor (a concept similar to the ring). 
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D. Ferromagnetic spirals 

This method, described in CIGRE TB 438, is considered as 

active coating, i.e. active method requiring some electrical 

energy to be effective. This is a well-developed method, which 

was originally developed and mainly used in Japan for about 

20 years, but also recently in Canada as a trial [4]. The system 

uses a ferromagnetic wire around the conductor to create a 

positive temperature of the energized conductor surface, when 

the temperature is low. Instead of absorbing energy from the 

electric field, the ferromagnetic coating absorbs energy from 

the magnetic field, which is at a maximum intensity at the 

conductor surface, see principles of operation in Fig. 9. The 

positive conductor temperature melts ice or snow that settles 

on the surface. 

 

Fig. 9 Principles of operation of ferromagnetic spiral. 

Positive visual example of application of ferromagnetic 

spirals is in Fig. 10.  

 

Fig. 10 Visual example of operation of ferromagnetic spiral. 

A few advantages can be identified for the modern 

ferromagnetic spirals. They will heat in winter but will be 

“sleeping” in summer due to low Curie properties at higher 

ambient temperatures. They can be adjusted to the desired 

level of heating by different tightness of winding, see Fig. 11. 

Heating value is proportional to the winding tightness (weight) 

which can be adjusted by the wrapping machine.  

 

Fig. 11 Example of different tightness of wounding. 

The spirals are also good for security consideration, 

because they will prevent ice accumulation by heating the 

conductor at an earlier stage and thus avoid falling of larger 

pieces of snow/ice. Positive experience is confirmed only for 

snow (Japan) and light ice conditions (Canada), thus they 

should be tested for heavy ice accretion in Norway 

However, they have also several disadvantages: 

• Works only on phase conductors, but not on shield 

wires 

• Are rather expensive at present (estimation is 

about 100 Euro per kg of material) 

• Adds considerable weight to the conductor, hence 

affecting the strength requirements for all line 

components. 

To summarize preliminary, this may be an option for the 

specific Norwegian application, i.e. crossings over the 

fjords.  

E. Profile of conductor, stiffness and bundle configuration 

Classical rotational mechanism for snow/ice accretion at 

the single round conductor is illustrated in Fig. 12.  

 

Fig. 12 Illustration of rotational mechanism of snow/ice accretion 

on the conductors. 

Based on this mechanism two possible improvements are 

foreseen: either to increase stiffness of the conductor bundle 

or to change the profile of the conductor, theoretically both 

would reduce the amount of accreted ice. The following 

indications are given by CIGRE TB 438 [1]:  

• Bundled conductors have higher rotational stiffness 

than single conductors which leads to differences in 

ice accumulation and shedding.  

• Ice shedding tends to occur first on conductors of 

larger diameter and those with smoother surface 

(trapezoidal strands vs. circular) than conventional 

conductors with the same diameter. 

The preliminary field investigations held in the frame of 

Frontlines and Icebox projects at Statnett showed that at the 

same site the duplex bundle (both sub-conductors in total) 

collects less ice than simplex conductor. This issue will be 

further investigated in the frame of Icebox project, but it is 

important to note that for new 400 kV OHL duplex and, in 

some cases, triplex conductors are the first choice for Statnett 

and not because of icing. Chinese researchers (Xingliang Jiang) 

proposed that in heavy iced areas bundle conductors should be 

replaced by a fewer number of sub-conductors with higher 

diameter, this countermeasure is however limited by other 

conductor dimensioning parameters, e.g. corona. Statnett used 

this approach for the non-populated areas.  

Two other ideas with different profiles of conductors are as 

follows (to use one of ideas or to combine them): 

1. To change the profile of conductor strands  

2. To make conductor of a few stranded wires or make 

the profile not rounded  
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The applicability of different concepts for specific Norwegian 

conditions should be investigated.  

F. Heating from external electrical sources 

According to CIGRE TB 438 [1] electric heating of phase 

conductors or ground wires to prevent ice accretion or for de-

icing is recognized worldwide as rather efficient engineering 

approach. Many different heating methods are available, but 

we will review only some of them. According to [1] thermal 

methods can be divided in two categories:  

• Methods based on pure Joule effect  

• Methods based on dielectric losses, radiative 

waves and external heat sources. 

For the shield wires the only method applicable will be use of 

an external current source. This will also require electrical 

insulation of the shield wires as shown in Fig. 13 adopted from 

[1].  

 

Fig. 13 Example of simultaneous de-icing of two shield wires in the 

loop configuration. 

Some medium voltage AC transformer to which current can 

be supplied by the main AC circuit, may be used as the current 

source. This method would be applicable to de-ice several 

kilometres of OHL. By DC current a longer section can be de-

iced. In remote areas, typical for Statnett, it would be possible 

to install remotely-controlled AC or DC device. Insulation of 

shield wires will also eliminate induction losses in them, 

estimated in [1] as about 2 kW/km for a 735-kV OHL and 1 

kA. It is important to note that one of the goals of Icebox 

project is to create an ice map of the whole Norway. Using 

this map, it would be possible to identify a number and 

location of critical sections of the OHL, where it would be 

possible to install such stationary and remote-controlled 

devices.  

G. Heating by re-distribution of currents 

The first method is load shifting in the network. For the phase 

conductors applying this method within the network would 

theoretically be the best, requiring no additional equipment. 

However, normal operating conditions must in most cases be 

modified in order to force more load current by transferring or 

shifting loads. Typical issue could be difficulty of controlling 

the current flow during the de-icing period which is mainly 

determined by the power load demand of customers. During 

the Workshop, the following challenges were listed by 

operating personnel of Statnett: 

• Not always possible to find a network topology and 

relevant production units to achieve the required 

increase in current transfer 

• Large demands on special regulation may create an 

imbalance in the system 

• It is not always feasible to find network topologies 

effective on icing and not reducing system security 

• This method cannot be used for shield wires, thus 

will require the disconnection of the affected OHL. 

However, during winter time Statnett needs all the 

lines in operation to maintain system security. 

To summarize, this method at present is not directly 

applicable for Statnett. 

Next method for re-distribution of currents is already 

mentioned in [1]. The idea is that a special device (small 

circuit breaker) in CIGRE TB 438 called “contactor” forces 

the current, which normally flows in parallel in all the sub-

conductors, through one-two sub-conductors. The increased 

current trough the sub-conductor will increase the temperature 

to melt the ice. The process is repeated at different sub-

conductors until complete de-icing is obtained. It was stated 

in CIGRE TB that this method is at a conceptual stage, and 

further studies are necessary to estimate the cost of its 

development and implementation. Similar systems were 

presented at the Workshop with a detailed study from USA 

regarding this method (V. Petrenko), see schematic example 

in Fig. 14. In Fig. 15 a practical simplified drawing for the 

application is presented.  

 

Fig. 14 Schematic example of principles of re-distribution of 

current between sub-conductors. 

 

 

Fig. 15 Schematic example of possible practical application of re-

distribution of current between sub-conductors. 

According to researchers from USA this method has the 

following advantages:  

• No interruption to customers’ service 

• Does not need an external power supply 

• Rapid de-icing 

• Can de-ice sections of any length 
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• Uses standard conductors, spacers and circuit 

breakers 

• Inexpensive method  

• Can be operated remotely 

At the same time, so far this method was practically verified 

by American researchers only once at a distribution OHL 

in Russia with the following details:  

• Line voltage 10.5 kV AC 

• Distance between towers: 35 m to 60 m 

• Type of conductor used: bundled 

• Line current ampacity: 175 A 

• Current during the test: 60 A to 70 A 

• The method was designed for 40 A to 100 A range. 

Similar method was, however, already applied in China 

(Xingliang Jiang). This is illustrated in Fig. 16 and Fig. 17. 

The Chinese device, called “the smart ice-melting apparatus” 

was tested at Xuefeng Mountain Natural Icing Station since 

2013 and confirmed its efficiency. 

 

Fig. 16 Schematic example of application of re-distribution of 

current between sub-conductors (provided by China). 

 

Fig. 17 Example of Chinese circuit breaker for the re-distribution of 

current between sub-conductors. 

Considering such specifics of Statnett as sections of OHL in 

very remote areas this method is promising to investigate 

further. Also, another output from the Icebox project will be 

the predicting of ice events. Having a warning, it should be 

possible to start heating BEFORE the event will come, thus 

avoiding possible fall of larger pieces of ice from the 

conductors, which is a safety issue.  

H. Heating by high-frequency skin-effect 

Another method for the heating of conductors, presented by 

both American and Russian researches at the Workshop was 

also originally mentioned in CIGRE TB 438. However, it was 

mentioned very briefly, being not properly developed at that 

time. According to [1] this method uses a superimposed high 

frequency electric field of around 100 kHz to induce dielectric 

losses in ice combined with the skin effect in the conductor to 

melt the ice. At that time this solution was only tested in a 

laboratory on 1-m sections of conductors and it was a concern 

that it may generate EMF disturbance, which interferes with 

telecommunications [1]. 

At present this method was developed further and reported at 

the Workshop (even it is still in development stage).  The first 

presentation (W. Kaganov) demonstrated principles of using 

of high-frequency method, see Fig. 18. The main idea is that 

the wire, like an antenna, emits electromagnetic energy. The 

radiation power depends on the radiation resistance and the 

resistance of the wire increases drastically at high frequency 

in comparison to 50 Hz (skin effect). High-frequency 

generator should be connected to the conductors and 

numerous antennas with resistors should be installed along the 

line and would convert the high-frequency energy into the heat. 

A simple experiment at the home-made test span of 400 m 

confirmed that the temperature can be increased up to 80oC, 

see Fig. 19. For this test the 25-kW generator with a frequency 

81,4 MHz was used.  To prevent ice formation the level of 20 

W/m was estimated.  

 

Fig. 18 Principles of using of high-frequency generator to obtain 

heating of conductors using antennas-resistors. 

 

Fig. 19 Example of simple experiment at home-made test span 

demonstrating feasibility to increase temperature to 80oC. 

The idea to use a numerous antennas-resistors along the 

line seems not up-to-date, especially thinking about possible 

EMF disturbances. However, the same idea, but differently 
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applied was evaluated in another presentation (V. Petrenko). 

The main idea of this method is to increase electrical 

resistance of one-section conductors by transforming a part of 

low-frequency line current (50 Hz) into high-frequency 

current (8 kHz-100 kHz), while keeping the low-frequency 

current outside of the de-iced section unchanged. Due to the 

skin effect (see illustration in Fig. 20) electrical resistance of 

the conductors can be increased by one order of magnitude or 

more. The high-frequency current modulation is performed by 

a low-voltage (a few kV) and inexpensive switches and 

capacitors, see illustration in Fig. 21. The basics of this idea 

consider the case, when the ice is already accreted at the 

conductor. Thus, using the schematic drawing in Fig. 21 it 

would be possible to achieve a double effect, i.e. ice removal 

due to both dielectric losses in the ice layer and increase of 

conductor temperature due to skin effect.  

 

Fig. 20 Basics on current distribution in conductor due to skin 

effect. 

 

Fig. 21 Example of schematic drawing for practical application of 

the proposed high-frequency method.  

The laboratory application of the proposed technique was 

positive.  

The proposed method does not interrupt the power flow 

transmitted to customers and is very quick. There are two 

issues to investigate further: 

• Possible EMF disturbances at 30 kHz and higher. 

Possible countermeasure is to reduce the frequency 

below 8 kHz, in this case the skin effect will still 

work, but not losses in the ice. However, the general 

idea is to start heating BEFORE the icing event using 

the future warning system to be developed in Icebox 

project.  

• Possible increase of corona level. This should be 

investigated practically, however in case of remote 

areas typical for Statnett, this should not be a 

problem. It might be even beneficial because corona 

will produce additional melting as was shown by 

Chinese researches (Xingliang Jiang), see Fig. 22.  

 

Fig. 22 Effect of level of electric field on ice formation (corona 

effect). 

An interesting issue for further investigation will be the effect 

of high-frequency melting on shield wires, where the concern 

for icing is even more than for phase conductors.  The 

excitation of the phase conductors will result in some induced 

current in the shield wires and electric field on their surface. 

Although this indirect excitation will be much weaker than for 

conductors, the smaller diameter of the shield wire should 

increase heating effect. This shall be investigated separately 

considering specifics of OHL geometry in question. 

I. Robotic systems 

According to CIGRE TB 438 the robotic systems belong to 

mechanical methods. The most recent robot device for such 

method is the Remotely Operated Vehicle (ROV), developed 

at Hydro-Quebec’s Research Institute (IREQ), see Fig. 23.  

 

 

Fig. 23 Prototype of the ROV de-icer [1]. 

 

According to [1] it is robust, light weighted and compact 

and was tested on energized OHL 315 kV (only on simplex 

conductors, thus not applicable for duplex and triplex 

conductors). No data on its service application is available. It 

is supposed to be brought to the OHL by a helicopter or by 

insulated boom of the truck, thus it is questionable for 

Statnett’s application for the remote areas during the period of 

ice event, when helicopters are not allowed to fly. More 

relevant for Statnett’s application would be any remotely-

controlled device to be installed stand-by at the critical section 

of OHL. The first option would be to have an installation at 

the shield wires as the most critical component. This device 

could then be activated by e.g. ice monitoring detector.  
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IV. DISCUSSION 

All countermeasures presented and discussed in this paper 

earlier are summarized in two tables. Table I summarises 

possible applications for shield wires, while Table II 

summarises possible applications for phase conductors. 

Traffic light principles are applied, i.e. GREEN colour 

indicates the best application and the RED colour indicates the 

worst. The preliminary promising methods are indicated by 

thick black squares. All proposals are subjective and 

preliminary and will require further 

investigations/considerations, which will be performed mostly 

in the frame of the Icebox project, but also in some separate 

projects.  

TABLE I. COMPARISON OF COUNTERMEASURES FOR SHIELD WIRES 

Countermeasure Maturity Cost  

Statnett need 

High 

stress 

Remote 

area 

Removal  *   

Coating     

Weights, rings, 

tapes 
   

 

Spirals   ** ** 

Special 

conductors 
   

 

Heating external     

Heating re-

distribution 
  ** 

** 

Heating HF   ** ** 

Robotics     

* Considering specific Statnett requirements 

**Not applicable requiring energized conductor 

 

TABLE II. COMPARISON OF COUNTERMEASURES FOR PHASE 

CONDUCTORS 

Countermeasure Maturity Cost  

Statnett need 

High 

stress 

Remote 

area 

Coating     

Weights, rings, 

tapes 
   

 

Spirals   * * 

Special 

conductors 
   

 

Heating external     

Heating re-

distribution1 
   

 

Heating HF2     

Robotics     

*Can be promising for fjord crossings 

1-Promising  

2-Promising  

 

What is shown in the tables can be shortly summarised as 

follows:  

1. Removal of shield wires. Simple countermeasure 

applied in several countries. It is clear how to 

check and eliminate reduction of lightning 

performance and local earthing issues. However, 

Statnett has specific requirements on safety and 

communications, basically requiring continuous 

shield wire. This may lead to rather expensive 

practical arrangements, which should be 

investigated separately. Thus, this is not the most 

promising countermeasure.  

2. Coatings. The present status are positive 

indications on ice reduction in comparison to bare 

conductors. The coatings are still prototypes not 

investigated for practical issues in service, starting 

from integrity while stringing and integrity in 

long-term affected by e.g. corona. Seems that the 

coating can increase the time for ice accretion, but 

when the thin ice layer will be accreted, there will 

not be any difference further. Thus, this is not the 

most promising countermeasure. 

3. Counterweights, rings, tapes. Confirmed to be 

effective against snow and light ice conditions, but 

there is no experience for heavy ice loads, typical 

for Statnett. Thus, this is not the most promising 

countermeasure. 

4. Ferromagnetic spirals. This is a device with long 

and positive experience, however applicable only 

for phase conductors, not for shield wires. It is 

considered as rather expensive but can be a 

promising option for the fjord crossings. A simple 

field test can be recommended testing one phase 

equipped with the spiral, while the other bare.  

5. Special conductors. The Icebox project will 

clarify if there is a difference in ice loads between 

simplex, duplex and triplex configurations of 

conductor bundle. For the new OHL based on 

electrical considerations Statnett uses more duplex 

and in some cases triplex configurations which 

automatically increase the stiffness of the bundle. 

The applicability of conductors with new (e.g. Z-

shaped) profiles should be investigated for higher 

ice loads.  

6. External electrical sources. This is promising 

concept for shield wires to investigate further. 

This is due to the expectations that two outcomes 

will be achieved from Icebox project: location of 

critical sections of OHL from ice load perspective 

and warning system for incoming ice events. If 

any remotely-controlled device is installed at the 

critical sections, it can be activated in good time 

before the event, making the conductors warm 

enough to avoid ice accretion. Use of such 

PREVENTIVE maintenance will also help to save 

the required power. AC or DC devices should be 

investigated. Sections of insulated shield wires 

may also have a positive effect for losses. 

7. Heating re-distribution in sub-conductors. This 

is promising method for line conductors to 

investigate further. Again, starting the 
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reconnection of the sub-conductors in the bundle 

BEFORE or at the early stage of ice event, it is 

possible to meet the event with warmed 

conductors. Theoretically, this system can use 

already existing equipment as low-medium 

voltage circuit breakers and insulated spacers. 

Further experiments in the laboratory and in 

service are recommended.  

8. Heating by high-frequency. This is also treated 

as promising method for phase conductors after 

the re-distribution of current in sub-conductors 

and it is based on similar idea, but instead of 

circuit breaker a high frequency generator should 

be connected to the conductor bundle. The level of 

readiness seems to be lower than for the re-

distribution of current in sub-conductors and 

questions of EMF and corona shall be investigated. 

However, there are indications that this method 

might be applicable even for shield wires.  

9. Robotics. The existing robots seems to be 

expensive and the main disadvantage is that they 

cannot be transported to the OHL during the icing 

event. Thus, this is not the most promising 

countermeasure. However, application of robots is 

very open for the further out-of-box development, 

e.g. science-fiction robot operated by drone using 

the IR heating or steam generator, while both 

drone and robot are charged inductively from the 

conductor.   

V. CONCLUSIONS 

Ice events in Norway can cause outages of the affected 

overhead lines (OHL), which may last for days. Based on 

service experience, the specific conditions for Norway are 

defined as follows: very non-uniform distribution of the ice 

loads along the lines due to complicated topography, very high 

local ice loads (up to hundreds of kg/m or even more) 

normally covering a few spans only, and remote affected areas, 

which are not easy to reach in short time especially during 

snow/ice storms. 

At present the main countermeasure against ice at Statnett 

is mechanical method for ice removal using helicopter with a 

pole to strike the ice-accreted conductors. Similar methods, or 

even more simple, i.e. insulated ropes to be used from ground 

are used by neibouring countries, as Finland, Sweden and 

Iceland. There is a lack with experience with more advanced 

and effective countermeasures.  

Considering the future outcome of the Icebox project, i.e. 

ice mapping providing the location of mostly ice-affected 

sections of OHL and warning system for ice events, the “as 

for today” preliminary promising countermeasures can be 

listed as follows:  

• For shield wires this can be external remotely-

controlled generators permanently installed at 

critical line sections.  

• For phase conductors this can be re-distribution of 

currents in the sub-conductors by using special 

low-medium voltage circuit breakers also 

permanently installed at critical line sections. The 

second promising option may be high-frequency 

generators connected to critical line sections.  

• Ferromagnetic spirals can be a specific option for 

the fjord crossings.  

• All proposals above are preliminary and require 

further investigation/consideration, which will be 

mostly performed in the frame of the running 

Icebox project.  
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