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Abstract— This paper describes approaches for harvesting 

small amounts of energy from the shield wires on overhead 

transmission lines (OHL) with the intention to power sensors and 

instrumentation for monitoring of OHL components in remote 

areas. Most commercially available products utilising energy 

harvesting from OHLs are intended for power supply to 

monitoring equipment installed on the phase conductors. Thus, 

only equipment installed on live parts can be supplied.  

The investigated concepts utilising shield wires for harvesting 

power from OHLs could provide cost-effective solutions for 

power supply to equipment installed at ground potential. 

Preliminary calculations based on line loading statistics show 

that currents circulating in shield wires on typical 400 kV 

transmission lines can provide up to 230 W at 500 A load phase 

current and 330 m span length, while capacitive charging of an 

insulated shield wire can provide up to 170 W at 415 kV service 

voltage.  

Keywords— Power supply, sensor, ice, conductor, shield wire, 

operational data 

I. INTRODUCTION 

The effects of an outage, or even blackout, of the power 

grid have become more severe since most human activities in 

our modern society depend on a constant and reliable supply 

of electric energy. Consequently, there is a demand for 

increasing the reliability of the power grid, where one 

approach is to use more advanced systems for monitoring the 

condition of the overhead transmission lines (OHL). Such 

systems depend on a continuous flow of relevant and 

comprehensive information collected by different types of 

sensors for monitoring weather parameters such as ambient 

temperature, wind speed, precipitation, and solar irradiation, 

but also critical information on conductor temperature and sag, 

ice accretion on conductors and structures, etc. In this respect, 

transmission lines are more complicated to monitor compared 

to substations, where it is relatively easy to access continuous 

power supply to sensors and instrumentation; furthermore, the 

collected data can reach the control centres via existing 

infrastructure for communication. Transmission line 

monitoring, on the other hand, constitutes significant 

challenges by the need for power supply to sensors and 

communication devices at several positions along the line 

route, sometimes at very remote places. 

An attractive and robust solution for obtaining power 

supply to monitoring and communicating equipment on OHLs 

is to harvest energy from electric or magnetic fields generated 

by the monitored line itself; this means that the monitoring can 

go on as long as the line is in operation, and combined with 

suitable backup energy storage capacity, e.g., batteries, the 

monitoring may continue during line outages.  

This article describes different concepts for harvesting 

power from a monitored transmission line. Literature research 

revealed that almost all research studies and commercially 

available products are focused on monitoring equipment 

installed on the phase conductors, thus, harvesting required 

energy from the magnetic field surrounding the phase 

conductors. Consequently, these solutions deliver power 

needed by monitoring equipment installed at high-voltage 

potential for measuring, e.g., conductor temperature and sag, 

or ice layer thickness. However, for supplying monitoring 

equipment mounted at ground potential, the concept of 

harvesting power from shield wire in the form of induced 

voltage or current, provides attractive options.  

II. CONCEPTS FOR HARVESTING POWER FROM SHIELD WIRES 

In many situations it is required, or much more convenient, 

to instead install monitoring equipment on structures at 

ground potential. Power can in this case be harvested using 

inductive and capacitive coupling. However, since the electric 

and magnetic field strengths decrease with the distance from 

the energized and current carrying conductors, the power 

density will be lower, thus requiring larger dimensions of the 

coupled parts if the same amount of power should be 

harvested.  

The approach of shield wire energy harvesting depends on 

the grounding of the shield wires; insulated/segmented shield 

wires produce constant voltage caused by mutual capacitances 

between the shield wires and the energized phase conductors, 

while grounded shield wires produce varying currents due to 

mutual inductances between shield wires and phase 

conductors carrying the load currents. The pros and cons of 

both approaches are evaluated, showing that both have the 

potential of providing cost-effective solutions. 

The idea to utilize shield wires is not completely new and 

it has been explored e.g. by Hydro-Québec for tapping power 

from 735 kV lines using capacitive coupling [1]. The 

Canadian concept is designed to provide up to 300 kW, which 

is considered excessive for the present application. Installation 

of necessary high voltage step-down transformers and 

equipment of such high rating will most probably require 

significant modification of the tower structure.  

For powering sensor applications, a lighter, more compact 

and less complex solution is desired. In this case, shield wires 

may be used to provide necessary coupling to the HV circuit, 

either via inductive or capacitive coupling. An alternative is to 

install additional conductors below the phase conductors. The 
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basic principle would be the same as for shield wires, but the 

latter would require modifications to the existing towers to 

handle the additional mechanical load, and potentially 

clearance to ground or phase conductors could be a problem.  

III. STUDY OF POWER EXTRACTION FROM SHIELD WIRES 

A. The EMTP/ATP calculation model 

Attainable power from the shield wires of typical 400 kV 

OHL’s has been estimated through simplified EMTP/ATP 

calculations for one type of 400 kV OHL in a remote area at 

high altitude. The phase conductor configuration is horisontal 

and the line is equipped with two shield wires. Geometrical 

and electrical data used in the study were supplied by Statnett 

and are summarised in Table I.  

The EMTP/ATP simulation model comprises the whole 

line by a large number of line models, each one representing 

one span with a length equal to the average span length 330 m.   

TABLE I. DATA APPLIED IN EMTP/ATP CALCULATIONS.  

Parameter Representative data 

Phase 

conductors 

Type 2xParrot Ø38,3 mm 

Horizontal positions (m)  -9 / 0 / +9 

Attachment height (m) 20,9 

Shield 

wires 

Type 2xSveid Ø21,0 mm 

Horizontal position (m)  5,1 / 5,1 

Attachment height (m) 28,8 

Span 

lengths  

(m) 

Average 330 

Exceeded by 90% 170 

Exceeded by 10%  610 

Line length (km) 92,6 

Tower earthing resistance (Ohm) 50 

Soil resistivity (Ohm·m) 2500 

Voltage (kV) 415 

 

B. Inductive coupling to shield wires 

Several examples where power is harvested from phase 

conductors by means of the magnetic field have been found in 

the literature. The approach has been explored for powering 

monitoring equipment to be installed at live conductors, e.g. 

devices for monitoring [2] and dynamic line rating 

[3][4][5][6][7][8][9]. In general, these devices use a current 

transformer to harvest energy from the magnetic field 

generated by the conductor current. 

With the shield wires connected to the top of the grounded 

towers, the currents in the phase conductors will induce 

circulating currents in the loop formed by the two shield wires, 

i.e., the wire mode, and in the loop formed by the shield wires 

and the tower grounds, i.e., the ground mode. These current 

modes are superimposed, which means that the currents in the 

two shield wires will be different with regard to magnitude 

and phase angle.  

For a preliminary estimation of the attainable power, the 

load connected to the secondary winding of the CT may be 

represented by a resistor connected in series with the shield 

wire, thereby allowing for calculation of the harvested power 

as P=R×I2. The attainable power level may be increased by 

installing more than one CT at the same tower. Maximum 

power may be obtained by means of four CTs fitted to each 

shield wire on both sides of the tower. Two different CT 

applications were therefore investigated: A single CT installed 

on one of the shield wires, thus harvesting one span, or four 

CTs installed at each of the shield wires connected to a tower 

top, thereby harvesting two spans.  

The results of the EMTP/ATP calculations show that, 

depending on which shield wire is used, a single CT produces 

a maximum power of 60 or 80 W for an average span length 

of 330 m and a load current of 500 A.  The maximum power 

is proportional to the span length and depends on the load 

resistance, as shown in Figure 1. 

 

 

Fig. 1 Maximum attainable power from shield wires using one CT 

at different span lengths and 500 A current loading. 

For a load current of 500 A, the total power from four CTs 

on shield wires with an average span length of 330 m is 

estimated as 230 W. If the span length is varied from 170 m to 

610 m, the maximum attainable power varies between 200 W 

and 250 W, as shown in Figure 2. Thus, using four CTs, the 

dependences on span length and load resistance are 

significantly less pronounced compared with the case of a 

single CT. The different behaviour may be explained by the 

influence of the CTs on the shield wire currents; with a single 

CT, only the wire mode of the induced current is affected, 

while the use of four CTs affects both the wire mode and the 

ground mode.  

 

 

Fig. 2 Maximum attainable power from shield wires using four CTs 

at different span lengths at 500 A current loading.  

The attainable power is proportional to the square of the 

phase conductor current, i.e., if the line current is increased 

from 500 A to 1000 A, the maximum power increases four 

times. Thus, statistical distributions of the current loading of 

the lines are required for estimating the expected average 

power level. Historical current loading data for the line under 

study were obtained from Statnett in the form of hourly 
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readings for a period of four years. The statistics for load 

currents and outages are summarised in Table II. 

TABLE II. HISTORICAL LINE LOADING AND NUMBER OF OUTAGES  

Year 2015 2016 2017 2018 

Maximum load current (A) 758 925 735 1281 

Average load current (A) 150 193 212 291 

Average load current, line in 

operation (A) 

160 219 215 296 

Time in operation (%) 93,9 88,4 99,0 98,1 

Longest outage (h) 81 1003 81 54 

Number of outages 50 3 3 9 

Number of outages exceeding 

24 h 
2 1 1 3 

Number of outages exceeding 

48 h 
1 1 1 1 

Number of outages exceeding 

72 h 
1 1 1 0 

 

 Attainable power levels were estimated for an average 

span length of 330 m applying the historical current loading 

data, and the results are summarised in Table III. It can be 

concluded that the average power may vary significantly from 

one year to another, e.g., from 36 to 114 W using four CTs. 

TABLE III. MAXIMUM AND AVERAGE POWER ATTAINABLE  

Year 2015 2016 2017 2018 

1 

CT 

Maximum power (W) 186 277 175 531 

Average power (W) 13 22 21 41 

Average power, line in 

operation (W) 
14 25 21 41 

4 

CTs 

Maximum power (W) 522 777 491 1493 

Average power (W) 36 61 59 114 

Average power, line in 

operation (W) 
38 69 60 116 

 

The attainable power is determined by the OHL dimensions 

and the resistance of the shield wires. High shield wire 

resistance will reduce the maximum output power and shift 

the optimum load towards higher resistance values. If the 

Sveid shield wires used in the calculations would be replaced 

by 60 mm2 steel wires, having approximately 10 times higher 

resistance, the maximum power at 500 A load current 

decreases from 80 W to 11 W using a single CT. 

C. Capacitive coupling to shield wires 

The capacitive coupling between conducting electrodes is 

frequently utilized in high voltage applications. Typical 

examples are voltage measurements and diagnostics of high 

voltage (HV) products containing internal insulation for 

measurements of capacitance, dissipation factor, partial 

discharges, etc. For products equipped with a capacitive 

voltage test tap, like capacitively-graded HV transformer 

bushings, the test tap may also serve as voltage source for 

external equipment while the bushing is in operation [10]. 

If the shield wires are insulated from the towers, they will 

be charged via the electric field. The resulting voltage will be 

determined by the service voltage and the capacitances to 

phase conductors and to the ground. This voltage can be used 

to supply power to a load connected between the shield wire 

and the ground.  

To realize power harvesting through capacitive coupling 

between phase conductors and shield wires the latter must be 

insulated from the towers and segmented. It should be noted 

that insulation of shield wires will have negligible impact on 

the lightning performance of the line. A positive consequence 

of insulating the shield wires is that the circulating currents 

will be eliminated, thereby reducing the line losses. If work is 

to be made on the energized line, special caution must be taken 

to ground the insulated shield wire. 

For the OHL geometries under study (see Table I), the 

voltage of an insulated shield wire is in the order of 20 kV. 

Thus, for practical applications the voltage must be converted 

to a level appropriate for monitoring equipment using a step-

down transformer connected between the shield wire and the 

ground.  

For a preliminary estimation of the attainable power from 

insulated shield wires, the load may be represented by a 

resistor connected directly between the shield wire and ground, 

allowing for calculation of the power as P=R×I2.  

Results from EMTP/ATP calculations show that, with a 

service voltage of 415 kV, the maximum attainable power 

from a single insulated shield wire is approximately 170 W for 

a 330 m span length. The highest power level was achieved 

with a load resistance of 1,3 MΩ. The dependence of the 

power on the load resistance is shown in Figure 3.  

 

 

Fig. 3 Maximum attainable power by capacitive coupling between 

phase conductors and an insulated shield wire as function of 

load resistance and span length.  

The maximum attainable power is proportional to the 

segment length of the insulated shield wire; higher power 

levels may thus be obtained by insulating the shield wires in 

several consecutive spans along the line.   

Average power levels have been estimated for a single 

shield wire and an average span length of 330 m by applying 

historical service data from Table II. The results are 

summarised in Table IV.  

TABLE IV. AVERAGE POWER ATTAINABLE  

Year 2015 2016 2017 2018 

Average power (W) 161 151 169 168 

 

IV. DESIGN OUTLINE OF EQUIPMENT 

The calculated power levels above indicate that the 

preferred method for power harvesting would be by capacitive 

coupling. Then the shield wire must be insulated and 
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segmented from the towers, and this can be difficult to 

accomplish. Thus, implementing equipment for inductive 

coupling by applying separable CTs on the grounded shield 

wire will in most cases be easier. One of the benefits of using 

CTs is that the magnetic core will saturate at current levels 

above a certain level, which will result in a self-regulating 

reduction of the output voltage level. 

Inevitable lightning strikes to the shield wires will cause 

stresses on the equipment for capacitive coupling. Likewise, 

parts of lightning currents, and parts of possible fault currents, 

will cause stresses on equipment for inductive coupling. 

Relevant overvoltage protection measures are therefore 

required for protection of the equipment. The shield wire 

voltage can be limited by insertion of spark gaps in parallel to 

the insulators at the tower, and conventional surge protective 

devices can be used to protect the equipment from 

overvoltages.  

Irrespective of the harvesting approach the same equipment 

is foreseen downstream; a concept scheme is shown in Figure 

4. The harvested energy in form of an AC voltage must be 

converted to an appropriate level and to a DC voltage since 

this is used in more or less all electronic devices today. If the 

supply is to be maintained when the line is out of service, and 

for allowing short-duration high-power output, a battery is 

required. To handle charging and protection of the battery, a 

simple battery monitoring system is necessary. The capacity 

of the battery is decided by a number of aspects, e.g., expected 

down-time of the line, as well as power and energy 

requirements of the load.  

 

 

Fig. 4 Scheme of concept for power supply from shield wires.  

V. CONCLUSIONS 

The conducted literature search shows that almost all 

commercially available products and related studies are 

focused on monitoring equipment installed on phase 

conductors and harvesting energy from the OHL via the 

magnetic field. Consequently, these solutions can only be 

utilised to power equipment installed on live parts of the line. 

Furthermore, the search could not reveal any well-proven and 

commercially available product intended for supply of power 

to external monitoring equipment.  

If power is required for supply of equipment installed at 

ground potential, the shield wires may be utilised for 

harvesting power from the OHL. Preliminary calculations 

show that circulating currents in shield wires can provide up 

to 230 W at 500 A load current and 330 m span length, while 

capacitive charging of an insulated shield wire can provide up 

to 170 W at 415 kV service voltage and 330 m segment length.  

The two approaches have different pros and cons: 

Circulating current in grounded shield wires 

+ Applicable to existing OHL with shield wires connected 

  to grounded towers 

+ Limited efforts at installation on (separable current 

  transformer around shield wire at tower) 

- Varying level of available power (power proportional to  

 the square of the line current)  

Capacitive coupling to insulated shield wires 

+ High level of power available (increase of segment length) 

+ Stable level of available power (due to limited variation  

  in service voltage)  

- Requires insulation and segmentation of shield wires at a  

 minimum of two towers 

 

Together with preliminary estimated power levels, the 

above features suggest that both approaches have the potential 

to provide solutions for cost-effective power supplies within 

their respective field of application (grounded or insulated 

shield wires). The output from the shield wire will either be an 

alternating current or voltage, which needs to be converted to 

an appropriate stable voltage level. In order to provide a power 

supply suitable for a variety of monitoring equipment there is 

a need to identify typical input voltage requirements (DC 

and/or AC, and appropriate voltage levels). Further, in order 

to ensure a stable output and to allow for short-duration high-

power applications, the power supply unit should include a 

battery providing energy storage.  

ACKNOWLEDGMENT 

The authors acknowledge Statnett and Norwegian 

Research Council, who supported the Icebox project, and the 

support from Swedish Energy Agency making this 

contribution possible.  

REFERENCES 

[1] L. Bolduc, Y. Brissette and D. Beaudin, “Overhead-Ground-Wire 

Power Supply Regulation by IVACE”, IEEE Transaction on Power 

Delivery, Vol. 19, No. 1, January 2004. 

[2] A. Grilo, H. Sarmento, M. Nunes, J. Goncalves, P. Pereira, A. Casaca, 

C. Fortunato: “A Wireless Sensors Suite for Smart Grid Applications”, 

IT4Energy 2012, Lisbon, Portugal, 2012. 

[3] Y. Liu, Y. Cheng, C. Cheng, Y. Dai: “The Field Experience of a 

Dynamic Rating System on Overhead Power Transmission Lines”, 

ICHVE 2016, Chengdu, China, September 2016. 

[4] The Lindsey website, March 2020 [Online] Available: https://lindsey-

usa.com/dynamic-line-rating/ 

[5] The Ampacimon website, March 2020 [Online] Available: 

https://www.ampacimon.com/en/ 

[6] The Laki Power website, March 2020 [Online] Available: 

https://www.lakipower.com/ 

[7] The USi website, May 2022 [Online] Available:  

http://www.usi-power.com/power-donut-line-monitor/ 



5 of 5 

[8] The Heimdall Power website, May 2022 [Online] Available:  

https://heimdallpower.com/ 

[9] The Gridpulse website, May 2022 [Online] Available: 

https://www.gridpulse.com/system/gridpulse-base/ 

[10] ABB Technical guide, Test adapter, 1ZSC000563-ACS EN, REV. A 

2019-06-25 


