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Wind: generating power and cooling the power lines
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Abstract. The electric power that can be transmitted via high-voltage transmission lines is limited by the Joule
heating of the conductors. In the case of coastal wind farms, the wind that produces power simultaneously
contributes to the cooling of high-voltage overhead conductors. Ideally this would allow for increased power
transmission or decreased dimensions and cost of the conductor wires. In this study we investigate how well the
wind speed in coastal wind farms is correlated with wind along a 75 km long 330 kW power line towards inland.
It is found that correlations between wind speed in coastal wind farms at turbine height and conductor-level
(10 m) are remarkably lower (R = 0.39–0.64) than between wind farms at distances up to 100 km from each
other (R = 0.76–0.97). Dense mixed forest surrounding the power line reduces both local wind speed and the
correlations with coastal higher-level wind, thus making the cooling effect less reliable.

1 Introduction

Since country’s rapid industrialization under Soviet rule,
which took place in 1950’s and 1960’s, most of electric en-
ergy in Estonia is produced from oil shale, a fossil fuel mined
in the small area in north-eastern part of the country. The
thermal power plants (total nominal capacity about 2 GW) lo-
cated nearby, produce still more than 80 % of country’s elec-
tric energy (Holmgren et al., 2019). However, an increasing
amount of electric energy is produced in wind farms in the
coastal zone. Due to best wind conditions, numerous wind
farms are located at the western coast and islands of Estonia,
roughly 300–400 km away from the oil-shale mining and en-
ergy production region. Thus, the existing network of high-
voltage transmission lines, which connect the thermal power
plants with industrial centres and most populous cities, poses
a challenge to development of wind farms in the west of Es-
tonia, where power lines have been designed for supply of
existing villages and small towns only.

Obviously, big investments into transmission lines are
needed in next decades, to facilitate the transition of Esto-
nia to renewables, in which the coastal and open sea wind
farms are expected to dominate. One of the main constraints
to the electrical power to be transmitted through a line is the
Joule heating of conductor due to its resistance, which can in
worst case result in too big and potentially irreversible defor-

mation of the conductor. Thus, permissible limits for heat-up
of conductor must be strictly followed.

Stronger winds, however, increase the power output of the
wind farms and on the other hand, are expected to improve
the heat dissipation of power lines, thus enabling more power
to be transmitted. According to Morgan (1982) the convec-
tive heat loss of a power line per unit length Pc is calculated
as

Pc = λf (Ts− Ta)Nu (1)

where λf is thermal conductivity of air, Ts and Ta are the
temperatures of conductor surface and ambient air, respec-
tively, and Nu is the Nusselt number. In case of wind-forced
convective cooling the Nusselt number expresses through
Reynolds number Re as

Nu= B1(Re)n (2)

where coefficient B1 varies from 0.02 to 0.8, depending on
Re and power index n= 0.28 to 0.80, depending on sur-
face properties of conductor. As Re depends linearly on wind
speed, the Nusselt number (Eq. 2) and thus, the convective
heat loss (Eq. 1) varies several orders of magnitude in non-
extreme wind speed range of 0.5 to 5 m s−1 at typical con-
ductor height 10 m above the surface. The wind direction is
another important parameter for cooling, as heat loss is about
twice larger in case of wind perpendicular to the conductor,
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Figure 1. Coastal wind farms (white turbine images with site names), and wind measurement site at power line (withe asterisks with pole
numbers indicated) in the map of Estonia. The meteorological observation stations Pärnu (costal) and Türi (inlnd) are indicted with light-blue
drops. Base map: Land Board of Republic of Estonia (https://xgis.maaamet.ee/xgis2/page/app/maainfo, last access: 19 June 2020).

than when blowing along it. In still condition (wind weaker
than 0.5 m s−1) the convective heat loss is determined by tur-
bulence. Thus, wind is an important factor, determining the
transmission capacity of a power line.

The aim of this study is to clarify, how well the wind speed
along a power line from coast to inland is correlated with
wind generating power at coastal area and how frequent are
the unfavourable conditions, when despite strong wind gen-
erating power at coastal zone, the inland wind is rather weak,
thus conditioning the dangerous heating of transmission line.
This knowledge helps to dimension the power lines opti-
mally, considering both the building costs and profit losses
due to possible limiting of power production in unfavourable
wind conditions.

2 Measurement method

2-dimensional sonic anemometers Vaisala WMT 700 were
installed in five poles of a 330 kV transmission line at aver-
age height of conductor wires (10 m), at distances 15–75 km
from seafront (see Figs. 1 and 2). The poles were selected
to represent the worst heat dissipation (lowest wind) con-
ditions. Thus, poles, except number 15, are located closer
than 50 m to dense, 20–30 m high coniferous forest. The
equipment was powered by specially installed solar panels
in line poles, as no solution was found to use high-voltage
power for 24 V (12 W) supply. Measurements were carried
out through 18 consecutive months, from 9 December 2017
to 12 June 2019.

Figure 2. Installation of sonic anemometers in power line poles and
Vaisala WMT 700 sensor head zoomed.

Output was recorded at one-second time step and averaged
for 5 min intervals, to compare with wind speed measure-
ments in coastal wind farms. Simultaneous 5 min wind speed
and direction data from turbine heights from 6 coastal wind
farms were supplied by Elering AS, the national power line
network company of Estonia. Locations of wind farms are
indicated in Fig. 1 (close locations of Rõuste and Rõuste 2
farms are not resolved).

3 Results and discussion

3.1 Wind speeds: line poles vs. wind farms

Average wind speeds and standard deviations measured in
line poles, in comparison with two observation stations,
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Table 1. Averages and standard deviations of wind speeds through
the observation period. Linear correlation coefficients are given
only for 5 min averages, not for weather station (hourly) data.

Site Wind speed Correlation:

Average SD wind speed
in pole vs.

average
of farms

Pole 193 1.71 1.08 0.53
Pole 121 1.85 1.30 0.39
Pole 85 1.85 1.40 0.46
Pole 57 1.99 1.18 0.55
Pole 15 3.04 1.69 0.64
Wind farms (average) 5.91 2.29
Pärnu weather station 3.54 2.19 –
Türi weather station 2.11 1.12 –

Pärnu (costal) and Türi (inland) of Estonian national weather
service near the power line are presented in Table 1. The
statistics of average wind speed of 6 coastal wind farms (see
Fig. 1) are shown as well. The correlation coefficients are
shown for each line pole station with simultaneous 5 min
wind speed averaged for 6 coastal stations. As weather ob-
servation stations give hourly averages only, the correlations
with these are not shown. Correlations between wind speeds
measured in six coastal wind farms are rather high, varying
from 0.76 to 0.97, thus taking average speed of wind farms
for easier comparison is justified. Correlations between wind
speeds measured in poles are 0.35–0.67, i.e. in the same or-
der with correlation pole – wind farms correlations. Corre-
lations shown in Table 1 correspond roughly to correlations
found between wind power generation capacities at distances
of 400–800 km in Europe-wide study, whereas correlations
found between coastal wind farms correspond well to ex-
pected values at distances up to 100 km (Malvaldi et al.,
2017).

As expected, the winds measured in poles in forested area
vary a lot and are weaker than in both weather stations Pärnu
and Türi, which are located in open landscape according to
observation standard. In pole 15 (on the top of hill in a half-
open site) the winds are even stronger than in nearby Türi
weather station. It is remarkable that in pole 15 the wind
speed correlates better with coastal wind farms than in any of
poles located closer to the sea, indicating that microclimate
affects a lot the wind regime in forested areas. Indeed, the
wind rose (Fig. 3) and radial wind speed distribution (Fig. 4)
in pole 85 (hilly, forested landscape) show heavy directional
distortions in respect to standard observations.

Figure 3. Wind rose in pole 85 compared to hourly weather obser-
vation data from Pärnu and Türi weather stations.

Figure 4. Directional wind speed distribution in pole 85 compared
to hourly weather observation data from Pärnu and Türi weather
stations.

3.2 Cross-correlations

Cross-correlation and autocorrelation functions are used for
more insight into propagation and periodicity of wind pat-
tern.

Cross-correlations of wind speeds in line poles and in cen-
tral wind farm Rõuste 2 in first 6 h are much lower than its
autocorrelation (Fig. 5). It was found that cross-correlations
between Rõuste 2 and poles are almost constant during a
few first hours and maximal cross-correlation is not instan-
taneous, but delayed by about 2 h, when moving from the
coastal to inland sites. Rather similar relaxation of cross-
correlation curves (however, without oscillations) have been
found between Ireland and Great Britain, at distances of sev-
eral hundreds of kilometers from each other (Malvaldi et al.,
2017).

In scale of several days, the cross-correlations between
wind speeds in poles and Rõuste 2 wind farm oscillate re-
markably in nearly opposite phase with diurnal cycle. This
phenomenon is not fully understood, but may be attributed
to the sea-land breeze cycle. On the other hand, cross-
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Figure 5. Autocorrelation of wind speed in Rõuste 2 wind farm
and cross-correlations of Rõuste 2 vs. line pole stations in one-week
time scale.

Figure 6. Autocorrelation of wind speed in line pole 121 and its
cross-correlations with wind speeds in other line pole stations.

correlations between wind speeds in different poles oscillate
in diurnal cycle, which is not shifted (Fig. 6) – a phenomenon
widely known (e.g. Filik and Filik, 2017). No remarkable dif-
ferences between autocorrelation and cross-correlation func-
tions exist in second and later days. Thus, the general fea-
tures of continental surface layer seem to dominate over site-
specific conditions in locations of poles.

No remarkable oscillations are found in autocorrelation
and cross-correlations of wind speeds in coastal farms –
likely the large-scale wind patterns are dominating over diur-
nally variable conditions.

It was found that extremely poor heat dissipation con-
ditions occur sometimes, in specific weather pattern: hot
and low-wind summertime anticyclone staying at continental
area of north-eastern Europe and cyclone approaching slowly
from Baltic sea, thus causing strong wind at coast and is-
lands. Such a situation lasts usually for 12–24 h, in extreme
cases up to three days.

4 Conclusions

The power line cooling effect of wind along the inland power
line is remarkably correlated with power-generating coastal
wind, but occasionally emerging unfavourable weather pat-
terns must be considered in designing and operating the
power lines. Dense mixed forest surrounding the power line
reduces both local wind speed and the correlations with

coastal higher-level wind, thus making the cooling effect less
reliable.
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