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a  b  s  t  r  a  c  t

The  expansion  of wind  power  in  Sweden  has  brought  increasing  conflicts  between  the  wind  power  indus-
try  and  the interests  of  the military  forces.  This  paper  analyses  the  reasons  for these  perceived  conflicts
and  suggests  solutions  for  mitigating  at  least  some  of  the  problems.  The  analysis  is  based  on litera-
ture  studies,  several  semistructured  interviews  and workshops  with stakeholders  in Sweden,  Denmark,
Germany,  Finland  and  Norway.

Some  of the  problems  originate  from  diverging  views  on how  various  societal  interests  should  be
weighed  against  each  other,  others  from  uncertainties  in  the  planning  and  investment  environment.  The
wind power  industry  has  difficulties  predicting  whether  a project  will  be rejected  by  the  armed  forces
and  believes  that the armed  forces  often  change  their  view  on a specific  project  during  the  planning
process.  The  Swedish  armed  forces,  on  their  part,  perceive  the  planning  process  to  be hampered  by  low-
quality,  unsubstantiated  applications,  which  sometimes  block  potentially  available  areas  for  more  serious
applicants.

Better communication  to improve  mutual  understanding  between  the  stakeholders  and  more  efficient
information  systems  regarding  existing  and  planned  wind  power  plants  would  help reduce  planning
uncertainties  in the  short  term.  Better  information  on  how  wind  power  and  military  installations  affect
each  other  in a technical  sense  could  also  be important.  Early  identification  of  areas  with  little  or  no risk
of  conflict  with  military  interests  would  help  decrease  the proportion  of  projects  rejected  by  the  military.
In a  more  far-reaching  reform,  the  wind  power  planning  and  permit  system  could be  changed  to  one
similar  to  the  current  Danish  system,  which  provides  a more  important  role  for comprehensive  spatial
planning  than  granting  of  permits  for single  projects.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

Wind power has grown quickly in recent decades as a result of
efforts to diversify electricity supply and reduce the impact of the
energy system on climate change. For example, wind power capac-
ity in the EU increased from 13 GW in 2000 to 84 GW in 2010 (EWEA,
2011) and the capacity is expected to increase significantly during
the next 10 years in response to e.g. the EU directive on renew-
able energy. Wind power production in Sweden has also increased
rapidly in recent years, from 0.9 TWh/y in 2005 to 6.1 TWh/y in
2011 (Swedish Energy Agency, 2012). In the EU, Germany has the
largest installed capacity, while Denmark has the highest fraction
of wind power in the electricity production system. The increase in
wind power production is the result of both increased numbers of
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plants and increased size of wind power turbines (see e.g. Biligili
et al., 2011; Kaldellis and Zafirakis, 2011).

With increasing amounts of wind power, land use conflicts
are growing. Several studies on this issue have identified local
acceptance and efficient planning systems, together with economic
incentives, as factors of great importance for national and local
wind power deployment, see e.g. Khan (2003), Söderholm et al.
(2007), Toke et al. (2008), Bergek (2010), Pettersson et al. (2010)
and Ohl and Eichhorn (2010).

Over the past decade, a conflict has developed in Sweden
between plans to expand wind power in an economically viable
way and the need to maintain the capabilities of the armed forces.
A reason for the conflict is that both wind power and military avia-
tion gain from open areas with low population density. The conflict
between these two  interests began to grow with the increased
expansion rate of wind power resulting from amongst others the
improved economic conditions following the introduction of the
tradable green certificate system (TGC) in 2003. The debate inten-
sified when the military forces required the demolition of a few
already built wind power plants and then subsequently introduced
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exclusion zones of 40 km radius around military airfields. Wind
power interests have argued that the high priority attributed to mil-
itary interests according to current legislation and practices should
be reduced. However, the discussion has paid relatively little atten-
tion to why exactly the military forces, especially the air force,
may  demand restrictions on wind power. Furthermore, the con-
flicts may  vary in character and too little effort has been directed
to finding solutions that maintain the planned rate of expan-
sion of wind power, while still preserving the military capabilities
required by other political institutions. While similar conflicts
could be expected in other countries, little has been done in this
field.1

In this paper, we briefly analyse the tactical and technical
problems that single or groups of wind turbines could cause for mil-
itary aviation and whether these problems could be reduced. We
then describe the planning conditions in which these issues arise,
analyse problems raised in relation to the wind power–military
aviation nexus, and characterise them from several perspectives.
Finally, we discuss potential solutions to actual and perceived prob-
lems. In this study we focus on the situation in Sweden, but use
Denmark, Germany, Norway and Finland as comparative examples
that could generate ideas for how the problems in Sweden could be
solved, taking into account the different contexts in the countries
with regard to military structure, energy policy and governance
structures.

The findings are based on: (i) a review of the literature, especially
in the area of wind power and physical planning; (ii) interviews
with key personnel (in total 17 interviewees) in Danish, German,
Norwegian and Finnish ministries and agencies with responsibil-
ities for armed forces and land use and energy planning; and (iii)
workshops with Swedish stakeholders in order to both provide a
clear picture of the perceived conflict areas and to present potential
solutions that could mitigate these conflicts. The group of stake-
holders included wind industry associations, national and regional
decision-making bodies and government agencies. In addition, a
reference group from the Swedish Armed Forces, the Swedish
Energy Agency, the Swedish Defence Material Administration and
the Swedish Transport Agency continuously contributed knowl-
edge from their fields of expertise. Material was also provided by
the Swedish military attachés in Denmark, Germany, Norway and
Finland.

Problems for military aviation caused by wind power plants

Wind power plants can affect military installations and activ-
ities in different ways. The most obvious reason for potential
conflicts from a military point of view is the actual presence
of wind turbines across the terrain, where their combination
of location and height makes them physical obstacles. Through
the feature of their rotating blades, wind turbines also have
a strong influence on several types of military equipment and
systems.

All three branches of the armed forces, army, air force and navy,
are potentially affected by wind turbines depending on their scale
and location. Some basic problems such as interference with sensor
systems are common to all three branches. However, in this paper
we focus on potential conflicts between wind power and military
aviation installations and activities.

1 Earlier literature mainly dealt with technical aspects of the interaction between
wind power and radar systems (see e.g. Perry and Biss, 2007; Pinto et al., 2009). A
few studies have dealt with broader aspects relevant for the relationship between
wind power and military forces (Jago and Taylor, 2002; US Department of Defence,
2006).

Aviation security

If erected too close to any airfield, high objects such as power
lines, telecommunication masts and wind turbines could endan-
ger flight operations at take-off and landing. To safeguard airfields
against such physical obstructions, there are guidelines from the UN
International Civil Aviation Organization that restrict tall structures
in the vicinity of aerodromes (ICAO, 2009). These rules basically
refer to civil aviation, but similar guidelines apply to military
aviation.2

The key requirements of military aviation – to be able to operate
at high speed, at any altitude, at any time of the day and under
any weather conditions – explain why air forces scrutinise building
plans for wind turbines in a different way from actors within civil
aviation. The obstacle-free zones according to ICAO guidelines form
the baseline for their analysis, onto which the specific conditions
for military aviation are added.3

Civil aviation actors seldom consider wind turbines as problems
in areas other than in the vicinity of airfields, but air forces perform
activities in other areas that could create potential conflicts. Flying
low is a tactical tool that can be used to avoid hostile detection, as
the terrain profile can make the aircraft “invisible” to reconnais-
sance efforts. Flying low also enables visual navigation below the
clouds (needed e.g. in the event of failure of navigation aids).

A system that is of crucial importance to plan and perform safe
air operations is weather radar. Wind turbines that are situated rel-
atively close to a weather radar station will interfere with the basic
function of that system, i.e. the monitoring of weather conditions as
a basis for forecasting.4 According to the recommendations of the
UN World Meteorological Organization, no wind turbines should be
installed within a range of 0–5 km from the radar site. In a zone from
5 km up to 20 km from a weather radar site, planned installations of
wind turbines requires an impact analysis (World Meteorological
Organization, 2010).

Disturbance of military technical systems

Beside potential effects on flying itself, wind turbines also
influence a number of technical systems, both ground-based and
airborne, which together form an electronic infrastructure suppor-
ting military operations. Most of these systems are based on radar
technology (radio detection and ranging) and the key factors for
interaction are both the tower itself and the rotating turbine blades,
which turn any wind turbine into a very large “target”.5 Wind tur-
bines also cause radar noise and clutter (unwanted reflection of
radar signals), which in turn can generate false tracks. Altogether,
this leads to a lower detection probability for objects or targets, and
a lower degree of accuracy in determining the distance and bearing
of detected objects. The possibility to track and maintain the iden-
tity of an aircraft over time also deteriorates. In short, monitoring
the airspace with accuracy could be a challenge if wind turbines
and wind parks are situated within the range of the radar system.

2 According to interviews with Danish and German air force officials. In Sweden,
the obstacle limitation surfaces for military airfields are stated in Rules for Military
Avation (FFS 1997:15) and deviate very little from ICAO Annex 14.

3 This approach to scrutinising building plans for wind turbines was confirmed in
the  interviews with air force officials from each of the five countries studied.

4 For weather radar it is mainly the Doppler shift from the rotating turbine blades
that causes the disturbances.

5 Radar cross-section is a measure of how detectable a specific object is using
radar. The tower and the turbine blades give wind turbines a very large radar cross-
section. Further, the rotation of the blades introduces disturbing Doppler shifts.
Wind turbines within the range of a radar-based system, be it for surveillance, air
traffic control or air defence purposes, will create a “radar shadow” for the area
behind them where other objects will not be detected.
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