
Tailored scientific studies play 
a key role in combatting 
misinformation about 
renewable energy.

How Tailored Scientific Studies are 
Combatting Misinformation About 
Renewable Energy Development 

Intro
• Renewable energy developers are 

increasingly faced with misinformation 
from project opposition groups during 
siting processes

• Persimia has worked with renewable 
energy developers to perform targeted, 
peer-reviewed studies that address 
common opposition talking points

• These studies have proven to be effective 
in countering misinformation

Case Study: Setbacks and 
Safety
• 2022 peer-reviewed study by Persimia CEO 

Dr. Jonathan Rogers showed that typical 
1.1 x tip height setback to public roads is 
protective of public safety

• Study used state-of-the-art simulation of 
blade failure and probabilistic analysis

Case Study: Aircraft Flight in 
Wind Turbine Wakes
• 2024 peer-reviewed study by Dr. Rogers 

showed that general aviation aircraft can 
safety fly though wind turbine wakes

• Used data from dedicated flight 
experiments 

• Videos have been used by several 
developers to address questions of 
aviation safety and aerial application 

How Can Scientific Studies 
Help?
• Peer-reviewed studies from independent 

analysts are helpful in providing data that 
decision-makers can trust when 
addressing opposition issues

• Persimia partners with developers to 
address issues that can benefit from 
additional scientific study 

Scan here to learn more
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Abstract. Continued development of wind farms near populated areas has led to rising concerns about the po-
tential risk posed to general aviation aircraft when flying through wind turbine wakes. There is an absence of
experimental flight test data available with which to assess this potential risk. This paper presents the results of
an instrumented flight experiment in which a general aviation aircraft was flown through the wake of a utility-
scale wind turbine at an operating wind farm. Wake passes were flown at different downwind distances from the
turbine, and data were collected on the orientation disturbances, altitude and speed deviations, and acceleration
loads experienced by the aircraft. Videos and pilot statements were also collected, providing qualitative infor-
mation about the disturbances encountered in the wake. Results show that flight disturbances were small in all
cases, with no difference observed between flight data inside and outside the wake at distances greater than six
rotor diameters from the turbine. At distances closer than six rotor diameters, small load factor and orientation
disturbances were noted but were commensurate with those experienced in light or moderate atmospheric turbu-
lence. Overall, the loads and disturbances experienced were far smaller than those that would risk causing loss
of control or structural damage.

1 Introduction

Land-based wind energy development is seen as critical to
the transition to carbon-free energy production. Development
of land-based wind farms continues at a steady pace interna-
tionally, with nearly 78 GW of new installed capacity in 2022
(GWEC, 2023). As wind farms have been developed closer to
populated areas, land-use conflicts have become increasingly
prevalent (Richardson et al., 2022). One notable concern that
has affected the development of new wind energy projects,
particularly in North America, is the potential hazards caused
by wind turbines to light aircraft flying in the vicinity of wind
farms. Two recent trends have exacerbated these concerns.
The first is the shift in wind energy development in North
America from more remote, largely unpopulated areas such
as west Texas to more populated regions with extensive agri-
cultural development in the Midwest (Xiarchos and Sand-
born, 2017). These agricultural areas tend to contain a large
number of small public and private airports which are used

for recreational flying and aerial application (i.e., “crop dust-
ing”). A 2018 analysis of airport and wind farm location data
found that almost 40 % of wind turbines in the United States
were located within 10 km of a small airport (Tomaszewski et
al., 2018). The second trend that exacerbates concerns about
aviation impacts is the general increase in wind turbine size.
From 2021 to 2022, the average hub height of newly installed
turbines increased by 4 % to 98.1 m, taller than the Statue of
Liberty, and the average power capacity increased by 7 % to
3.2 MW (Wiser et al., 2023).

Concerns about aviation impacts focus on three poten-
tial issues: interference with air surveillance radar, collision
risks, and the risks posed by added turbulence in the turbine
wakes. Interference with radar has been well studied (Karl-
son et al., 2014), and mitigation procedures and technologies
are currently under development (Gilman et al., 2016; FAA,
2017); besides, radar interference is usually of lesser con-
cern to general aviation pilots in rural areas since they rarely
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Figure 1. Whitla Wind facility turbine locations and area of flight operations. Turbine T1 (highlighted) is the northwesternmost turbine
located at Whitla.

Figure 2. The Cessna 206 used in flight tests (photo courtesy of
Raina Naomi of Edmonton Skydive).

Table 1. Whitla Wind facility V136 turbine characteristics.

Parameter V136 turbine

Rotor diameter 136 m
Hub height 105 m
Tip height 174 m
Rated power 3.6 MW
Cut-in speed 3 m s�1

Cut-out speed 27.5 m s�1

Rated speed 9.5 m s�1

2 Flight test methodology

This section provides detailed information regarding the
Whitla Wind facility where the flight tests were conducted,
the test aircraft, the data gathered during the experimen-
tal flight, and the weather conditions that prevailed during
each wake pass. The test trials were performed on 16 Octo-
ber 2023 during the hours of 13:30–15:30 mountain daylight
time (MDT).

2.1 Description of Whitla Wind facility

The Whitla Wind facility (“Whitla”) is located approxi-
mately 16 km south of Bow Island, Alberta, Canada. The
353 MW facility is comprised of 98 Vestas V136 turbines.
The characteristics of the V136 turbines installed at Whitla
are provided in Table 1.

The turbine locations at Whitla are shown in Fig. 1. At the
time selected for the test flights, the winds were generally
blowing from the southeast. As a result, the turbine wakes
were propagating northwest of the project area. The area se-
lected for flight operations was downwind of the farthest tur-
bine at the northwest corner of the project, turbine T1. The
location of this turbine and the selected area of flight opera-
tions are shown in Fig. 1.
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Figure 4. GPS ground tracks of each wake pass.

Table 4. Description of wake passes.

Pass Local time Configuration Closest turbine T1 hub height/35 m T1 hub height T1 output
no. (16 Oct 2023) distance height wind speed wind direction power (MW)

1 13:47 MDT 90 kn, 0 flaps 1843 m (13.5 RD) 4.7 m s�1/5.7 m s�1 151° 0.46
2 13:53 MDT 90 kn, 0 flaps 1428 m (10.5 RD) 4.6 m s�1/5.7 m s�1 161° 0.33
3 13:58 MDT 90 kn, 0 flaps 768 m (5.6 RD) 5.1 m s�1/5.4 m s�1 147° 0.50
4 14:02 MDT 90 kn, 0 flaps 397 m (2.9 RD) 5.3 m s�1/4.2 m s�1 146° 0.54
5 14:57 MDT 80 kn, 10° flaps 2125 m (15.6 RD) 5.4 m s�1/5.7 m s�1 146° 0.73
6 15:02 MDT 80 kn, 10° flaps 1480 m (10.9 RD) 6.1 m s�1/5.7 m s�1 145° 0.87
7 15:10 MDT 80 kn, 10° flaps 676 m (5.0 RD) 6.8 m s�1/5.7 m s�1 141° 1.0
8 15:14 MDT 80 kn, 10° flaps 752 m (5.5 RD) 6.8 m s�1/5.7 m s�1 142° 1.0
9 15:17 MDT 80 kn, 10° flaps 721 m (5.3 RD) 6.8 m s�1/5.1 m s�1 140° 1.2
10 15:20 MDT 80 kn, 10° flaps 607 m (4.5 RD) 7.2 m s�1/5.7 m s�1 137° 1.4
11 15:24 MDT 80 kn, 10° flaps 521 m (3.8 RD) 7.5 m s�1/4.9 m s�1 149° 1.2
12 15:30 MDT 75 kn, 10° flaps 223 m (1.6 RD) 7.4 m s�1/6.6 m s�1 149° 1.1
13 15:33 MDT 75 kn, 10° flaps 283 m (2.1 RD) 6.6 m s�1/5.7 m s�1 148° 1.0

results below, the airspeed and groundspeed deviate slightly
from the selected speeds, both inside and outside the wake.

Several trends are evident in Figs. 5–12 and the figures
in the Supplement. The GPS tracks show that the pilot flew
nearly perpendicularly to the wake in each pass, and Figs. 7–
12 show that the aircraft was present in the wake region of
T1, as estimated by the above procedure, for between 5–10 s
during each pass. In most wake passes, the levels of pitch

and roll disturbances, load factor magnitudes, and speed and
bearing deviations are not noticeably higher inside the wake
compared to outside. In some passes close to the turbine,
such as wake pass 7 (Fig. 9), a small roll angle deviation of
approximately 7.5° and an increase in the magnitude of load
factor perturbations are noted inside the wake region. The
severity of these disturbances will be compared to relevant
benchmarks in a subsequent section.
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Flights conducted in the wake of an 
operating wind turbine to study 
concerns about wake turbulence.

223 m from 
wind turbine

283 m from 
wind turbine

where the fragment mass center impacts the ground, an impact circle is computed in the ground plane. The impact
circle is centered at the fragment mass center impact location with a diameter equal to the fragment length (this
makes sense in this case as the fragment mass center is assumed to lie at the half-span of the fragment, per Section
‘‘Blade throw simulation model’’). This circle encompasses the widest area in which any part of the fragment can
potentially land. A potential vehicle impact is recorded if any part of the randomly-placed vehicle polygon (rectan-
gle) is inside the impact circle.

Use of this impact circle approach for computing potential vehicle impacts has advantages and disadvantages
in the context of modeling risk. In contrast to the computational effort involved in simulating contact dynamics
and fracture mechanics of the blade, the computational effort required to compute the impact circle and determine
whether a vehicle is inside it is quite low and can thus be exercised millions of times in a Monte Carlo framework.
However, it likely overestimates the impact probability as the projected area of the fragment at ground impact
onto the ground plane will only cover a small fraction of the total area of the impact circle. This can be clearly
seen in Figure 4. Thus, many potential vehicle impacts will be recorded when in fact the yaw angle of the fragment
when impacting the ground is parallel to and offset from the road (as exemplified in Figure 4), thereby missing
vehicles inside the impact circle. From a risk assessment standpoint, however, this overestimation of risk is consid-
ered acceptable.

Note that the methodology described here does not account for bouncing, sliding, or rotating of the blade frag-
ment after ground contact. Full modeling of these ground contact dynamics in a manner suitable for rapid Monte
Carlo simulation is an interesting area of future work. A higher-fidelity simulation of vehicle impacts would likely
need to model the contact dynamics between the fragment and the ground as well as contact between the fragment
and a three-dimensional vehicle (rather than the two-dimensional vehicle area considered here). Such extensions
are worthy of future investigations but are not explored in this work.

Impact frequency estimation

Given this methodology for predicting potential vehicle impacts for a given simulation trial, the complete risk
assessment process proceeds as follows. A fixed number of Monte Carlo trials (Ns) are performed, and the number
of potential vehicle impacts (NI) are tabulated. These are then divided to obtain the impact frequency,

fI =
NI

Ns
ð7Þ

This value is then multiplied by the probability of a blade throw occurring per year per turbine PT, which is esti-
mated by Rademakers and Braam (2005) to be 4:2 3 10#4 under normal operating conditions. The resulting value
represents the expected impacts on a vehicle per year. Because this value is usually very small (as will be illustrated

Figure 4. Fragment throw simulation and impact circle definition.
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Study Shows Typical Wind 
Project Setbacks are 
Protective of Public Safety

The risk values computed in this study are objectively very low when benchmarked against commonly-accepted
risk levels and risks encountered when performing daily activities. Proske (2008) lists a universal acceptable risk
level as 1 fatality per 100,000 years, and the risk of being killed in a road accident (with careful driving, 10,000
miles driven per year) as being 1 fatality per 125,000 years. Assuming that one fatality occurs with each blade
throw impact to a vehicle, the 1:1 3 tip height setback induces a risk that is much lower than these benchmark
values. For example, using the one fatality per impact assumption, the fatality risk for the 5.5 MW turbine at a
1:1 3 tip height setback is 1 fatality per 12 million years for 1 vehicle/mile traffic density, and 1 fatality per 1.1
million years for 10 vehicles/mile. Similarly, the results for the 1.5 MW and 3.4 MW turbines at a 1:1 3 tip height
setback are well below 1 fatality per 100,000 years for 1 vehicle/mile and 10 vehicles/mile traffic densities. This
indicates that, from an engineering safety perspective, the 1:1 3 tip height setback produces a satisfactory level of
risk mitigation for rural roadways.

Figure 8. 3.4 MW turbine risk assessment example. Left: potential vehicle impacts per million years. Right: expected number of
years in which one potential vehicle impact occurs.

Figure 9. 5.5 MW turbine risk assessment example. Left: potential vehicle impacts per million years. Right: expected number of
years in which one potential vehicle impact occurs.
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Methodology to assess wind turbine
blade throw risk to vehicles on nearby
roads

Jonathan Rogers and Mark Costello

Abstract
The public road setback distance is often an important factor that drives wind farm design. This paper outlines a methodology for
assessing the risk imposed by blade throw at various road setbacks using a physics-based simulation approach. Given a road setback
distance, Monte Carlo simulation is performed wherein blade throw parameters and vehicle locations are randomized. Potential colli-
sions are determined using an ‘‘impact circle’’ approach which assumes that impact occurs if the vehicle is inside the impact radius of
the blade fragment when it lands. This approach is exercised on several example turbines and risk levels are calculated for various road
setbacks. The method is also applied to a notional wind farm with turbines located at a typical road setback distance. Results show
that the blade throw risk imposed to vehicles on public roads for the example wind farm is extremely small and commensurate with
risks imposed by everyday activities.

Keywords
Wind farm siting, blade throw, setbacks, wind turbine safety, blade failure

Introduction

As the pace of land-based wind energy development accelerates around the world, new wind energy installations
are increasingly being sited in the vicinity of residential housing and public roads. During siting and permitting
processes, there is often debate surrounding safe setback distances that protect the general public from potential
turbine failures and, in cold climates, ice shedding. In the United States, typical wind ordinances that regulate
local or statewide wind energy development often specify different setbacks for occupied structures and public
roads. The survey conducted by Oteri (2008) showed that the setback distances specified in wind energy ordi-
nances throughout the United States vary widely. For example, a typical road setback distance used in numerous
wind energy ordinances requires that turbines be placed no closer than 1.1 times the total tip height of the turbine
to the nearest road, although setback distances of as high as 4 times the tip height were recorded (Oteri, 2008).
One reason for this wide variation in road setbacks is that there has been limited analysis performed in which the
risk imposed by wind turbines to vehicles on public roads has been rigorously assessed and presented in a manner
conducive to use by decision-makers responsible for setback determination. There is an ongoing need for rigorous,
physics-based risk assessment methodologies that are presented in an understandable manner such that they can
be used to inform setback determinations in the development and revision of wind energy ordinances.

Numerous authors over the past 25 years have derived and used physics-based models to estimate lateral throw
distances of blade fragments or ice fragments potentially released from wind turbines (Biswas et al., 2012; Eggers
et al., 2001; Macqueen et al., 1983; Morgan and Bossanyi, 1996; Sarlak and Sørensen, 2016; Slegers et al., 2009;
Szász et al., 2019). A common approach in the literature is to use a 6-degree-of-freedom modeling approach to
simulate the flight of blade fragments, and a point-mass model to simulate the motion of ice fragments due to
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Typical 1.1 x tip height setback to 
public roads yields < 1 in 1 million 
year risk from blade failure
(commensurate with risk of being 
struck by lightning)

Study shows that typical 1.1 x tip height road 
setback is sufficient and protective of public safety.
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Watch flight video here


