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1)1. Introduction

Nearly everything we do requires energy which may 
be in the form of food, heat, or electricity, so the 
constant supply of energy is a great concern. As time 
goes on, more and more of the finite supply of fossil 
fuels are being consumed so more interest is turning to 
sustainably ways to power our planet. Among those 
sustainable ways, wind power is one of the fastest 
growing sources with more than 59 GW of capacity 
installed globally in 2019 according to the World 
Wind Energy Association (2020). 

Producing electricity with wind turbines has many 

advantages. Once the wind turbine is manufactured 
and installed, no air pollution or carbon dioxide is 
emitted. Unlike solar panels which cannot produce 
electricity at night, wind turbines can produce 
electricity continuously if placed in a location with 
continuous wind. Wind energy is also a cost-effective 
way to supply electricity costing as little as two cents 
per kilowatt-hour (Wiser and Bolinger, 2020).

However, wind energy has its disadvantages too. 
Many people think the sight of wind turbines is not 
pleasing, and the wind turbines also may cast shadows 
and disturb people in the area with the flickering light 
as the blades spin (Burton et al., 2001). In addition, 
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Abstract
To reduce pollution, decrease the production of carbon dioxide, and to maintain a secure supply of energy, interest 

continues to grow in the area of renewable energy especially since there is a finite supply of cheap oil. Wind energy is one of 
the most viable options to consider and supply part of the energy needed to reduce dependence on foreign oil. However, it is 
difficult to predict the wind speed in an environment with many obstacles such as buildings and trees and getting accurate 
dimensions of those obstacles is difficult particularly on sloped mountainous terrain. In this study a drone was used to create a 
3-D map of the campus of the Catholic University of Pusan. The dimensions and elevations for the 3-D map were used to 
make a model of the school campus in the CFD program Envi-met. Simulations were run for five different wind directions 
and 4 different elevations to find the location that would give the highest electrical output for a wind turbine. When 
considering all of these variables it was found that the optimal location was above the Student Union which had a 40% higher 
wind speed and could produce 274% more electrical power than the original wind speed.
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wind turbines are noisy, and much research has been 
aimed at studying and reducing the noise of wind 
turbines. Li et al.(2020) studied noise of high-power 
wind turbines using numerical simulation and found 
that the noise sources are the middle and lower parts of 
the blade. Hansen and Hansen(2020) recognized that 
noise is one of the main issues to be resolved in 
determining the distance a wind farm can be installed 
to a populated area. Many are modifying blade design 
to reduce noise including Rajesh et al.(2020) and Song 
(2020) who have used computer aided modelling and 
analysis to investigate the aerodynamic and aeroacoustic 
characteristics of wind turbines. Cao et al.(2020) 
looked at wind farm layout optimization to reduce 
noise using an advanced sound propagation computer 
model and a genetic algorithm optimization method. 
Although wind turbine noise is still an issue, many 
advancements have been made. Usually wind turbines 
are installed far from heavily populated areas, but if 
these issues can be mitigated, wind can supply much 
needed electricity near buildings. 

Another issue related to wind energy is that wind is 
not constant in many places. Winds may be strong at 
times but too weak to produce any electricity at other 
times. Fortunately, a variety of weather data is being 
recorded continuously in various places and is 
reported. However, many places have obstacles such 
as trees and buildings and mountainous terrain which 
can make it difficult to predict the actual wind speed in 
many locations without installing weather instruments 
at precise locations. Studies have been done to evaluate 
the effects of complex terrain and buildings on wind 
speeds (Hemida et al., 2020; Sun et al., 2020). For this 
reason, much information needs to be gathered before 
deciding where to install a wind turbine. 

Obstacles mentioned can block and reduce wind 
speed but can also throttle and accentuate wind speeds 
to give more output from wind turbines installed in 
optimal locations. Computational Fluid Dynamics 
(CFD) has been used to calculate fluid flow for many 

different fields and can be used to find these optimal 
locations to install wind turbines. The CFD program 
used in this study called Envi-met has been used to 
model various interactions from evaluating a flow field 
around a stadium (De Maerschalck et al., 2010) to 
assessing complex plant-atmosphere interactions (Kim 
and Jong, 2020).

To gather dimensions and locations of buildings and 
trees as well as elevations of those objects traditionally 
much time is needed. However, with the help of drone 
mapping this information can be gathered in the matter 
of minutes. Drones have been used in various fields to 
collect data quickly and cost effectively (Ventura et al., 
2016; Hill, 2019). Drones are flown over buildings and 
vegetation while taking pictures and recording 
locations and elevations. This information is processed 
using DroneDeploy to create a three-dimensional map 
with locations, dimensions, and elevations. The 
development and use of drones have greatly reduced 
the effort and time to gather information for modelling.

In the present study, drone mapping was used at the 
Catholic University of Pusan campus to acquire the 
vegetation and building locations, elevations, and 
dimensions. This information was used to make a 
three-dimensional geometry using the Envi-met CFD 
software. A wind speed of 5 m/s was used as the 
boundary conditions in the Envi-met CFD software 
and flow fields were calculated. Post processing was 
done using the Envi-met Leonardo software. After 
analyzing the results, optimal locations were 
calculated for a wind turbine installation. 

2. Materials and methods

This study consisted of several steps to ensure the 
optimal wind turbine location to produce the most 
electricity was identified. The Envi-met CFD program 
needs various input data. First, the location, 
dimensions, and elevation of each building was needed 
along with information regarding the trees. Taking 
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measurements by hand to model a campus can 
consume much time if the blueprints are not readily 
available so a DJI Phantom 4 Pro drone was used along 
with its 20 Megapixel camera and DroneDeploy 
software to gather the campus dimensions along with 
elevations. 

With DroneDeploy a flight plan was created and 
modified over the area of interest to obtain enough 
pictures to accurately model the part of the campus for 
the Computational Fluid Dynamics simulations. The 
flight plan which covers much more of the campus that 
was modeled can be seen in Fig. 1. 

The DJI Phantom 4 Pro drone followed the flight 
plan, and 221 high definition photographs were taken. 
As the drone took pictures with pixels of 4864 x 3648 
at an elevation of 111 m from the school’s front 
entrance driveway, the exact longitude and latitude of 

each picture was recorded with its satellite positioning 
system. These pictures were processed by a program 
called DroneDeploy. DroneDeploy made a 3-D model 
of the school campus which made it easy to measure 
dimensions and elevations of buildings. Those 
dimensions were used to model the campus using the 
Envi-met software. The portion of the campus 
modeled can be seen in Fig. 2 where each unit cell is 2 
meters cubed. The domain was a cube with sides of 200 
meters. 

To find the optimal locations to install a wind 
turbine at the Catholic University of Pusan the CFD 
results need to be obtained and analyzed. According to 
the meteorological data found on the Korea 
Meteorological Administration website, the average 
daily wind speed for the year was 3.2 m/s and many 
days were over 5 m/s. Since most wind turbines do not 

Fig. 1. The drone’s flight plan over the Catholic University of Pusan. The red arrow is pointing north.
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operate well at low wind speeds and electrical power 
output increases exponentially as wind speed 
increases, it was decided to use 5 m/s as the boundary 
condition to find the optimal location for the higher 
wind speeds. The CFD program was run with wind 
directions of southwest, west, northwest, north, 
northeast with a wind speed of 5 m/s. There is a 
mountain south, southeast, and east of the school, so 
those directions were not considered in the 
calculations. Then after the CFD calculations were 
finished the wind speed results were recorded for 4 
elevations, at 47 m, 53 m, 59 m, and 65 m above the 
university entrance using Leonardo, another part of the 
Envi-met suite.

A wind turbine changes the kinetic energy of the 
wind into mechanical energy using blades connected 
to a rotor and then is converted to electrical energy 
using a generator. The power (Eqn. 1) that can be 

produced by a wind turbine is

   × 


 ×                                             (1)

where  is the power produced by the wind turbine, 
 is the efficiency of the wind turbine,  is the 
density of the air,  is the velocity of the air and  is 
the area of the circle formed by the tip of the turbine 
blades as they spin. In this equation we see that 
velocity of the wind is a major factor determining the 
electrical power of the wind turbine. According to 
this equation, when the wind speed doubles, a wind 
turbine can produce eight times more power. 
Therefore, a higher than normal wind speed of 5 m/s 
was used in this study to find the optimal location for 
the wind turbine at peak performance although it is 
not expected to perform at peak performance on most 

Fig. 2. Bird’s eye view of the buildings modeled on the campus which include the Health Science Building (A), 
Information Engineering Building (B), Central Library (C), Administration Building (D), and Student Union (E). 
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days.

3. Results and discussion

It was found most of the variations in the wind 
speed could be seen at elevation of 47 m, 53 m, 59 m, 
and 65 m above the entrance driveway of the 
university’s main campus. As expected, each wind 
direction gave different optimal locations for a wind 
turbine. First, each wind direction will be analyzed 
separately. 

3.1. Southwest 

In Fig. 3 wind speed contours can be seen at 
elevations of 47 meters, 53 meters, 59 meters, and 65 
meters above the campus entrance with the wind in 
the southwest at 5 m/s. When the wind is in the 
southwest, we can see the wind is deflect around the 
Central Library which in turn reduced the wind speed 
around the Administration Building and the Student 

Union. The height of these three buildings is more 
than 47 meters so outlines of them can be seen in Fig. 
3 (a). To the west of the Central Library an area of 
higher wind speeds can be seen at the elevation of 47 
m. This is the result of the wind moving up and over 
the Information Engineering Building. For this wind 
direction, the highest wind speed is found at the 
elevation of 59 m at the southeast corner of the top of 
the Central Library. A wind speed of 7.2 m/s was 
recorded there. In spite of the high wind speed, this 
may not be a good location for a wind turbine due to 
the proximity of the library.

3.2. West 

In Fig. 4, wind speed contours can be seen at 
elevations of 47 meters, 53 meters, 59 meters, and 65 
meters above the campus entrance with the wind in 
the west at 5 m/s. As seen in Fig. 3, the wind is 
deflected around the buildings leaving low wind 

Fig. 3. Wind speed contours for a 5 m/s wind in the southwest at elevations of a) 47 meters, b) 53 meters, c) 59 meters, and 
d) 65 meters. 
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speeds on the back side of the buildings. We also see 
low wind speeds in front of walls of buildings 
directly facing the west. Again, with the wind in the 
west, a higher wind speed can be seen to the west of 
the library above where the Information Engineering 
Building would be. This phenomenon of wind speeds 
increasing above buildings is also seen above the 
Administration Building and Student Union. With 
this wind direction the highest wind speed is at an 
elevation of 65 m at the northeast corner of the 
domain. At this point a wind speed of 7.0 m/s was 
recorded. However since this location is at the corner 
of the domain it is reasonable to believe that this 
wind speed may not be very accurate due to possible 
errors at the edge of the calculated area. 

3.3. Northwest 

Wind speed contours can be seen in Fig. 5 for 
winds in the Northwest. Higher wind speeds than the 

southwest and west cases can be seen with large areas 
of magnitudes more than 7 m/s as indicated by the 
red color. In the northwest there is an elevated area 
with many trees. This causes the wind to be diverted 
up and over the trees which increases the wind speed 
to keep the mass flow the same. Once again, the areas 
above the buildings demonstrate the higher wind 
speeds with the highest wind speed of 8.5 m/s as 
wind throttles off of the northeast and southwest 
corners of the library at an elevation of 59 m. These 
areas produce the highest wind speeds in this study 
but due to the closeness to the building installing a 
wind turbine to harvest this energy may be 
challenging. 

3.4. North 

Fig. 6 shows the wind speed contours when the 
wind is in the north. Here again wind speeds are 
generally higher above the buildings. The higher 

Fig. 4. Wind speed contours for a 5 m/s wind in the west at elevations of a) 47 meters, b) 53 meters, c) 59 meters, and d) 65 
meters.
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Fig. 5. Wind speed contours for a 5 m/s wind in the northwest at elevations of a) 47 meters, b) 53 meters, c) 59 meters, and 
d) 65 meters.

Fig. 6. Wind speed contours for a 5 m/s wind in the north at elevations of a) 47 meters, b) 53 meters, c) 59 meters, and d) 
65 meters.
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wind speeds occur just above the upwind part of the 
Student Union. The wind is deflected upward by the 
building with a throttling effect. The highest wind 
speed is 8.0 m/s at an elevation of 53 m in the area 
north of the Student Union. 

3.5. Northeast 

Finally, wind contours with the wind in the 
northeast is seen in Fig. 7. As in the north cases, the 
front edges of the upwind buildings cause a throttling 
effect increasing the wind speed. There is also a 
nozzle shape between the Student Union and 
Administration Building which increases the wind 
speed between the two buildings. The highest wind 
speed of 8.2 m/s is found to be at the leading edge 
above the northeast part of the Administration 
Building at an elevation of 53 m. It is also important 
to point out that there are higher wind speeds above 
the Student Union and the Administration Building, 

but a shadow is cast on the Information Engineering 
Building and only lower wind speeds are seen there. 
Of the elevations considered higher wind speeds 
cannot be seen above the Central Library either. 

4. Conclusions

To choose the optimal location for a wind turbine, 
the five different wind directions were considered. 
Since wind directions change often, picking the 
optimal location is more complicated than just 
picking the spot with the highest recorded wind 
speed. The location for the highest wind speed for 
one wind direction may be very poor for the other 
wind directions. Therefore, an average Wind Factor 
for all wind directions was calculated for all locations 
and compared. Wind Factor is defined as wind speed 
cubed. The following equation (Eqn. 2) was used for 
that calculation:

Fig. 7. Wind speed contours for a 5 m/s wind in the northeast at elevations of a) 47 meters, b) 53 meters, c) 59 meters, and 
d) 65 meters. 
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Average Wind Factor 
  = (Vsw

3+Vw
3+Vnw

3+Vn
3+Vne

3) / 5                       (2)

where V is the wind speed, and the subscripts denote 
the wind direction. This gives weight to the higher 
wind speeds and more accurately predicts the 
location for the highest electrical output.  

The top 3 locations with their respective elevations 
and coordinates to install a wind turbine when 
considering the electrical power output are shown in 
Table 1 and Figure 8. The area above the Student 
Union at an elevation of 59 m proved to be the place 

where the most electricity would be produced if the 
wind blew equally from the 5 directions studied. For 
this case, the wind speed exceeded 7.5 m/s when the 
wind was in the northeast, north, and northwest. The 
next best location was also above the Student Union 
at an elevation of 65 m. The third best location is 
above the Central Library at an elevation of 71 
meters. If it can be determined that the wind blows 
more from a certain direction a weighting factor for 
each direction would need to be added to the Average 
Wind Factor equation. It should be noted that 
although a wind speed of 5 m/s was used for the 

Location Elevation X Y Average Wind Factor Wind Speed Equivalent

1. Student Union 59 m 83 88 358.60 7.105 m/s

2. Student Union 65 m 81 83 357.36 7.096 m/s

3. Library 71 m 51 38 339.52 6.976 m/s

12

3

Fig. 8. Top 3 optimal locations to install a wind turbine to produce the most electricity.

Table 1. Optimal locations for a wind turbine to produce the most electricity
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upwind boundary condition, the wind speed 
equivalent was more than 40% higher for the top 2 
positions showing that many places that seem to have 
wind speeds that are too low for a wind turbine may 
have more than enough. Using Eqn. 1 above it can be 
shown that a wind speed of 7 m/s can produce 274% 
more electrical power than a wind speed of 5 m/s. 
Finding the right locations that have throttled wind 
speeds is the key to producing a considerable amount 
of electrical power using wind turbines in a setting 
with buildings and other structures.

In this study it was shown that drone mapping 
software such as DroneDeploy can be used in 
creating a detailed 3-D map which can be used for 
modelling in a CFD program. This technology can 
save many hours in accurately measuring buildings 
and elevations that are not known. In the future 
additional advances in the drone mapping technology 
can be used to seamlessly connect 3-D maps to CFD 
software to obtain wind flow patterns around 
buildings and other structures. As advancements in 
noise reduction increase, wind turbines may be used 
closer to buildings and populated areas. Studies like 
this one will be very helpful to determine the optimal 
placement of wind turbines.
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