2022 1EEE 5th International Symposium in Robotics and Manufacturing Automation (ROMA) | 978-1-6654-5932-7/22/$31.00 ©2022 IEEE | DOI: 10.1109/ROMA55875.2022.9915681

IEEE 5th International Symposium in Robotics and Manufacturing Automation, 6-8 August 2022, Malacca

Review of Recent Works on Internet of Things-

enabled Small-scale Wind energy Portable Turbines
(IoT-SWEPT) for Wind Energy

Sami Salama Hussen Hajjaj, SMIEEE
Institute of Informatics and Computing in Energy (IICE)
Centre for Advanced Mechatronics and Robotics (CaMaRo)
Universiti Tenaga Nasional (UNITEN), Selangor, Malaysia
ssalama@uniten.edu.my

Abstract—In recent years, efforts to harness wind power
worldwide have accelerated. Researchers identified locations
for potential Wind farms (with sufficient outputs) near the
northern coastal regions. However, assuming these wind farms
were built and power was generated, this power still needs to be
transmitted to the end-user through the electrical Grid. Due to
the remote locations of these farms, and the very nature of Wind
Power, integrating this power into the Grid becomes a challenge.
An alternative source of Wind Power could be the world's vast
network of superhighways and city roads. Recent studies in
Malaysia showed that the annual aerodynamic energy loss of
moving vehicles on Malaysian highways is estimated at 1.2
MTOE (Million Tons of Oil Equivalent, with 1 TOE = 11.63
MWh). In recent years, advances in Small-scale Wind energy
Portable Turbines (SWEPT) have made them a viable option.
Furthermore, the Internet of Things (IoT) could play a role in
further enhancing these SWEPT units by connecting them to the
cloud to enable remote monitoring and controlling. These IoT-
SWEPT would allow developers and researchers to monitor
deployed SWEPT units from anywhere and anytime, so long as
they are connected and hold proper credentials. This paper
reviews recent reports on these developments.

Keywords—Wind Power, Renewable Energy, Wind Power of
Highways, Portable Wind Turbines

I. INTRODUCTION

In recent years, efforts to harness wind power have
increased exponentially, with countries like China, US,
Germany, Netherlands, and Spain taking the lead.
Researchers realized that the first challenge to securing Wind
Power is identifying ideal locations for the potential Wind
farms and then setting up the farms to capture and deliver that
energy to the end-user. Research shows that the ideal
locations for such farms are often at remote locations, such as
rural regions, beaches, hilltops, or even offshore. To identify
and select the location, the researchers need to visit the
potential location (In-Situ data collection) and collect the data
regarding the wind properties.

Secondly, wind power depends on wind patterns, such as
wind speeds, direction, and consistency. As a result,
integrating the power generated from wind farms into the
electrical Grid becomes a challenge [1-3].

However, there is an alternative source of Wind Power,
the world's vast network of superhighways and city roads.
Trucks, buses, trains, and other vehicles traveling fast on
highways and roads generate winds in the areas very near to
these roads. And these vehicle-generated winds are very real
and could be translated into energy [4-6]. A recent study in
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Malaysia investigated precisely that. Researchers measured
the aerodynamic energy created by moving vehicles and
estimated the amount of energy lost (due to not being utilized)
on Malaysian highways to be around 1.2 MTOE, or 1.2
Million Tons of Oil Equivalent, with 1 TOE = 11.63 MWh,
that is a staggering 14 GWh [7].

On the other hand, research on Small-scale Wind energy
Portable Turbines (SWEPTs) has also advanced in recent
years. For example, developers created SWEPT units that can
be installed onto moving vehicles and then be used to capture
wind energy as the vehicle moved, with research focusing on
balancing between efficiency and aerodynamics. This paper
reports on these developments, as discussed below [8].

Among the main problems faced when setting up a wind
farm is the lack of precise and accurate data on wind speed
and direction from a particular location. Moreover,
researchers must travel to remote places to gather the required
data. Finally, not all potential areas for windfarm can be
studied simultaneously because it needed more time to study
and forecast the wind data on the actual location (In-Situ),
especially for multiple potential areas [9].

These problems can be resolved by using the Internet of
Things (IoT), by creating connected data-gathering devices
that can measure wind speeds and directions and broadcast
that information to the researchers, wherever they are, as long
as they are connected. Using these devices, researchers can
obtain and study real-time data from the comfort of their
home labs or stations. For example, the data collected over a
prolonged period can be used in addition to meteorological
data to verify if a particular place has the potential to set up a
wind farm there [10].
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Fig. 1. Outline of Reviewed Topic

Figure 1 shows the outline and overview of this review paper,
showing the numbers of reviewed articles, related regions,
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and countries based on the topics. This paper reviews recent
reports related to these issues, specifically on the potential of
highways & city roads as a viable source of Wind Energy.

Secondly, on the design and development of Small-scale
Wind energy Portable Turbines (SWEPT) units. Finally,
current trends and practices in implementing the Internet of
Things (IoT) and other technologies (Non-IoT) for renewable
energy in general and wind energy in particular.

These reviews include technological solutions, surveys
and studies, and proposals for implementing IoT effectively
for wind energy generation.

II. EASE OF USE HIGHWAYS AND CITY ROADS AS A SOURCE
OF WIND POWER

Vertical Axis Wind Turbines (VAWTSs) are a promising
technology to capture power from these vehicle-generated
winds. Placed directly on the road, power generated from
VAWTs can be used to power lights, traffic signals,
emergency equipment, and guiding signs and can also be used
for future technologies such as IoT-based smart roads and
infrastructure [11]. Developing effective VAWTs is not the
primary challenge; the technology behind VAWTs is well
established and available. Instead, the main challenge is often
identifying the ideal locations (along the roads and highways)
to install the VAWTSs for maximum power generation [12-
14]. The challenge can be mitigated with C-VAWTs,
Connected VAWTSs, or VAWTs that are linked to the cloud
via the Internet of Things (IoT). C-VAWTs can then be
deployed in potential locations, left to operate with minimal
on-site supervision while being remotely monitored. As a
result, the process of identifying ideal locations becomes
more efficient and cost-effective [15].

The vertical axis wind turbines can be configured in two
ways. The Savonius and Darrieus wind turbine. Savonius
wind turbine is simple to construct, looks better than a
traditional wind turbine, and is easy to maintain. However,
the speed is restricted. As a result, they are not very popular
on a large scale. This type, on the other hand, can be
beneficial for small-scale projects. It has low efficiency and
is drag-driven [16-19]. The Darrieus wind turbine, on the
other hand, can reach high speeds and is thus popular among
large-scale energy producers. However, it is not simple and
comes in three different shapes: oval-shape rotor, H-rotor,
and spiral type. In addition, it is high-efficiency lift-driven
[20]. There has been significant research on large-scale
vertical axis wind turbine (VAWTSs) installations in the
United States and Canada since the 1970s and 1980s.
However, their applications were gradually halted due to
falling fossil fuel prices. In addition, because of significant
investments made by many countries over the last 20 years,
most large-scale wind turbines installed today are horizontal-
axis wind turbines (HAWTSs), which has slowed the progress
of VAWT technology [21].

However, environmental concerns and energy security
concerns in an urban environment have recently been
renewed interest in various types of VAWTs. Vertical axis
wind turbines (VAWTSs) are simple to install, have low noise
levels, and are environmentally friendly urban applications.
Furthermore, as the number of passing vehicles increased, the

smart VAWTs rotated effectively [22]. Table 1 below
summarizes the discussion on VAWTs, C-VAWTs, and the
type of vertical wind turbine.

Table 1 Summary of VAWTs

Vertical Axis Wind Turbines (VAWTs)
Technology

Purpose

To monitor and identify the potential wind

C-VAWTs energy location using the IoT platform

Savonius wind

turbine For small-scale projects, less complexity

Darrieus wind

turbine Large-scale energy production

III. SMALL-SCALE WIND ENERGY PORTABLE TURBINES
(SWEPTS)

Rather than capturing wind energy from the side of the road,
researchers realized they could use the Small-scale Wind
energy Portable Turbines (SWEPTSs), we can capture energy
onboard moving vehicles directly [23-25]. Power output is
proportional to the square of the radius of the wind turbine
and the cube of the wind velocity. Researchers realized that,
as the size of the wind turbine and the wind speed decreases,
the power decreases drastically. They also identified
Structural factors such as modularity, reliability, and cost
play vital roles in the design of SWEPTSs [26-28]. Researchers
also implemented computational frameworks to evaluate the
aerodynamics and aero-acoustics of SWEPT units to ensure
a balance between aerodynamic fluency & maximized output
[29]. The aerodynamic performance and the aerodynamic
acoustics of full-scale horizontal-axis wind turbines were
further investigated. Based on these analyses, researchers
concluded that the wind turbine operations on moving
vehicles could be optimized by adjusting the rotating speed
according to the inflow wind velocity [30].

These conclusions were based on the simulation
frameworks they implemented, namely, the Large Eddy-
Simulation (LES) for dynamic rotations near the wake of
horizontal-axis wind turbines under turbulent inflow and the
Ffowcs Williams-Hawkings (FW-H) framework was utilized
for the aero-acoustic calculations [31]. Some researchers
have built working prototypes of SWEPTSs, such as the wind
turbine-driven generator [32] and the portable wind power
apparatus for recharging batteries [33], a sketch of which is
shown in Figure 2. These efforts combine mechanical and
automotive engineering design elements. SWEPT units can
be mounted on the roof of vehicles. As the car moves
forward, a current of air flows through the inlet where the
wind turbines and blades are housed, causing them to rotate,
driving electrical generators and creating electricity [34].

This power is then stored in onboard batteries, which can
be utilized for any purpose, whether for the car itself or at
home. Furthermore, with the development of electric or
hybrid vehicles, this design could be ideal for charging the
car's batteries, thus extending the mileage and efficiency [35].
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It relates to a wind turbine augmented by a diffuser for
driving a generator of electricity in particular to such a turbine
wherein an element of the diffuser can be folded to reduce the
diffuser's size and limit charging by the generator under very
high wind conditions. As seen in the patent design, a turbine
may be augmented by a diffuser. The diffuser is a duct that
produces deceleration of the moving fluid, such as the
moving air, resulting in increased fluid pressure. The
combination of a diffuser with a turbine increases the
effectiveness of the turbine by allowing it to extract more
power from the air incident upon the turbine [36, 37].

Fig. 2. Portable Wind Turbine Mounted on Vehicle [33]

Another SWEPT consisted of a portable wind turbine
generator that is provided with a battery cartridge and the
cartridge line, the battery cartridge and the connecting shaft
threaded connection, the connection shaft surface is provided
with a thread, is a telescopic structure, the overall height of the
apparatus can be adjusted. While the box and connecting rod
threaded connection, can be disassembled, the entire
apparatus can be detached from the connecting rod at the top
and bottom of the battery cartridge according to the actual
situation, portable installation, the battery cartridge, the
cartridge line, the connecting rod, and the equipment case
communicate with each other, to facilitate erection and
installation; easy removal of the present invention is mounted
while the portable for fieldwork [38].

It is commonly known that traditionally, a wind turbine
has a single rotor to capture kinetic energy. This dual rotor
wind turbine was introduced to maximize the harvesting of all
available wind energy. This idea was suggested because the
airstream after the first rotor on a wind turbine is moving
slower than the airstream.

Therefore, the wind airstream is wider after the first rotor,
and the second rotor can harvest the excess wind flow after the
flow. The gap of this dual rotor wind turbine is not to be seen
many in any wind farms around the world. Hence, it would be
a good design concept, and also, the efficiency of this dual
rotor of the wind turbine can be validated in modern
computer-aided software such as Solidworks and PTC Creo
[39-42].

The discussion on SWEPTS in this part is summarized in
Table 2, mentioning a few kinds of research on a small-scale
portable wind turbine.

Table 2 Summary of research on SWEPTs

SWEPTS related research

Research Output/purpose

SWEPT can capture energy onboard

Swept utilization moving vehicles directly

Computational Evaluate the aerodynamics
frameworks performance of SWEPT

Large Eddy- Horizontal-axis wind turbines
Simulation (LES) simulation under turbulent inflow

Ffowcs Williams-
Hawkings (FW-H)
framework

Aero-acoustic calculations

Generator, battery recharging, diffuser
and turbine combination, telescopic
structure, dual-rotor wind turbine

Researches on
SWEPT components

Implementation of
SWEPT

Electric and hybrid vehicles with
SWEPT

IV. THE PREVIOUS METHOD FOR WIND ENERGY
MANAGEMENT (NON-IOT)

Efforts to harness Wind energy in Malaysia started in the
early 1990s. However, these efforts were not fruitful as they
relied heavily on data obtained from local meteorological
stations located in low wind speed areas. Malaysia faces even
more significant challenges in harnessing wind energy, as it
is situated in a low wind speed region. Therefore, researchers
concluded that wind data should be obtained over extended
periods to account for fluctuations and seasonal effects [43].
Researchers then focused on identifying wind patterns; they
used the Mycielski algorithm and K-means clustering
methods to predict wind speed.
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Fig. 3. The flow of the Myscielski algorithm

Results obtained from this method were then compared
using a Weibull distribution. Using this method, researchers
have successfully predicted the wind speed in Kayseri, [zmir,
and Antalya. Figures 3 and 4 below show the Myscielski and
K-means clustering method flow. These methods were used
to predict wind speed in Kudat (Malaysia), and the results
were promising and fairly accurate [44]. Researchers made
efforts to simulate wind patterns and turbine performance.

Authorized licensed use limited to: Marquette University. Downloaded on April 24,2024 at 18:08:51 UTC from IEEE Xplore. Restrictions apply.



One such effort is the FAST program developed by the
National Renewable Energy Lab (NREL). The flow chart in
Figure 5 shows the basic flow of the FAST program [45].

In Spain, one of the main European pioneers in the wind
energy sector, their wind turbine generators has been
operating successfully for over 15 years, well above the
average wind turbine lifespan. This is because most of their
wind turbines were placed in areas where wind energy is
consistent throughout the years, with constant maintenance
carried out throughout the year [46]. Figure 6 shows the
location of the wind farms installed and developed with an
increased annual capacity of power harvested in Spain.
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As for the industry behind wind power, China takes the
lead with 48% of the global wind farms. A collection of
European nations, namely Germany, Spain, and Denmark,
account for 19.7% [47].

Another potential for wind energy is the global offshore
locations, where floating farms could be created to generate
energy from the strong wind gusts that occur there throughout
the year. The only problem is identifying ideal locations for
such farms. Researchers implemented the Geographical
Information Systems (G.I.S.) method, to estimate potential
offshore locations [48].
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Fig. 6. Geographical distribution of installed WFs in Spain [47]

In Turkey, despite being surrounded by seas on three
sides, they haven't found an efficient way to harness the
potential of wind energy fully. So, researchers there devised
a 3-step process to identify potential locations. The first step
is to study the suitability of possible sites with an average
wind speed of over 3(m/s). Next, they would use MCSS
methods to find the best locations and perform statistical
analysis of wind speed using WASP software [49].

In Brazil, despite having a high potential for wind energy,
it only contributes 2% of its electricity. So, the Brazilian
government set up competitive auctions for the private sector
to set up and operate wind farms in the country. They also
introduced a few investment coordination mechanisms to
reduce financial risks, further attracting the private sector. As
aresult, wind energy now competes with hydro, biomass, and
energy sources in Brazil [50].

The progress of solar and wind technology is a prime
example that technology policy can steer the future in a
specific direction. However, the potential of the renewable
energy transition is not yet fully realized by some key
decision-makers and analysts. They need to realize that all
parties should continue to contribute to ensuring the change
is done successfully for the good of our future [51].

Due to offshore wind farms' rapid growth, the projects
must be managed as efficiently as possible. Therefore,
researchers proposed the Levelized Cost of Energy (LCOE)
approach to evaluate the feasibility of offshore wind farms.
This includes both the energy production and the wind farm's
lifetime costs [52].

All methods from researchers above are for wind energy
management, including wind profile prediction, wind pattern
simulation, offshore location estimation, investment
coordination, and other evaluation. However, those methods
are current general approaches from a few countries with no
IoT utilization. The IoT-based methods in wind energy
management will be discussed in the next section. The
summarized discussion can be found in Table 3.
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Table 3 Previous Non-IoT method for Wind Energy Management

Previous Non-IoT methods for Wind Energy Management

Method Purpose

Mycielski algorithm and K- to predict wind speed and

means clustering methods patterns

FAS.'T program by the Simulate wind patterns and
National Renewable Energy turbine performan

Lab (NREL) urbine performance

Geographical Information
Systems (G.I.S.) method

To estimate potential offshore
locations

Perform statistical analysis of

WASP software .
wind speed

investment coordination
mechanisms

Investment management for
wind energy

Evaluation of lifetime energy
production and lifetime costs
of the wind farm

Levelized Cost of Energy
(LCOE) approach

V. THE INTERNET OF THINGS (I0T) FOR WIND
ENERGY

With the recent development in wireless and networking
technologies, such as RFID, W.S.N., R.T.S. cloud
computing, and others, the potential for IoT to further
empower renewable energy systems is very high. This is
especially true as the focus shifts towards miniaturization,
portability, and power consumption [53].

To support the Energy industry, including renewables,
IoT systems need to support extensive configuration controls
often found in an energy farm. To overcome this issue,
researchers proposed autoconfiguration platforms. They
modified the current "OBSERVE" operation to "ININT", in
which a device can identify the detailed attributes and
functions of a system autonomously, rather than need to be
pre-configured in detail by the operators [54].

Researchers also implemented a low-cost monitoring
system using Raspberry Pi; they used sensors for humidity,
light, and temperature of the building. Through IoT, the users
were able to monitor the collected building data as long as
they were connected to the web [55].

A method from other researchers used other components
along with the Raspberry Pi, such as (b) Arduino, (c) ZigBee
radio transceivers, (d) sensors, and other miscellancous
components. To reduce the cost and complexity of the
system, they combined the gateway nodes of the wireless
sensor network, database server, and web server in one
single-board computer (S.B.C.) hardware platform [56]. In
other work, Intelligent Multi-cellular Network Connectivity
was introduced to be utilized in IoT applications. This method
can handle multiple nodes of applications with a single IoT
board. From that, the low-cost monitoring system can be
improved in the complexity case [57].

As for IoT services and applications, researchers also
organized IoT systems into construction, deployment,
termination, execution, and reconfiguration cycles [58].

By setting up these generic life cycles, they could obtain a
better understanding of the problems they attempted to solve
through the use of IoT devices, systems, and applications
[58].

Once data is broadcast to the cloud, issues such as security
and storage come to mind. Researchers proposed secured
storage protocols that utilize control policies and
cryptography concepts for added security. The proposed
architecture focuses on the main four components of a cloud-
based system, the things (data gathering devices), the
gateways, the network infrastructure, and the cloud [59].

Researchers in China aimed to overcome issues limiting
their wind energy potential by improving current design
methods and counter-measures. Therefore, the Raspberry
was utilized to develop Building Monitoring System to
monitor the environmental parameters, including
temperature, light, humidity, and barometric pressure. This
environmental monitoring system can be used in performing
data analytics and forecasting for future energy harvesting.
Thus, it ensures China remains the leading country in wind
energy and is an example to other nations as well [60].

Revisiting the issue of data security and privacy,
researchers suggested the application of data provenance, a
very active research area in the database and data mining
research communities. It focuses on the problem of detecting
the origin, the creation, and the propagation processes of data
[61]. Researchers conducted comparative analytical studies
to vet these platforms to resolve this issue. The studies
covered the development, application, device management,
system management, data management, and a few other
parameters of each platform.

The study found that research-specific platforms are very few
and that each platform has its strengths and weaknesses. The
full report can be found here [62]. To study the potential of
WashCO, LinkCo, and InterfaceCo collaborated and carried
out their applications by applying [oT to washing machine
systems. It concluded that the prospect of IoT is enormous.
However, certain factors such as accessibility, security, and
data management are still issues of concern that need to be
managed to ensure the success of operations [63].

A few researchers studied on implementation of IoT in
renewable energy management. Hybrid MicroGrid with IoT
was developed for a hybrid power grid system between
homes. The users between the grid systems can export and
import their home renewable energy using the web interface
[64]. Researchers tested a lightning system supported with
IoT and fuzzy logic to improve renewable energy resources
efficiency, which is about 24 per cent [65].

An ToT-based energy harvesting system was developed
and studied specifically for the renewable energy from water
flow. IoT system was used for data monitoring and study.
Based on their evaluation of IoT data, the amount of energy
harvested from the water flow depends on the source and rate
and harvester sensor orientation [66]. A new prototype named
Seismic-Volcanic Monitoring Center of the Azores
(CIVISA) is proposed for renewable energy monitoring. This
energy monitoring prototype was powered with solar energy
and controlled by a monitoring device [67].

Authorized licensed use limited to: Marquette University. Downloaded on April 24,2024 at 18:08:51 UTC from IEEE Xplore. Restrictions apply.



PV 8 Wind Power
Generator

Web based 1 )
Monitoring . A
Software -

E LoRa Node
r (Arduino)
<~ LoRa
W (Long Range Network)

sub-1Ghz

LoRa Gateway

Battery & (Raspberry Pi)

Controller

Fig. 7. Renewable energy monitoring system architecture

Other researchers also used LoRa and LoRaWan for IoT
platforms. These works are specifically for wind and solar
energy harvesting monitoring. The LoRa nodes were attached
to wind turbines and other wind generators with sensors, data,
and power interface. The architecture of the monitoring
system can be found in Figure 7. The systems collected the
energy status data from the generator for monitoring and
further study and evaluation [68-69].

The IoT approaches have been discussed in this section,
where the IoT was used in the general application and also
related to energy harvesting, renewable energy management,
efficiency study, and data storing security. Some approaches
are related to wind energy monitoring, and other approaches
are generally related to renewable energy. Those IoT base
methods were summarized in Table 4.

Table 4 loT-based method for wind energy

IoT Implementations in Wind Energy

Method Purpose

Identify the detailed attributes

Auto configuration and functions of a system

platforms

autonomously in energy farms

low-cost monitoring system
using Raspberry Pi

Monitor the collected building
data

Intelligent Multi-cellular
Network Connectivity

Handle multiple nodes of the
application

Secured storage protocols

For data cloud security

Building Monitoring
System

Monitor the environmental
parameters, for data forecasting
in future energy harvesting

Hybrid MicroGrid with IoT

Export and import of renewable
energy platform

10T and fuzzy logic-based
lightning system

Improve renewable energy
resources efficiency

IoT-based energy
harvesting system

Energy extraction from the
water flow

Seismic-Volcanic
Monitoring Center of the
Azores (CIVISA)

Renewable energy monitoring

LoRa-based IoT platforms

Wind and solar energy data
monitoring

VI. CONCLUSIONS

This paper reviews current trends in two research areas
that utilize wind power from superhighways and city roads.
The first is the Connected Vertical Axis Wind Turbines (C-
VAWTs), and the second is the Small-scale Wind energy
Portable Turbines (SWEPTSs). The paper also reviews recent
practices in implementing the Internet of Things (IoT) for
general renewable energy and wind energy.
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