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ABSTRACT

This paper analyses the wind speed in San, Isidro, Bacolor Megadike Access Road. Also, the feasibility study of
implementing wind turbines to take advantage of wind powered roadway lighting is reviewed and then the subject of
wind speed and wind potential at different stations is considered. This energy can be harvested using vertical axis wind
turbines (VAWT). This paper utilized wind speed data over a period of 2 months between January to February from 3
locations, the first location has a plus code of 2JHX+77H. The location one is located across the San Isidro approach
and has an open area where no trees can obstruct the wind. Location two has a plus code of 2JGX+XFW and is 100
meters apart from the location one. The third location has a plus code of 2JGX+MMW, to assess the wind power
potential at these sites. In this paper, the hourly measured wind speed data at 3 meters, 5 meters and 8 meters height for
San, Isidro, Bacolor Megadike Access Road have been constantly analysed to determine the potential of wind power
generation. The results showed that most of the locations have an average wind speed of 5.83 m/s and 6.83 m/s which
is considered as acceptable for installation of wind turbines. Location 1 has higher wind energy potential with January
and February wind speed average of 6.83 m/s, at height of 8 meters above ground level. This site is a good candidate
for remote area wind energy applications. This work presents a study of using a H Darrieus VAWT specially designed
for applications where less power is needed. The designed turbine has a power output of 636.064W, a torque value of
88.797 N.m, and a tip speed ratio (TSR) of 1.2699. The findings of this feasibility study will provide valuable insights
into the viability of wind energy harvesting for sustainable roadway lighting in San Isidro, Bacolor. Megadike Access
Road.

Keywords: Vertical Axis Wind Turbine, H- Darrieus, Feasibility study, Wind energy harvesting, Wind speed, Power
output and Wind potential

1. INTRODUCTION

Wind energy harvesting for electricity generation, which was initially introduced in 1970, has become increasingly
popular as the world shifts towards a carbon neutral renewable energy focus. Wind energy plays a crucial role in
addressing the issues related to the depletion of fossil fuels and the environmental problems they cause. It also helps
meet the increasing energy demand resulting from population growth, economic development, urbanization, changes in
lifestyles, and technological advancements. [1,2]

1.1 Wind Turbine

The rotor blades of a wind turbine, which function similarly to an airplane wing or a helicopter rotor blade, use
aerodynamic force to convert wind energy into electrical power. The air pressure on one side of the blade drops as the
wind blows across it. Both lift and drag are produced by the difference in air pressure on the two sides of the blade. The
rotor rotates because the lift force is greater than the drag force. If the turbine is direct drive, the rotor is connected to
the generator directly; otherwise, it is connected through a gearbox, which consists of a shaft and a set of gears that
accelerate rotation and enable a smaller generator. Electricity is produced by this conversion of aerodynamic force to
generator rotation. [3] Advancements in wind turbine technology continually enhance their efficiency, reduce noise
levels, and enable them to harness energy from a broader spectrum of wind velocities. Wind power currently constitutes
a significant proportion of the global energy blend and is crucial for reducing greenhouse gas emissions and stopping
climate change. Due to its renewable nature, wind energy is being heavily invested in by numerous countries, with
continuous advancements in technology to cater to the growing global energy demand.

1.1.1 Horizontal Axis and Vertical Axis Wind Turbines

The Horizontal Axis Wind Turbine (HAWT) is the prevailing configuration for turbines. The propellers and turbine
mechanisms are elevated on a massive pedestal, situated well above the ground. Whether they improve the landscape is
subjective and depends on personal preference. Nevertheless, it is undeniable that the elevated positioning of their
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mechanisms poses a drawback when maintenance is necessary. In addition, a mechanical yaw system is necessary to
align them so that their horizontal axis is at a right angle to the wind and facing it directly. The potential power generation
is directly proportional to the swept area (diameter) of the rotor. Therefore, a larger diameter is necessary to generate
more power. The blades endure significant thrust and torque forces; thus, their size is constrained by the strength of the
blades [4]

Figure 1 displays multiple conventional vertical-axis wind turbines. The vertical-axis wind turbines rotate around their
vertical axes, which are perpendicular to the ground. One notable benefit of vertical-axis wind turbines is their ability
to harness wind from any direction, eliminating the need for yaw control. By allowing the wind generator, gearbox, and
other primary turbine components to be installed on the ground, the design and construction of the wind tower are
significantly simplified, resulting in a reduction in the cost of the turbine. Nevertheless, vertical-axis wind turbines
require an external energy source to initiate the rotation of the blades. The wind turbine's axis is supported solely at one
end on the ground, which imposes a practical height limitation. [5]
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Figure 1: Different types of vertical axis wind turbine
1.1.2 Vertical Axis Wind Turbines

VAWTS exhibit a diverse array of physical structures and possess intricate aerodynamic properties. Vertical axis wind
turbines (VAWTS) were not only the initial wind turbines to be created, but they have also been constructed and operated
on a scale comparable to some of the largest wind turbines ever manufactured. Vertical-axis wind turbines (VAWTS)
have the potential to achieve coefficients of performance (Cp max) that are similar to those of horizontal-axis wind
turbines (HAWTS). Additionally, VAWTSs possess several notable advantages over HAWTS.

One advantage of Vertical Axis Wind Turbines (VAWTS) is their ability to accept wind from any direction due to their
cross-flow design. Therefore, in theory, they do not require a yaw mechanism to ensure their alignment with the wind,
unlike horizontal axis machines. Another significant benefit is the ability to directly connect the mechanical load to the
VAWT rotor shaft, which can be positioned at ground level. This eliminates the necessity of a large tower to bear the
load of equipment such as the gearbox, generator, and yaw mechanism. Small-scale turbines do not require slip rings
or flexible cables to connect the generator to the load, eliminating the need for such components.

1.1.3 VAWT Types

Over the past few decades, numerous types of Vertical Axis Wind Turbines (VAWTS) have been suggested, and several
comprehensive bibliographies have been released that provide an overview of the research and progress made in
developing these devices. One notable survey on VAWTS is the one conducted by Abramovich [6].

1.1.3.1 Savonius Turbines

The Savonius turbine has gained popularity among wind turbine developers, both professional and amateur, due to its
straightforward and sturdy design.

Several iterations of the Savonius rotor have been devised and evaluated. Nevertheless, the Savonius turbine has not
been utilized for large-scale electricity generation due to its inherently high solidity and consequent high mass.

The Savonius rotor is mainly a device that generates drag, but it also benefits from improved performance due to the
airflow across each vane and the interaction between the two halves of the rotor. All drag machines possess a low
operating tip speed ratio. Devices with higher tip speeds are more suitable for electricity generation compared to this
one. This is because a high shaft speed is generally preferred to reduce the need for a high step-up ratio in the gearbox
that connects the rotor to a conventional electrical generator.

1.1.3.2 Darrieus Turbines

The invention of Darrieus in 1931 [7], which involved a rotor with a high tip speed ratio, created new possibilities for
VAWTSs in terms of generating electricity. Darrieus made a significant advancement by finding a way to increase the
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speed of the blades in a vertical axis wind turbine (VAWT) beyond the speed of the wind. This allowed for the use of
lift forces to greatly enhance the performance of VAWTS, surpassing previous designs that relied mainly on drag.
Darrieus also anticipated numerous realizations of his fundamental concept that would be tested on a large scale many
decades later. These included the utilization of both curved-blade, as depicted in figure 1.2, and straight blade variations
of his rotor. In addition, he suggested potential strategies for actively managing the pitch of the blades in relation to the
entire rotor, with the aim of maximizing the wind's angle of attack on each blade as it moves around the circumference
of the rotor.

1.1.3.3 Straight-blade VAWTS

The name Darrieus is commonly linked to the variant of Darrieus' patent that features curved blades. Considerable effort
over the last thirty years has been dedicated to the advancement and examination of the straight blade iteration of his
initial creation, commonly referred to as the H-VAWT due to the shape of its blades and supporting spars.

The Darrieus family of turbines is known for having a restricted ability to start on their own due to inadequate torque to
overcome initial friction. This is mainly due to the fact that at low rotational speeds, the lift forces on the blades are
minimal. This is especially true for two-bladed machines, where the torque generated by each stationary blade during
start-up is almost identical, regardless of the rotor's azimuth angle in relation to the direction of the incoming wind. In
addition, the blades of a Darrieus rotor experience a condition called stall at low tip speed ratios for most azimuth angles.
Consequently, in order for the rotor to gain speed in a specific wind velocity, it is typically necessary to operate large
commercial machines at a sufficiently high tip speed. [8]

The self-starting capability of a rotor can be improved by implementing various strategies such as: increasing the solidity
of the blades; using an odd number of blades; incorporating a blade pitch mechanism; and utilizing blades that are
skewed, causing the blade azimuth angle to vary with axial distance along the rotor. Hill has recently reported a study
on the self-starting characteristics of small Darrieus machines. [9]

The quantity of blades directly impacts the smoothness of rotor operation by providing the ability to counteract cyclic
aerodynamic loads. The rotor torque fluctuation was higher for turbines with an even number of blades, such as two
blades, compared to turbines with an odd number of blades, such as a three-blade turbine. This behavior could provide
a significant benefit for three-bladed small VAWT architectures, where the higher costs of manufacturing and
installation are less significant compared to larger rotors. [21]

Amidst a period characterized by the rise of cities and a greater dependence on renewable energy, there is a critical
demand for creative approaches to improve road safety and advance sustainability. Highways, functioning as the primary
means of transportation, frequently experience accidents, especially in situations with limited visibility. [10] The
incidence of road accidents in the Philippines is experiencing a significant and swift rise. Road accidents in the
Philippines commonly occur as a result of specific factors, including exceeding the speed limit through reckless driving,
driving under the influence of alcohol, and using a phone while driving. Furthermore, an additional significant factor
contributing to these road accidents is the absence of streetlights, resulting in poorly illuminated streets during nighttime.
A significant proportion of nocturnal road accidents are attributed to limited visibility, inadequate streetlight design, or
the absence of streetlights. According to global road crash statistics, approximately 3000 fatalities occur daily, resulting
in a total of 1.3 million casualties from car accidents each year [11].

Due to the absence of streetlights in the current environment of Mega Dike, Bacolor Pampanga, drivers face an increased
risk while driving, particularly at night. Nocturnal driving poses significant risks and presents more demanding
circumstances for the majority of motorists. The nocturnal fatality rates are threefold higher than the diurnal fatality
rates [12]. Mega Dike Road is a high-risk area for accidents, particularly at night, because it lacks streetlights. According
to SunStar's report from 2014, a collision occurred between a motorcycle and a sports utility vehicle on the Eastern
Mega Dike route in Barangay San Isidro, Bacolor, Pampanga. This accident resulted in the fatalities of both drivers and
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injuries to one passenger [13]. In 2017, a car accident occurred on Mega Dike Road, resulting in injuries to three
passengers and the death of a Central Luzon police officer [14]. Road lighting is crucial for road users, as it helps
illuminate dark areas and enhances safety while driving. It also facilitates efficient transportation by ensuring timely
visibility [15]. Utilizing wind energy potential for sustainable roadway lighting is a significant step towards a safer and
more energy-efficient future for the current generation. This innovative initiative seeks to transform conventional road
lighting systems by utilizing the potential of wind energy, an inexhaustible and eco-friendly power source. Wind energy
production can be sporadic due to its reliance on the presence of wind. The presence of substantial turbulence and the
inherent difficulties in accurately forecasting wind speed pose considerable obstacles to wind harvesting [16].

The primary goal of this research is to assess the feasibility of the wind energy harvesting potential in San Isidro,
Bacolor, Mega dike Access Road for sustainable roadway lighting. Additionally, the study seeks to accomplish the
following objectives: to conduct a site suitability analysis to identify the locations for installing vertical axis wind
turbines along the roadway for energy harvesting, and to evaluate the potential energy output of the wind turbines based
on the assessed wind energy.

2. METHODOLOGY

The study was conducted using the Waterfall methodology, which prioritizes a sequential progression from the start to
the completion of a project. This approach will achieve long-lasting roadway illumination in San Isidro, Bacolor, and
Megadike access roads. The researchers have chosen the Waterfall development process due to its adherence to a
sequential approach and its reliance on tangible results. Moreover, the implementation of the changes is straightforward
during the initial stages of the development process.

3.1 Data Gathering

Data gathering is a crucial step in any research or analysis process. Having wind speed data in Mega dike access road is
the first step in determining the feasibility of wind power potential. According to PAGASA Clark Synoptic/Airport
weather station, there is no available wind speed data in Mega dike access road since their wind velocity measuring
instrument can only measure up to a certain range where it is located. Since there is no available data, the researchers
were advised to explore other sources or methods to obtain wind speed data for the Mega dike access road. The
researchers used a handheld anemometer to measure wind speeds at different locations along the San Isidro, Bacolor,
Mega dike access road. This direct measurement approach provided the researchers with on-site wind speed data, which
was later used in their analysis of wind power potential in the area. The researchers measured wind speed hourly for a
period of two months to gather sufficient data for analysis. The researchers measured wind speeds in three different
locations along San Isidro, Bacolor, Mega dike access road to ensure a comprehensive understanding of wind patterns
in the area. The locations are 100 meters apart and were strategically chosen to capture variations in wind speed along
the Mega dike access road. The researchers also measured three different heights (3 meters, 5 meters, and 8 meters
above ground level) to observe any variations in wind speed with height.
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The Figure above shows the three locations where measuring of wind speed was conducted. The first location has a plus
code of 2JHX+77H. The location one is located across the San Isidro approach and has an open area where no trees can
obstruct the wind. Location two has a plus code of 2JGX+XFW and is 100 meters apart from the location one. The third
location has a plus code of 2JGX+MMW and is 200 meters apart from the first location.

3.2 Designing

The designing phase of this study includes determining the applicable type and specification of the wind turbine,
theoretical computations of the wind turbines output based on the available wind speeds in the area, and using Solid
works application for the wind turbine CFD analysis.

3.2.1 Wind turbine

The design of the turbine was based on the development of the H-Darrieus vertical axis wind turbine by Ibrahim Gaber
Abd. Based on the initial assessment of the available wind speeds in San Isidro, Mega dike access road, the H-Darrieus
type of vertical axis wind turbine is the applicable wind turbine because it was designed for small scale and low wind
speeds scenarios. The researchers may increase the swept area of the turbine to obtain higher power output from the
wind.

Table 1: Turbine main design data developed by lbrahim Gaber [19].

Turbine swept area 3 m?
Turbine diameter 15 m
Blade length 2 m
Number of blades 3 blades
Optimum Tip speed ratio 25 -
Airfoil NACA 0020 -
Fixed pitch angle 6 degree

Table 1 shows the configuration of the wind turbine developed by Ibrahim Gaber. It has a turbine diameter of 1.5 meters,
blade length of 2 meters, and a turbine swept area of 3 square meters. It has 3 blades and uses NACA 0020 airfoil. The
fixed pitch angle of the blades is 6 degrees.

3.2.1.1 Optimum Tip Speed Ratio

The angle of attack must be set to achieve a high lift coefficient (CL), a low drag coefficient (CD), and a high momentum
coefficient (Cm). Then we select the AoA based on these concepts. The analysis computed the coefficient of lift-to-drag
ratio (CL/CD) and the coefficient of lift (C).

3.2.1.2 Airfoil

The airfoil selection analysis will determine the most appropriate airfoil for a vertical axis wind turbine (VAWT) based
on optimal values of angle of attack (AoA), lift and drag coefficient (CL/CD), torque, and coefficient of power (CP).
We selected NACA [0012-0015-0018-0020-0021-4415] airfoils for our investigation. NACA airfoils refer to specific
airfoil shapes designed for aircraft wings, which were developed by the National Advisory Committee for Aeronautics
(NACA). The calculation of analysis will be performed using the XFOIL algorithm and DMST simulation. First, we
analyze the impact of each parameter on all airfoil types and identify the optimal parameter values for each type. Then,
we compare the optimal values and types of airfoils to select the most suitable airfoil.

3.2.1.3 Fixed Pitch Angle

The impact of pitch angle was examined using the Computational Fluid Dynamics (CFD) 6-DOF method, with a
constant mass moment of inertia of 1.39 kg.m2. The turbine is designed to withstand forces at a wind speed of 6.83 m/s.
Obtained from a Computational Fluid Dynamics (CFD) simulation, the data corresponds to a 6-degree pitch angle in a
6-degree-of-freedom (6-DOF) system. In this case, we opted for a rotational speed of 350 RPM as a precautionary
measure.

3.2.2 Computation

The following formulas were used to compute the output values of the wind turbine and were incorporated in the
simulation software to obtain output values.
Sweep area of the turbine [17]
For VAWT:
A=DxH
where:
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D = Diameter
H = Turbine height
A = Area

Calculate the available wind power [17]
Once you know the swept area, you can find the available wind power according to this formula:
Pout=0.5 x px vix A
where:
A = Sweep area (m?
p = Air density (1.225 kg/m3)
v = Wind speed (m/s)
Pout = Available wind power (watts)
Calculating the torque [17]
The torque (or the force causing the rotation of the blades) is calculated from the tip speed ratio (TSR) of the turbine.
po 30
TTRPM T

where:

RPM = Revolutions per minute

7= Torque (Nm)

Calculating the number of revolutions per minute [17]
For VAWT:

TSR
RPM =60xvx——
nxD

where:

v = Wind speed (m/s)

TSR = Tip speed ratio

D = diameter of the rotor (m)
Tip Speed Ratio [17]

Rw
TSR = —
where:
R = radius of the rotor (m)

w = angular velocity (rad/s)
Vo= wind velocity (m/s)

3.2.3 Pulley
dixnm=d2x n2
where:

d; = diameter of the driver pulley (m)

n1 = speed of the driver pulley (rpm)

d» = diameter of the driven pulley (m)

ny = speed of the driven pulley (rpm)

3.2.4 Simulation of the wind turbine

After obtaining the output values of the wind turbine based on the gathered wind speed in the area, the researchers
proceeded in computational fluid dynamics (CFD) analysis of the wind turbine using Solid works software. The
simulation can give the power output, torque, angular speed, and tip speed ratio of the wind turbine on different wind
speeds.

3.2.5 Determining the size of the generator

In determining the size of the generator, the torque output, angular velocity, and power output of the wind turbine must
be considered. The ideal generator for the turbine should be able to efficiently convert the mechanical energy from the
rotor into electrical energy while meeting the power requirements of the system. A low rated rpm generator with high
torque capability would be suitable for a wind turbine operating at low rotational speeds.

3.2.6 Determining the number of loads

The capacity of the generator will determine the number of loads that can be powered. The size of the load will depend
on the lamp wattage requirement on a specific road type according to the placement guide for roadway lighting given
by the Department of Energy
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3.2.7 Design and specification of the roadway lights
3.2.7.1Structural System of the lighting
Pole Height

The specified pole height must ensure that the illumination intensity and uniform brightness of the covered area align
with the standards outlined in Table 2. To obtain information regarding height and illumination recommendations, please
consult Table 2.

Pole Placement

The selection of pole placement shall be determined by considering the geometry, character of the roadway, physical
features, environment, maintenance policy, economics, aesthetics, and overall lighting objectives. To determine the pole
configuration, consult the limits specified on DOE manual page.

Lighting Arrangement

A unilateral arrangement, where all lighting fixtures are positioned on one side of the road, should be employed when
the road width is equal to or less than the mounting height.

Mounting Height

The mounting height refers to the vertical distance between the center of the lamp and the surface of the ground
Spacing

Spacing is the measurement of the horizontal distance between poles that support the luminaire.

Since the Mega dike access road has a width of 7 meters and is classified as a minor road, the lighting poles are arranged
in one-sided. The lamp wattage required for the road is 70 watts and a spacing of 10 to 40 meters apart. The mounting
height of the lamp is 8 meters and has a mast arm length of 1.5 meters.

3.2.7.2 Design Consideration for Road Lighting

The primary factors that determine the lighting of roads for motorized traffic are the luminance level and uniformity of
the carriageway, the illuminance level of the surrounding areas, the limitations of disability and discomfort glare, and
the need for clear visual guidance. The lighting criteria employed include the maintained average road surface
Luminance (Lav), the overall (Uo) and longitudinal (UI) uniformity of the Luminance, the surround ratio (Rs), and the
threshold increment (.
The values mentioned are specifically applicable to roads that are of sufficient length to allow for the use of the
luminance concept. The consideration of the surround ratio is only applicable to roads that have an adjacent
footpath/cycle path, unless there are specific requirements stated [20].

3.3 Implementation

The gathered data for the wind speed will be used for the implementation and calculation of the required size of the
rotor blades of the turbine. Calculating the size of this is necessary to maximize the speed output in reference to the
wind speed tip ratio. This consists of the effectiveness of wind velocity in the context of a wind turbine designed to
harness energy from the chosen area in a historical and real-time data. This approach enables the optimization of the
wind turbine's orientation and design to capitalize on the specific wind patterns. The historical data, capturing the
variability and trends in wind behavior over time, supplements the real-time measurements, providing valuable insights
for refining the turbine's efficiency. This innovative implementation considers ensuring that the wind turbine is
strategically positioned and configured for maximum energy capture.

3. RESULTS AND DISCUSSION

January Daily Average Wind Speed
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Figure 4: January daily average wind speed
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As shown in figure 4, daily average wind speed varies on the location and height, as the height increases the daily
average wind speed increases on a specific location with a 100 meters distance. The graph shows that location one (1)
has the highest daily average wind speed than other locations ranging from 1.76 m/s to 6.83 m/s. Also, the wind speed
peaks on location one (1) with the height of 8 meters.

February Daily Average Wind Speed
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Figure 4.1: February daily average wind speed
Figure 4.1 presents the February daily average wind speed. Same as the month of January, the highest daily average
wind speed is at location one (1) ranging from 5.83 m/s to 6.83 m/s and the peak wind speed was measured at the height
of 8 meters high.
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Figure 5: Dimension of the Darrieus Vertical Axis Wind Turbine
Figure 5 shows that the swept area of the vertical axis wind turbine was increased by simply increasing the diameter to
2 meters and the length of the blades to 2.5 meters. The height of the turbine is 8 meters high since the highest wind
speeds in the area were obtained in the height of 8 meters.

@International Journal Of Progressive Research In Engineering Management And Science Page | 110



e-ISSN :

INTERNATIONAL JOURNAL OF PROGRESSIVE 2583-1062
IJPREMS RESEARCH IN ENGINEERING MANAGEMENT

AND SCIENCE (IJPREMS) Impact
. (Int Peer Reviewed Journal) Factor :
WWW.ijprems.com
Vol. 04, Issue 09, September 2024, pp : 103-116 5.725

editor@ijprems.com

\Y/

RS

Y

(A

AY

Figure 5.1: 3D Model of Darrieus Vertical Axis Wind Turbine
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Figure 6.1: CFD Analysis using Solid works
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Table 3: Results of the Wind turbine simulation using Solid works

Name Unit Value

Wind Velocity m/s 6.029

Drag or Return Force N 6.475
Lift or Forward Force N 66.428
Torque N*m 88.797
Power Output w 636.064

Angular Velocity Rad/s 7.655

Tip Speed Ratio 1.2697751

The table shows the power output of the wind turbine with a value of 636.064W, a torque value of 88.797 Nm, angular
velocity of 7.655 rad/s, and a tip speed ratio (TSR) of 1.2699. The output of the simulation will be used to determine
the size of the generator based on its specification such as the rated speed and start-up torque.

Generator

Based on the outputs of the wind turbine simulation, the researchers will use the PMG-2000L single-phase permanent
magnet generator which only requires a low rated speed to generate electricity.

Table 4: Single-phase generator specifications

Description PMG-2000L
Rated Power 2000W
Max Power 2200W
Rated Voltage 24V-220V
Rated Speed(rpm) 300rpm
Output Current AC
Start Torque(<N*M) 0.7Nm
Rated Torque(<N*M) 32Nm
Generator Single Phase Permanent Magnet
Shaft Material Stainless Steel
Shell Material Aluminium Alloy
Magnet Material NdFeB
Protection Grade P54
Lubrication Lubrication Grease
Working Temperature -40°C -80°C

The generator has a rated power of 2000 watts and a maximum power of 2200 watts. The generator requires a speed of
300 rpm to generate a voltage output of 220 volts alternating current (AC). Starting torque of 0.7 Newton meter (Nm)
and a torque of 32 Nm. The generator has a single-phase permanent magnet having a stainless-steel shaft and aluminum
alloy shell. The magnet is Neodymium (DdFeb) with IP54 for its protection having a lubrication grease. The generator
working temperature is ranging from -40°C -80° Celsius.

Pulley

The driver pulley which is attached to the shaft of the wind turbine has a diameter of 1 meter. The turbine shaft has an
angular velocity of 73 rpm while the generator requires 300 rpm to produce 220v output. The driven pulley has a
diameter of 0.25 meters. In this configuration, the wind turbine will be able to meet the required speed of the generator.
Roadway L.ights

Since the rated power that the generator can produce is 2000 Watts, the total connected load must not exceed 1800 Watts
and have an allowance of 200 Watts.
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Number of lamps

Based on the table 4 placement guide for lighting parameters (DOE), the researcher must use a 70 watts lamp which
will be used to determine the number of lamps that the generator can power. A total of 24 lamps can be powered by the
generator.

Simulation using Dialux Evo

1 (single side top)

Pole distance 30.000m EEQL\)
@)1

(1) Light spot height 8.000m

(2) Light paint overhang 0.937m M
(3) Boom inclination 1.0°

(4) Boom length 1,500 m

¢]

Table 5: Roadway light specification

Symbol Calculated Target Check
Roadway 1 (M4) L 1.58 cd/m? 2 0.75 cd/m?

Us 0.52 z0.40

U 0.72 z 0.60

TI 12 % £15%

Rel 0.57 2030

Table 6: Dialux Evo simulation results
The table shows the results from the simulation of the roadway lights using Dialux Evo software. A maintenance factor
of 0.80 was used for calculating for the installation. It shows that all of the parameters meet the standards shown in table
4.1 which is the minimum values for roadway lighting parameters. It only shows that the designed parameters meet the
target illumination for the mega dike access road.
After designing the wind turbine, determining the size of the generator, and simulating the road lights, the final phase is
the implementation. The researchers will combine all the designs in finalizing the study.

SAN ISIDRO, BACOLOR, MEGA DIKE ACCESS ROAD-ROADWAY LIGHTING
NUMBER AND
CKT. NO. LOAD DESCRIPTION RATING AMPERE LOAD PROTECTION SIZE OF WIRE SIZE OF CONDUIT
SERVICE WIRE GROUND WIRE
QUANTITY  LOAD DESCRIPTION [ v VA A BC | (A ]| ¥ 4 AT | AF #oiWies] mm' | Type [#oiWies] mm® | Type | mmg | Type
1 1 75WLO. 1 B0 900 391 1 30 50 2 55 | THEN 1 55 THW 0 IMC
1 12 T5WLO. 1 B0 900 391 ] £l 50 2 55 | THHN 1 55 THW 0 IMC
TOTAL CONNECTED 1800 | 7.8
IF =783A FEEDER WIRE : 2-8.0 mm.sq. THHN / THW +1- 14.0 mm.sq. In 32 mmg IMC PIPE
IMCB =7.83A MAIN; 40.AT, 50 AF, 2P, 230V, 60Hz

Figure 7: Load Schedule
Figure 7 presents the load schedule of the roadway lighting. It consists of two 15 amperes of circuit breaker for the
roadway lights. Each branch has twelve 75 watts lamps. The total load of the circuit is 1800 VA while the total current
is 7.83 amperes. The service wire and feeder wire size are 8.0 mm?2. The main circuit breaker is rated 30 ampere trip, 50
ampere frame, two pole, 230 volts, 60 hertz.
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GEMERATOR | SINGLE PHASE

PERMAMENT MAGNET)

(PMG-200L) AC, MV- 220N,
— 30 Crpm, ZH0W

= WAIN BREAKER
Df 40AT, GOAF, Z0V, EOMe

SOAT, BOAF, LIGHTING ‘\% :D__/_. GOAT, BOAF, LIGHTING

LIGHTING LIGHTING
COMTACTOR q_\{j |: :I_/_. CONTACTOR
THERMAL THERMAL
CWERLOAD 4x[:| [j—/_’ CWERLOAD
12 STREET LIGHTS, TaW 12 STREET LIGHTS, T5W
LA LOAD

Figure 7.1: Single Line Diagram

This shows the single line diagram or the riser diagram of the system. Circuit number one and two are the roadway lights
consisting of twelve 75 watts lamps. Circuit three and four are spare circuit breakers.

= STREETLIGHT
é
‘_,_,.-l""-

\

HDARRIEUS
VERTICAL AXIS
WIND TURBINE
(2IHX+TTH)

Figure 7.2: Lighting Layout using AutoCAD
This figure shows the lighting layout plan of the poles, wind turbine, generator and panel board. The PMG-2000L
generator is placed under the H-Darrieus vertical axis wind turbine along with the panel board having two branches for
roadway lights and two spares. The poles are placed 30 meters apart each on the open part of the road of 7 meters width.
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Figure 8.2: Visual Representation using SketchUp
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4. CONCLUSION

After measuring the wind speeds in San Isidro, Bacolor, Mega dike access road, the researchers were able to determine
the location where the wind turbine must be placed. The wind turbine must be placed on the location one which has a
plus code of 2JGX+XFW and a height of 8 meters from the ground. The area has an average wind speed of 6 m/s. A H-
Darrieus vertical axis wind turbine was used in the study to determine the wind energy harvesting potential in the area
since the turbine was designed to have enough angular velocity and torque at low wind speeds. The swept area of the
wind turbine is 5 m? which has an output power of 636.064 watts and torque of 88.797 N.m enough to drive a generator.
A 2000 watts generator was used in the design to power 24 pieces of 75 watts roadway lights. With this output of the
study, the researchers conclude that wind energy harvesting in San Isidro, Bacolor, Mega dike access road for roadway
lights is feasible.

4.1 Recommendations

The study in wind energy harvesting in San Isidro, Bacolor, Mega dike access road is not yet finished. For the purpose
of the future researchers, the researchers have the following recommendations:

e A thorough analysis of the wind velocity in the area with its wind direction since the researchers were not able to
determine the direction due to limited capability of measuring tools being used.

e An integration of power banks in the system to prevent any waste from the harvested wind energy.
e A structural analysis of the base of the turbine since the area has limited space.
e A thorough study and integration of gearbox in the system.
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