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The potential for hybrid combinations using solar and wind energy can be found in several
places, one of which is on the highway. Highways are open areas exposed to direct sunlight
and wind can blow forming natural wind tunnels. In addition, vehicles that pass on the road
also generate wind which can then be used as an energy source. The purpose of this study
is to find out how significant the potential for hybrid energy is by utilizing a combination
of solar energy and wind energy obtained from utilizing traffic flow. The method used in
this study is an experimental method by testing how much energy is obtained from sunlight
by using a solar cell 50 Wp and wind energy by using a technological innovation Veritkal
Axis Wind Turbine (VAWTS) 300 watts as a producer of electric power on the highway
by utilizing two types of wind at once, namely atmospheric scale wind that blows naturally
and wind from vehicle traffic on the highway. Current, voltage, and power measurements
are then measured using a digital watt meter. The study's results found that the combined
potential of solar energy and wind energy obtained from utilizing traffic flow was 552.11
watts, greater than just using a naturally blowing engine with a power of only 498.67 watts.
This energy difference occurs due to an increase in wind frequency generated by traffic

flow by 22%.

1. INTRODUCTION

Energy needs are currently increasing in both developed and
developing countries such as Indonesia. This increasing need
for energy is due to population growth, economic growth, and
very free energy consumption patterns [1, 2]. Most of the
energy we use now comes from petroleum, it is non-renewable
and will run out if we use it continuously. Currently, petroleum
accounts for 45% of all energy produced worldwide and are
the fuel that fulfills 96% of the needs of the world's
mobilization sector [3]. Oil is also the glue that holds the
global economy together, which causes the economies of
countries in the world to mutually influence each other. In
2019 more than 66% of oil is traded internationally [4, 5]. A
slight shift in oil prices could impact activity around the world.
Starting from this, it is necessary to look for other alternatives,
namely empowering and utilizing renewable energy sources [6,
7].

Renewable energy can be affected by the geographic
location of a region. Indonesia which is on the equator should
be able to take advantage of the potential of existing renewable
energies such as solar energy, wind energy, water energy,
wave energy, and geothermal energy as alternative energy [8].
Renewable energy sources are expected to have an active role
in future energy diversification scenarios because they are
friendly to the environment and have reserves that never run
out [9]. For example, the potential for solar energy in
Indonesia reaches around 4.8 KWh/m? or the equivalent of
112,000 GWp, while wind energy has a potential of 978 MW
[8, 10]. This potential can be used as an alternative energy
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source and its availability is also very adequate. Even so, its
use is still relatively small, namely under 5% [11]. The
development of these two alternative energy sources is
strongly influenced by the climate and contours of an area, for
this reason innovation and the latest technology are needed to
optimize this energy [12, 13].

The management of the energy sector needs to be improved
and reformed following the latest technological trends, namely
using a combined renewable energy system (hybrid system)
[14, 15]. One of the strategies for optimizing hybrid energy is
by investigating the potential of hybrid renewable energy. In
this study, it is known that the combination of solar and wind
energy is the best energy combination based on a comparison
of the value of the Net Present Cost (NPC) reaching USD
696,083 [16]. Another advantage is also because the wind has
a close relationship with sunlight. Areas exposed to a lot of sun
exposure will have higher temperatures and lower air pressure
than other areas around them, causing airflow [17]. This is
evident when during the day the wind moves faster than at
night. The analysis review suggests that the potential for a
combination of solar energy and wind energy is superior in
hybrid energy compared to other energy combinations [17, 18].

The potential combination of solar and wind energy can be
found in several places, one of which is on the highway. The
highway is an open area exposed to direct sunlight and the
wind can blow to form a natural wind tunnel with a speed of
3-4 m/s with an average frequency of 5%. This speed meets
the requirements in the utilization of wind energy, namely >2.5
m/s [19]. There have been many studies on the utilization of
wind on an atmospheric scale and show the results that this


https://orcid.org/0000-0001-8510-4201
https://orcid.org/0000-0001-6090-5862
https://orcid.org/0000-0002-1794-2120
https://orcid.org/0000-0001-5954-2996
https://crossmark.crossref.org/dialog/?doi=10.18280/ijht.410126&domain=pdf

atmospheric scale wind can produce energy on a small scale
[20-22]. still, not many studies have been conducted on how
to increase and maximize the utilization of wind energy by
utilizing traffic flows. vehicles passing on a road.

This study will examine the increase in wind energy by
testing the average wind speed frequency by utilizing wind
energy generated by traffic flow. This is caused by the
movement of the vehicle which pushes the air around it to
move elsewhere. The volume and speed of traffic flow greatly
affect the speed and frequency of the resulting wind in
generating energy [1, 23]. The advantage of this research is to
examine the potential of hybrid energy with a combination of
two types of wind energy at once, namely atmospheric wind
and wind effect of vehicle traffic flow which is then paired
with solar energy.

Research on the utilization of traffic as wind energy
combined with solar energy is still very limited. Only a small
amount of scientific literature includes this study. Therefore
this research is very important to do and is expected to be a
scientific reference contribution and usefulness for the
Vertical Axis Wind Turbine (VAWTSs) technology as a source
of electrical energy found on the highway.

This research starts by analyzing the number of vehicles that
pass on the road for 12 hours starting at 06.00 to 17.00 EIT
[24]. This volume is taken to determine the peak hours of
vehicles passing on one day. Peak hours are used to compare
the effect of vehicle volume and vehicle speed on traffic winds
[25]. A sampling of vehicle speed is carried out
simultaneously with data collection of wind energy generated
by passing vehicles. At the same time data collection of solar
energy generated through solar cells on the road was also
carried out. As for wind energy on an atmospheric scale, it is
carried out in open spaces around the road. This is because the
atmospheric scale wind energy data obtained is not disturbed
by wind displacements caused by traffic movements and is still
relevant because the sample locations are still within an
adjacent radius [26]. After this data is obtained, an analysis of
hybrid energy calculations is carried out which is obtained
from solar energy and wind energy that utilizes traffic flow.
The average frequency of wind speed is a variable that will
determine the effect of traffic on the hybrid energy potential
on the highway.

The purpose of this study is to find out how big the potential
for hybrid energy is by utilizing a combination of solar energy
and wind energy obtained from utilizing traffic flow.

This study is very useful for the development of knowledge
about the use of renewable energy. With the potential for
hybrid energy on the road, it is hoped that it can support hybrid
renewable energy using Vertical Axis Wind Turbines
(VAWTS) and solar cell technology [27].

The structure of the article consists of an initial introduction,
research motivation, and potential and goals of hybrid energy
by utilizing traffic flow. The second part describes the method,
implementation time, place of the research and data collection
techniques. The third section shows the results and the
discussion of each finding in the form of potential solar and
wind energy generated in detail through graphs and tables. The
last section shows the conclusion in the form of the potential
magnitude of hybrid technology that utilizes traffic flow.

2. MATERIAL AND METHODS

This study uses an experimental method, namely testing the
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potential of solar energy and wind energy to be measured as
potential hybrid renewable energy sources. The analysis was
carried out in three stages, namely wind speed data collection
and solar energy potential data collection by measuring the
voltage and currently taken from the output of the solar panel
[19].

2.1 Time and place of research

This research was conducted from January - June 2022.
The research location is on Jalan Raya Mandala which is an
urban area with a primary arterial road function classification.
Jalan Raya Mandala is the main road in Merauke Regency,
Papua Province in Indonesia. This road is quite busy with the
highest traffic generation in Merauke Regency. Research time
division using the international time zone Greenwich Mean
Time (GMT) +9 or Eastern Indonesia Time (EIT).

2.2 Data collection

2.2.1 Traffic flow data

Analysis of traffic data using the Road Capacity Manual in
Indonesia (MKJI) method which was carried out on Jalan Raya
Mandala, Merauke City, included a traffic volume survey
(Traffic Counting), which divided all types of vehicles that
passed through this road including heavy vehicles, light
vehicles and motorcycle [28]. The survey was carried out for
7 days on weekdays and weekend with sunny weather [29, 30].
Observations were carried out for 12 hours starting at 06:00—
17:00 EIT. The Traffic volume data collection is not carried
out at night due to decreased activity in Merauke at that time,
which the city is only one of the small cities in Indonesia. In
addition to traffic volume data, vehicle speed data is also
measured using a speed gun and speed maximization is
formulated through an analysis of the free flow of light
vehicles on MKIJI. Traffic flow data is then used as a reference
for the influence of wind data.

The research of hybrid energy potential scheme can be seen
in the flowchart according to Figure 1 as follow:

Data retrieval

. v

Traffic volume and Solar energy
speed data
Wind speed and
energy data
Hybrid energy
potential

Figure 1. Hybrid energy potential scheme

2.2.2 Solar and wind data

The solar panel used is a capacity of SOWp. Parameters
observed included measurements of current and voltage
magnitudes periodically for 12 hours, namely at 06:00—-17:00
EIT. These parameters are recorded once every hour on the
measuring instrument used in the test. Generally, the
measurement of electric charge in solar cells is used by
ammeters and voltmeters to measure voltage (v) and current
(a), but in this study, a digital watt meter measuring device is



used which functions to simultaneously measure voltage (v),
current (a), power (w), charge (ah) and energy (wh) generated
in the measurement renewal period of 400mS [31].

Data Wind speed data was measured using an anemometer
for 12 hours, namely at 06:00 - 17:00 EIT. In addition to
measuring wind speed, measurement of wind energy output is
also carried out using a vertical axis wind turbine (VAWT)
with three blades at the same time. This turbine is equipped
with a 300-watt DC generator which is then connected to a
power measuring device, namely a digital watt meter [32, 33].
his measurement is taken in two places, namely on the median
of the road as wind data that utilizes traffic flow and on open
yards around the road as atmospheric wind data.

3. RESULTS AND DISCUSSION
3.1 Analysis of traffic flow and vehicle speed

This measurement was carried out according to MKIJI
guidelines. The type of lane configuration on Jalan Raya
Mandala is 4/2 D, which is a four-lane-two-way road category
with a road median whose depiction can be seen in Figure 2.

Sidewalk
Lane 1 —e
. Direction 1
ane 2
ﬁ
— -Median . A REPRNLS .
Lane 3 _
Direction 2
Lane 4
Sidewalk ==

Figure 2. Mandala highway lane configuration

The road profile is the width of the 1st direction = 7.3 meters,
the 2nd direction = 7.3 meters wide, the median road width =
1 meter, and the sidewalk width = 1.5 meters.

The process of collecting vehicle volume data is assessed
every 1 hour starting at 06:00 — 17:00 EIT with sunny weather
which aims to get the peak hour value of the vehicle. The
Traffic volume data collection is not carried out at night due
to decreased activity in Merauke at that time, which the city is
only one of the small cities in Indonesia. The results of the
analysis of peak hour data and traffic volume are as follows:
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Figure 3. Vehicle peak hours
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Direction 1 is the Merauke City route towards the Airport
which is shown by the blue line, while direction 2, or the
opposite direction is the Merauke City route towards the
Harbor which is shown by the blue line. Figure 3 shows peak
average vehicle traffic volume for 7 days that the peak hour
for Jalan Raya Mandala traffic occurs for 1 hour in each time
division. Peak hours in the morning are 07:00 — 08:00 EIT,
during the day at 11:00 — 12:00 EIT, and in the afternoon at
16:00 — 17:00 EIT. These two directions have different traffic
volumes where direction 1 has the highest number of vehicles
at 2,192 vehicles/hour during the noon peak hours at 11:00-
12:00 EIT and direction 2 has the same peak hours, namely at
11:00 a.m. 00-12:00 EIT with a relatively lower number of
vehicles, namely 1,957 vehicles/hours.

Processing of vehicle volume data is taken for 7 days and
calculations are carried out using the MKJI method with units
of vehicles per hour (vhe/hr) which can be seen in full in table
1 as follows:

Table 1. Average traffic volume data in one week

\?eehﬁm _I_ight Motorcycle Total

Day (HV) Vehicles (LV) (MC)
vhc/hr vhc/hr vhe/hr vhc/hr
Monday 42 524 2,612 3,178
Tuesday 44 544 2,526 3,114
Wednesday 39 560 2,605 3,204
Thursday 39 573 2,491 3,103
Friday 37 570 2,593 3,200
Saturday 35 579 2,613 3,227
Sunday 49 423 2,416 2,888
Average 41 539 2,551 3,131

Table 1 shows the results of the survey's average traffic
volume for 7 days, reaching 3,131 vehicles/hours. Based on
the passenger car unit value (pcu/hour), the average number of
vehicles will be multiplied based on the vehicle type
coefficient value. For heavy vehicles, the coefficient value
according to traffic volume is 1.2, while for light vehicles it is
1.0 and for motorbikes, it is 0.25. The calculations can be seen
in Table 2:

Table 2. Average traffic volume in passenger car units per
hour (smp/hours)

Heavy Light

Vehicle  Vehicles Mo(t&rgc'e Total
Day (HV) (LV)
Emp1.20 Emp1.00 Emp 0.25
smp/hours

smp/hours  smp/hours  smp/hours
Monday 50 524 653 1,227
Tuesday 53 544 631 1,228
Wednesday 47 560 651 1,258
Thursday 47 573 623 1,242
Friday 45 570 648 1,263
Saturday 42 579 653 1,274
Sunday 59 423 604 1,086
Average 49 539 638 1,226

Table 2 shows the difference in the number of statistical
data between weekdays (Monday-Thursday) and weekends
(Saturday-Sunday). The difference occurs because the
activities are carried out differently where Monday to Friday
is a routine as a working day with an average traffic volume
between 1,227 — 1,263 smp/hours. Yet, the average peak
traffic volume actually occurs during the weekend. on



Saturday, which increased by 1,274 smp/hours. This happens
due to the large number of people who do mobility for vacation
simultaneously.

Further analysis needs to be done to determine the level of
traffic density. Are the thousands of vehicles classified as
dense traffic so that vehicle speed decreases and does not have
the potential to generate wind energy or is the traffic still under
control so that vehicles are still free to determine their vehicle
speed? This analysis can be seen in the calculation of the value
of the degree of saturation (DS) of traffic using the MKIJI
method.

3.1.1 Free flow speed of light vehicles
Basic free flow speed (FVy) =57 km/hours
The adjustment factor for lane width (FVw) = 1.2 km/ hours
Side resistance (FFVr) =0.97
City size (FFVcs) =0.97
So, the free flow speed of light vehicles (FV)
FV = (FV() + FVw) X FFVsr x FF Vs
=(57+1.2)x0.97x0.93
=53 km/ hours

3.1.2 Capacity

Base Capacity (C,) =4 x 1,650 lane/ hours

= 6,600 smp/ hours

Effective Path Width Factor (FCw) =1.02

Directional Separating Factor (FCsp) = 1.00

Side Resistance Factor (FCs) =0.95

City Size Factor (FCcs) =0.90

Then, Road Capacity (C) = (Co x FCw x FCsp x FCsr x FCqs)
=(6,600x 1.02 x 1.0 x 0.90 x 0.93)
=5,755.86 = 5,756 smp/ hours

Total flow (Q) average/day = 1,226 smp/hours

Road capacity (C) =5,756 smp/ hours
Then, DS =Q/C
=1,226 /5,756
=021=B

Table 3. Average vehicle speed data in one week

Heavy Light
Day Vehicle Vehicles Mo(t,:)/lrg)/cle Average
(HV) (LV)
vhc/hr vhe/hr vhc/hr vhe/hr
Monday 42 39 35 38
Tuesday 43 40 35 39
Wednesday 43 41 34 39
Thursday 41 39 34 38
Friday 41 40 35 39
Saturday 42 40 35 39
Sunday 42 40 35 39
Average 42 40 35 39

From the MKII analysis, the value of the degree of
saturation (DS) of traffic on Jalan Raya Mandala is B, which
means that the traffic flow is stable and allows vehicle drivers
to have sufficient freedom to choose their speed. These results
also indicate that passing vehicles have the potential to
generate wind effects that can be utilized as wind energy.
Measuring vehicle speed data can be an illustration of how fast
vehicles are passing on Jalan Raya Mandala. Vehicle speed
data was taken for 7 days using a speed gun which was carried
out at the same time as measuring traffic volume by taking a
sample of 30 vehicles for each type of vehicle. The vehicle
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speed data has been converted from mph units to km/h units,
the details of which can be seen in Table 3.

The average speed data obtained based on measurements
using a speed gun can then be maximized by adjusting the
speed chart according to the MKJI guidelines which are based
on the degree of saturation data and the free flow speed data
for light vehicles. The adjustments can be seen in Figure 4.

With a maximized speed, it increases the chance of
increasing the wind speed obtained from the effects of passing
vehicles.

Average speed of LV light vehicles (km/hrs)

Ips=021
I|-| 5 II-_‘ i I)" & II-l i ')- i - E ?-' ) II‘!‘ d II-'J i -|

Degree of saruﬁ;tion (Ba"C) ‘
Figure 4. Traffic speed adjustment
3.2 Potential of wind energy

Based on the graph of peak vehicle hours in Figure 3, it is
known that there are 3 peak hours, namely morning, afternoon,
and evening, each of which has 1 peak hour with a value of the
degree of saturation (Q/C) of 0.21 or equivalent to the level of
service B which indicates that traffic is still under control so
that vehicles are still free to determine their vehicle speed and
at that speed, the flow of vehicle traffic has the potential to
produce wind effects when passing.

Wind speed was measured using an anemometer positioned
in the median of the road. In addition, the anemometer is also
placed in an open yard around the road as atmospheric wind
data. The results of measurement data can be seen in Figure 5
below:

Wind speed comparison

5
24
i rw |
v L 'M}
£ o TRV
0 100 200 300 400 500 600 700 800

Amount of data
e N0 traffic wind With traffic wind

Figure 5. Comparison of atmospheric wind speed and wind
effect of passing vehicles

Data The measurement data shown in Figure 4 produces
800 data samples which show that there is a difference in wind
speed between the atmospheric wind and the wind effect of
passing vehicles. The frequency of occurrence of wind with
wind speed >2.5 m/s (minimum limit of wind speed that can



generate electrical energy) caused by the effect of passing
vehicles is 22%, which is known to be higher than the
atmospheric wind speed of 5%. These results show that the
wind from the effect of passing vehicles raises at least 4 times
the atmospheric scale wind that blows in an open yard.

Measuring energy yields uses a vertical axis wind turbine
(VAWT) turbine with 3 blades with a 150-watt generator using
a digital-watt meter to determine the current, voltage, and
power produced. The measurement results are carried out at 2
different places at the same time, namely on the median of the
road indicated by the notation (a), (v), (W) to obtain the value
of the effect of wind effects produced by passing vehicles and
on open yards in the surrounding area street with current
notations (ag), (vo), (Wo) which can be seen in the following
Figure:

Current, power
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5
g 1.00
<
0.50
0.00

6:0 7:0 80 9:0 10: 11: 12: 13: 14: 15: 16: 17:
0, 0 O O 00 00 00 00 00 00 00 00

e=@==ampere (a) |0.000.000.000.08 0.18 0.68 1.20/1.70 1.84 1.46/0.78 0.00
e=@==ampere (a0) 0.00 0.00 0.00/0.03 0.05 0.15/0.26 0.53 0.70 0.50 0.25 0.00

Time and value

Figure 6. Generator current based on time
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Figure 7. Generator voltage based on time

Based on Figure 6 and Figure 7, shows that there is a peak
time equation between the maximum current and maximum
voltage of the electric power generated by the generator. In
Figure 6, the maximum current will occur at 14:00 EIT,
namely 0.92 amperes for (a) and 0.70 amperes for (a0). While
the largest increase in current occurred according to traffic
volume data, namely during the day at 10:00 - 13:00, which
was an increase of 3 amperes and at 12:00 it rose to 5 amperes.
The maximum voltage also occurs at 14:00, namely 18.26
volts for (v) and 13.85 for (vo). This graph also shows that in
the morning the current and voltage are lower than in the
afternoon.

In addition to data flow and voltage data, there is also the
power generated by the solar cell for 12 hours, which can be
seen in full in Figure 8.

The peak power gain obtained was 33.62 watts for (w) and
25.50 watts for (w0) which occurred at 14:00 EIT. This
indicates the similarity between peak power times and current
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and voltage peak times. In addition to peak times, the
similarity also occurs in the graphic pattern, namely, the
number of watts increases more significantly from noon to
evening compared to the processing of the number of watts in
the morning.

Ener
40.00 24

35.00
230.00
£25.00
£20.00

15.00

10.00

5.00
0.00

6:0 7:0 80 9:0 10: I1: 12: 13: 14: 15: 16: 17:

0 0 0 0 00 00 00 00 00 00 00 00
o=@ watt (W) 0.00 0.00 0.00 0.47 1.54 9.56 22.5 30.2 33.6 27.5 12.5 0.00
e watt (w0)  0.00 0.00 0.00 0.31 1.00 4.86 9.76 18.9 255 17.5 6.81 0.00

Time and value

Figure 8. Generator power based on time
3.3 Energy potential of solar cells

In this study, the solar panel used was a 50wp solar cell with
a monocrystalline panel type with high efficiency compared to
the polycrystalline panel type. Solar cell measurements are
carried out without any energy load being used. Measurements
using a digital watt meter make it possible to get a more
complete type of data. The measurement results can be seen in
the following table:

Current, power

2.00 1.70
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Figure 9. Solar cell current based on time
Voltage (v)
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Figure 10. Solar cell voltage based on time

Based on Figure 9 and Figure 10, shows that there is a peak
time difference between the maximum current and maximum
voltage of the electric power generated by the solar cell. In
Figure 9, the maximum current will occur at 10:00 EIT, which



is 4.51 amperes, while the maximum voltage will occur at
13:00 EIT, which is 20.05 volts. This graph also shows that in
the morning the current and voltage are greater than in the
afternoon.

In addition to data current and voltage data, there is also the
power generated by the solar cell for 12 hours, which can be
seen in full in Figure 11.

Power
65.80
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Figure 11. Solar cell power based on time

The peak power gain that was obtained was 65.8 watts
which occurred at 10:00 EIT. This indicates the similarity
between peak power times and current peak times. In addition
to peak times, the similarity also occurs in the graphic pattern,
namely, the number of watts increases more significantly in
the morning compared to the processing of the number of
watts in the afternoon.

The accumulated current and power for 12 hours have also
been mapped in measurements without a solar cell load using
a watt meter. The hourly current and hourly power can be seen
in Figure 12.

Charge electricity
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Figure 12. Solar cell current accumulation based on time

In the charging process for 12 hours, the total current per
hour is 27.98 ah. This amount is obtained from the sum of the
incoming currents every 1 hour as shown in Figure 12. The
electricity charge chart also shows that the highest charges
occur for 4 hours, namely at 8:00 — 11:00 EIT with charging
above 3 amperes per hour.

The accumulation process in Figure 13 is the same as the
accumulation graph in Figure 12. The total power is done
every 1 hour based on the power obtained for 12 hours. What
is different between the energy graph and the electricity charge
graph is that the greatest amount of incoming power occurs for
5 hours, namely at 08:00 — 12:00 with a total power above 40
watts per hour.
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Figure 13. Accumulation of solar cell power based on time

3.4 Hybrid energy potential

The potential for hybrid energy obtained from solar energy
and wind energy by utilizing traffic flow is an energy potential
that can be used as a solution to perfect a hybrid renewable
energy power plant that only utilizes solar energy and wind
energy on an atmospheric scale. The power potential that can
be generated by solar energy and wind energy that utilizes
traffic flow for 12 hours can be seen in Figure 14.
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Figure 14. The power potential of solar energy and wind
energy

Based on the energy potential graph of solar energy and
wind energy in Figure 14, it is known that this hybrid energy
is complementary, that is, solar energy will get the greatest
increase in power from morning to noon and weaken in the
afternoon with a total energy of 414 watts, while wind energy
with taking advantage of traffic flow to get an increase in
energy from noon to evening and weak in the morning with an
energy of 138.11 watts. In testing wind energy, it was also
found that the potential for wind energy on an atmospheric
scale only amounted to 84.67 watts

The power content obtained from this hybrid energy is
known that wind energy which utilizes the effect of the wind
on the flow of moving vehicle traffic is far greater when
compared to only utilizing wind energy on an atmospheric
scale. This can be shown on the charging chart in Figure 15.

There is a difference in the accumulated amount of charging
between hybrid power plants that use traffic winds and those
that do not use traffic winds or rely only on atmospheric winds
in open spaces. This difference reveals that by taking
advantage of the traffic flow wind, the charging will be much
more at 5.45 ah.
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Figure 15. Accumulated charging potential of the hybrid

4. CONCLUSIONS

The potential combination of solar energy and wind energy
obtained from utilizing traffic flow is 552.11 watts. The
potential for this hybrid energy can also cover each other's
weaknesses between solar energy which is only superior from
morning to noon and wind energy which is only superior from
noon to evening. Another advantage is also found from the
greater number of charging because it utilizes wind energy
from traffic flow with an advantage difference of 5.45 ah. This
energy combination can also support hybrid renewable energy
using vertical axis wind turbine (VAWT) technology and solar
cells because the wind frequency generated from vehicle
volume and speed increases from 5% to 22%. This is because
the traffic flow is at level B, which means the traffic flow is
stable and allows vehicle drivers to have sufficient freedom to
choose their speed.
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