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ABSTRACT Indonesiais atropical country, because its area that crosses the equator has enormous solar
potential, with aradiation magnitude of 4.80 kWh/m2 /day / day or equivalent to 112,000 GWp. Meanwhile,
the solar energy received by the earth is 1.74 x 1017 W / hour, of which about 1-2% is converted into wind
energy. However, in terms of total energy potential, Indonesia only uses around 10 MWp of solar energy, the
difference is that wind energy which is planned to reach 250 MW in 2025 only uses 1 MW of the total
potential. Skyscrapers are places with enormous wind energy potential. Because if the height exceeds 150 m,
the reference point of the building can be called a skyscraper, which will cause high wind speed at the top of
the building. This phenomenon is caused by the influence of the friction force which suppresses the wind
speed, therefore the higher the position, the higher the wind speed. With this potential, to provide additional
power and help save energy in existing facilities in the building, a smart photovoltaic and vertical turbine
prototype design was created. The prototype design is a combination of weathered turbines and solar panels,
the reason for using this type of turbine is because it can rotate at low wind speed (low wind speed) and has
avery simple structure. In addition, because it uses a vertical shaft, the generator and gearbox can be placed
close to the ground, making maintenance easier. The working principle of this prototype is designed to use a
turbine to convert wind energy on the roof of the building into electrical energy, then mix it with electrical
energy converted from solar energy by solar panels, so that electrical energy will be more optimal.

INDEX TERMS: Electrification, Power plants, Renewable energy

|. INTRODUCTION

Indonesia’s electricity demand continues to increase from year
to year. To achieve the goal of increasing the electrification rate
up to 100% by 2025, by 2050 it is estimated that eectricity
demand will increase more than 7 times, reaching 1,611 TWh
[1]. To meet the demand for electricity, the government has
prepared a 35 GW plan, namely up to sd. 2015. National
Medium Term Development Plan Document (RPIMN). 2019
[2]. When the plan was launched, economic and technical
factors (such as the characteristics of a single power plant
project) led to aslow increasein output [3]. Taking these factors
into account, additional power generation will be carried out
between 2015 and 2015. It isestimated that theinstalled capacity
in 2019 isonly 12 GW, well below the initid target of 35 GW
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[4]. Currently, apower plant with COD (Commercial Operation
Date) only operates around 4% (x 1.5GW). In this case, it is
hoped that the 35 GW plan will be implemented from 2025 to
2026 [5]. Intermsof increasing power generation, it isestimated
that by 2025 coal-fired power plants will still reach 58% or
around 50 GW [6]. However, the existence of coal as afuel for
power plants is dwindling over time, and of course it cannot be
renewed. According to BPPT, coal reserves in 2018 will be
exhausted within 68 years. Therefore, to be able to continue to
meet Indonesia's electricity needs, new innovations are needed
[7]. One of them is by utilizing renewable energy which is
abundant in nature.

Renewable energy sourcesthat have great potential are wind
energy and solar energy [7]. Indonesia has enormous wind
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energy potential, thisis due to the monsoon phenomenon which
is supported by Indonesias territory, 70% of the country's
territory iswater (8). According to BPPT 2018, Indonesiaswind
energy potential is 9.29 GW, and the utilization rate is around
0.0005 GW [9]. Skyscrapers are places with enormous wind
energy potential. Because if the height exceeds 150 m, the
reference point of the building can be called a skyscraper, which
will cause high wind speeds above the building. This
phenomenon is caused by friction which limits wind speed, so
that the higher the position, the higher the wind speed [10]. With
this potential, to provide additional power and help save energy
in exigting facilities in the building, a smart photovoltaic
prototype and vertical turbinewas created [11]. Prototype design
combined with weathered turbines [12] Like solar panels, this
type of turbine is used because it can rotate at low wind speed
and has a very simple structure. In addition, because it uses a
vertical shaft, the generator and gearbox can be placed close to
the ground for easy maintenance.

The working principle of the prototype isto use aturbine to
convert wind energy on the roof of the building into electrical
energy, then mix it with electrical energy, then convert solar
energy into electrical energy by solar panels. production.
Optimization [13]. It has enormous wind energy potential.
Because if the height exceeds 150 m [14] then the building's
benchmark can be called a skyscraper [14], which makes the
wind speed above the building very high[15]. This phenomenon
is caused by the presence of friction that suppresses wind speed,
so that the higher the position, the higher the wind speed. With
this potential, to provide additional power and help save energy
inthe exigting facilitiesin the building, a smart photovoltaic and
vertical turbine prototype design was created. The prototype
design combines weathered turbines and solar panels, Thistype
of turbine is used because it can rotate at low wind speeds (low
wind speeds) and has a very simple structure. In addition,
becauseit usesavertical shaft, the generator and gearbox can be
placed close to the ground, making maintenance easier. The
working principle of the prototypeisdesigned by using aturbine
to convert wind energy on theroof of the building into electrical
energy, then mix it with electrical energy converted from solar
energy through solar panels, so that electrica energy becomes
more ideal.

Il.  MATERIALS AND METHODS

This chapter will introduce some literature reviews or brief
references.

A. TOOLS AND MATERIALS
1. Multimeter

Thistool isaso called amulti function tester, which isaspecial
tool for measuring electrical components. First measure the
relationship between current (amperes), voltage (voltage),
resistance (ohms) and circuit resistance. Based on these basic
functions, thistool is commonly called an AV O meter (ampere,
voltage, ohm). Multimeter is very important because it can
check the condition of the circuit. Errors that occur can be
identified with high accuracy. Therefore, the existence of this

Homepage: http://jeeemi.org
Vol. 3, No. 1, January 2021, pp. 57-63

tool is very valuable for electronics experts. The tool is very
light and easy to carry everywhere.

2. Anemometer

Anemometer isameasuring instrument with aunique shape. At
first glance, the shape of this tool resembles decorations and
children's toys. However, the shape of this tool should not be
underestimated, because the function of thistool isvery useful,
especialy if you already know the weather forecast. The way
thistool worksisvery simple, aimost the same as the windmill
in the Netherlands. The test should be done outdoors. Then, the
tool will move when blown by the wind. The propeller / roller
will rotate towards the base. If more blades rotate, it means the
wind isblowing. Conversely, if the anemometer does not move,
there is no wind at all. There is a tool at the bottom of the
anemometer, which can calculate the wind speed in 1 second.
3. Light

The lamp isalamp that is similar to a bottle, and the cavity of
the lamp contains thin wires that can cause errors when
connected to an electric current. In this study the lamp will be
used as atest load.

4. Stopwatch

A lamp isalamp that is shaped like a bottle with a filament in
the cavity of the lamp, which can cause errors when connected
to an electric current. In this study the lamp will be used as a
test load.

B. VERTICAL AXIS WIND TURBINE

The vertical axiswind turbine (TASV) isawind turbine with a
vertical axis. Thistypeof wind turbineis suitablefor areaswhere
the wind speed islessthan 5 m/ s[8]. In addition, the required
installation costs are lower than the cost of installing ahorizontal
axis wind turbine, and because of the low speed and small size
of the turbine, the potential hazard of TASV isaso less.

Fig. 1. VERTICAL Axis Wind Turbine (VAWT) [4]

C. SOLAR PANEL

Solar cells are the active elements that convert sunlight into
electrical energy [9]. The minimum thickness of a solar cell is
usually 0.3 mm and is made of a wedge of semiconductor
material with positive and negative electrode covers. The basic
principle of making solar cellsisto use the photovoltaic effect,
which can directly convert sunlight into electricity [10].
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Fig. 2. Solar Panel [7]

D. GEARS

Gears are engine components that transmit rotation. According
to the shape of the tooth path, gears can be divided into three
categories. spur gears, helical gearsand worm gears. Apart from
continuous rotation or rotational transmission, gears can aso be
used as a medium to increase the number of revolutions. This
can be achieved by applying different gear ratios. Find the turn
ratio represented by the formula:

Zq

i=2

Z2
where, | is transmission comparison, z1 is gear number of gear
1, and z2 is gear number of gear 2

E. SOLAR CHARGE CONTROL (SCC)

SCC is an electronic device used to regulate the output of the
solar panelsto the battery. Thegoal isto avoid voltage instability
and overcharging, which will shorten the battery life. The
technology applied to SCC is pulse width modulation (PWM)
technology. Apart from SCC, it can also be used to adjust the
power supply from the battery to the load so that the battery does
not overload or run out. SCC can be used to protect solar panels
from battery backflow at night. The reason for this reverse
current or reverse current is because the solar system does not
charge the battery at night, which causes the solar panelsto look
like a load, and thus derives energy from the battery. If not
resolved, the optoel ectronic module itself will be damaged.

SQlakr ¢H-I-H'GE CONTROLLER

(3 :
Hu g =
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F. DESIGN CONCEPT

After data collection and literature research, a design is carried
out which includes mechanical design and electrical design.
Following is the mechanical design of the hybrid power unit
prototype.

Fig. 4. The results of the prototype design

Next isthe design of the electrical system.
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Fig. 5. Work system flow chart

The picture above shows awork plan which isdivided into three
parts, namely solar radiation and wind radiation input. Then
there are vertical wind turbines, solar panels, charging
equipment, and batteries. The last part is the DC output which
can be used for DC loads and AC loads that must pass through
the inverter first.

I11. RESULTS

A. WIND SPEED TESTING

The test was carried out on the rooftop of Building J, State
Shipping Polytechnic of Surabaya on October 2, 2019 which
was conducted at 12.00 WIB. This test aims to determine the
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wind speed generated on top of the building J Surabaya State ( 23 )
Marine Polytechnic which will then be used to design this :
prototype. =72
o
>
TABLEI. i
WIND SPEED TESTING g 7
S
Time (hours) Velocity (m/s) > 6.9
11.00 2 6.8
12.00 254 11:00 12:00 13:00 14:00 15:00 16:00 17:00
13.00 31 Time (Hours)
14.00 34 \. y,
15.00 3,6 Fig. 7. Voltage measurement test
16.00 49
L r N
17.00 51 400
([ 6 ) £ 200
w5 =
23 0
_8 2 11:.00 12:00 13:00 14:00 15.00 16:00 17:00
> 1 Time (Hours)
0 . J
12.00 13.00 14.00 15.00 16.00 17.00 .
Time (hOUI‘S) Fig. 8. Current measurement test
. J
Fig. 6. Velocity measurement test ( 400 )
Use anemometer to test, this is to make the test get correct ~ 300 /,\/
data. Test results are based on data, the average wind speed on é 200
the rooftop of J building of the Surabaya State Polytechnic is £
3.67 m/s. S 100
=
B. WIND TURBINE TESTING © 0
This test aims to determine _the amount of electrical power 7015 712 7411 7234 715 727 7.28
gen_erated by wind energy with this prototype. The test was Voltage (volt)
carried out on October 3, 2019 at the rooftop of building J, \ )
Surabaya State Marine Polytechnic with 4 speed variations. Test
result data can be seen in the following table: Fig. 9. Voltage and current relation
TABLEII. ( 8 )
POWER MEASUREMENT TEST OF THE TURBINE % 7
Time (Hours) Voltage (Volt) Current (mA) é 6
11.00 7,015 289 = <5 Voltage
12.00 7,12 311 S~ 4 - - — Current
13.00 7,111 332 2 a| emmmmmmm— T -
14.00 7,234 343 § , -
15.00 7,15 323 1100 1200 1300 1400 1500 1600 17.00
16.00 7,27 345 \ Time (Hours) y
17.00 7,28 378
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Fig. 10. Wind turbine test chart and current
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Based on the test data obtained, the average electric power is
2.1446 watts. In this test, the wind turbine uses a good wind
speed because previously the wind turbine was designed with a
wind speed of 4 m/s. The faster the wind speed, the greater the
power generated.

C. SOLAR PANEL TESTING

At this stage, the test was carried out on August 29, 2019 at the
rooftop of Building J, State Marine Polytechnic of Surabaya at
09.00-13.00. The purpose of thistest isto determinethe value of
24 W by calculating the tilt angle so as to determine the
maximum electrical power that a 10 Wp solar panel can produce.
Use weight to measure strength. The load used is a DC lamp
with a power of 5 watts. The test data are asfollows:

TABLEIII.
POWER MEASUREMENT TEST
Time(Hours) Voltage(V) Current (A) Power (W)
09.00 1512 0,57 8,61
09.30 15 0,62 9,3
10.00 15,6 0,51 7,95
10.30 15,8 0,67 10,65
11.00 15,92 0,61 9,58
11.30 15,82 0,67 10,59
12.00 15,87 0,66 10,32
(16 R
S 155
]
g
g 15
145
9:00 9:30 10:00 10:30 11:00 11:30 12:00
\ Time (Hours) )

Fig. 11. Voltage and time corelation
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Fig. 12. Time and current (A) corelation
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Fig. 13. Time and power corelation
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Fig. 14. Power measurement test

In solar pand testing, Arduino Uno R3 and LDR are used to
collect light intensity data, so it is found that the higher the
intensity of sunlight on the solar panel, the higher the resulting
voltage and current, and vice versa. In thistest, it wasfound that
the average power produced was 9.37 watts.

D. HYBRID CALCULATION

Theoreticaly, by adding the power generated by the turbine to
the power generated by the solar panels, the calculation results
of the mixed data between turbines and solar panels can be
obtained. By combining the power between the turbine and solar
panels, it isfound that the electric power obtained isalso greater,
and the calculated power is 11.55 watts.

V. DISCUSSION

In previous research, data obtained in the form of less than
optimal output power. The factors that affect the inability to
obtain optimal power output come from the calculation of
equipment planning that has not been optimally realized, so this
tool is not suitable for capturing its energy potential. Therefore,
designing prototypes (smart photovoltaic and vertical turbines)
as an alternative resource can help save energy in multi-storey
buildings. In other words, the development result of existing
hresearch is to maximize the potential of existing energy and
utilize it to produce the best electricity as needed.

The use of a vertical axis on the turbine makes the design
easy to apply anywhere, because the turbine does not have to
point to the wind, so the turbine can be placed in adifferent wind
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direction. In this design, the generator speed increases as the
gear ratio increases. Through the wind speed test equipment that
has been carried out, it can be seen that the average wind speed
above the Surabaya State Oceanic Technology Ingtituteis4 my/s.
The higher the intensity of sunlight, the higher the voltage and
current generated, and vice versa.

V. CONCLUSION

The use of avertical axis on the turbine makes the design easy
to apply anywhere, because the turbine does not have to point to
the wind, so the turbine can be placed in a different wind
direction. In this design, the generator speed increases as the
gear ratio increases. Through the wind speed test equipment that
has been carried out, it can be seen that the average wind speed
above the Surabaya State Oceanic Technol ogy Institute Building
is4 m/ s. The higher the intensity of sunlight, the higher the
voltage and current generated, and vice versa. The power
produced by the design prototype is 11.55 watts.
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