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Additionally, the blades are placed a considerable
distance in front of the tower and are sometimes tilted
forward into the wind a small amount. Downwind
machines have been built, despite the problem of
turbulence (mast wake), because they don't need an
additional mechanism for keeping them in line with the
wind, and because in high winds the blades can be allowed
to bend which reduces their swept area and thus their wind
resistance. Since cyclical (that is repetitive) turbulence may
lead to fatigue failures, most HAWTs are of upwind design.
Turbines used in wind farms for commercial production
of electric power are usually three-bladed and pointed into
the wind by computer-controlled motors. These have high
tip speeds of over 320 km/h (200 mph), high efficiency,
and low torque ripple, which contribute to good reliability.
The blades are usually colored white for daytime visibility
by aircraft and range in length from 20 to 40 meters (66 to
131 ft) or more. The tubular steel towers range from 60 to
90 meters (200 to 300 ft) tall. The blades rotate at 10 to 22
revolutions per minute. At 22 rotations per minute the tip
speed exceeds 90 meters per second (300 ft/s) [26-27]. A
gear box is commonly used for stepping up the speed of the
generator, although designs may also use direct drive of an
annular generator. Some models operate at constant speed,
but more energy can be collected by variable-speed
turbines which use a solid-state power converter to
interface to the transmission system. All turbines are
equipped with protective features to avoid damage at high
wind speeds, by feathering the blades into the wind which
ceases their rotation, supplemented by brakes. Year by year
the size and height of turbines increase. Offshore wind
turbines are built up to 8MW today and have a blade length
up to 80m. Onshore wind turbines are installed in low wind
speed areas and getting higher and higher towers. Usual
towers of multi megawatt turbines have a height of 70 m to
120 m and in extremes up to 160 m, with blade tip speeds
reaching 80 m/s to 90 m/s. higher tip speeds means more
noise and blade erosion Vertical-axis wind turbines (or
VAWTs) have the main rotor shaft arranged vertically.

Abstract— This paper shows the optimization of the control
performance for three renewable energy generators (Wind,
Solar, batteries bank generators) via PLC producing the
required electrical supply for the remote area.
Keywords—Wind, Solar, batteries bank generators, diesel
generator and PLC.

I. INTRODUCTION
Wind turbines can rotate about either a horizontal or a
vertical axis, the former being both older and more
common [1]. They can also include blades (transparent or
not) [2] or be bladeless [3]. Vertical designs produce less
power and are less common [4]. Horizontal-axis wind
turbines (HAWT) have the main rotor shaft and electrical
generator at the top of a tower, and must be pointed into the
wind. Small turbines are pointed by a simple wind vane,
while large turbines generally use a wind sensor coupled
with a servo motor. Most have a gearbox, which turns the
slow rotation of the blades into a quicker rotation that is
more suitable to drive an electrical generator [5]. Figure 1
shows the three primary types: VAWT Savonius, HAWT
towered; VAWT Darrieus as they appear in operation.

Figure 1: Three Primary Wind Generators.

Since a tower produces turbulence behind it, the turbine
is usually positioned upwind of its supporting tower.
Turbine blades are made stiff to prevent the blades from
being pushed into the tower by high winds.
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One advantage of this arrangement is that the turbine
does not need to be pointed into the wind to be effective,
which is an advantage on a site where the wind direction is
highly variable. It is also an advantage when the turbine is
integrated into a building because it is inherently less
steerable. Also, the generator and gearbox can be placed
near the ground, using a direct drive from the rotor
assembly to the ground-based gearbox, improving
accessibility for maintenance. However, these designs
produce much less energy averaged over time, which is a
major drawback [4-8]. Figure 2 shows the vertical axis
twisted Savonius type turbine.

Solar power stations provide an environmentally benign
source of energy, produce virtually no emissions, and
consume no fuel other than sunlight. Some groups are also
encouraging more distributed generation, or rooftop solar
[10]. In 2008, solar electricity was not cost competitive
with bulk, base load power. However, it does provide
electricity when and where power is most limited and most
expensive, which is a strategic contribution. Solar
electricity mitigates the risk of fuel-price volatility and
improves grid reliability, since then costs have decreased to
make solar electricity increasingly competitive.[11-12]
While many of the costs of fossil fuels are well known,
others (pollution related health problems, environmental
degradation, the impact on national security from relying
on foreign energy sources) are indirect and difficult to
calculate. These are traditionally external to the pricing
system, and are thus often referred to as externalities. A
corrective pricing mechanism, such as a carbon tax, could
lead to renewable energy, such as solar thermal power,
becoming cheaper to the consumer than fossil fuel based
energy. Solar thermal power plants can generally be built in
a few years because solar plants are built almost entirely
with modular, readily available materials. In contrast, many
types of conventional power projects, especially coal and
nuclear plants, require long lead times [13]. Figure 3 shows
the solar two power tower system.

Figure 2: A vertical axis Twisted Savonius type turbine

The key disadvantages include the relatively low
rotational speed with the consequential higher torque and
hence higher cost of the drive train, the inherently
lower power coefficient, the 360-degree rotation of the aero
foil within the wind flow during each cycle and hence the
highly dynamic loading on the blade, the pulsating torque
generated by some rotor designs on the drive train, and the
difficulty of modeling the wind flow accurately and hence
the challenges of analyzing and designing the rotor prior to
fabricating a prototype [9].
The southwestern United States is one of the world's best
areas for insolation, and the Mojave Desert receives up to
twice the sunlight received in other regions of the country.
This abundance of solar energy makes solar power plants a
cleaner alternative to traditional power plants, which
burn fossil fuels such as oil and coal.

Figure 3: Solar Two Power Tower Systems.

A battery storage power plant is a form of storage power
plant, which uses batteries on an electrochemical basis for
energy storage.
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Unlike common storage power plants, such as
the pumped storage power plants with capacities up to 1000
MW, the benefits of battery storage power plants move in
the range of a few kW up to the MW range - the largest
installed systems (1/2017) reach capacities of up to 300
MWh [14-15].
Battery storage power plants, like all storage power
plants, primarily serve to cover peak load and in networks
with insufficient control power and the grid stabilization
[16]. Small battery storage called solar batteries with few
kWh storage capacity, are mostly in the private sector
operated in conjunction with similarly sized photovoltaic
systems to daytime bring revenue surpluses in yield poorer
or unproductive hours in the evening or at night, and to
strengthen their own consumption, sometimes battery
storage power stations are built with flywheel storage
power systems in order to conserve battery power.
Flywheels can handle rapid fluctuations better [17-18].
II. OPTIMIZATION FOR THE CONTROL METHOD
PERFORMANCE
Figure 4 shows a block diagram of a controldeveloped method for two renewable energy generators,
battery bank resource and emergency LPG I diesel
generator, controlled by the PLC. The control method
depends on three analogue sensors (wind anemometer,
solar sensor, battery voltage sensor), digital inputs, Allen
Bradley SLC 500, and four output contactors, four
interference relays, as shown in highlighted line blocks in
Fig. 1.13. Al is the final AC bus bar where all the
generators deliver power to the customer's load. A2 is
the bus bar after the diesel and wind generators directly to
allow supplying the PLC and the rest of the control system.
A3 bus bar is supplied from the solar generator and
battery bank supplying inverter 2 to invert the DC voltage
into AC voltage, where upon it will supply A2 bus bar,
while A4 bus bar is the main DC power supplied from the
solar and battery bank contactors. The three analogue
sensors are connected to the analogue input card of the
SLC 500. Any reading via any sensor will transfer it to the
analogue input card. As the result of the loop powered
method all the sensors are connected in series with the
analogue input card.

Figure 4: Block diagram of the optimised control method for the
renewable energygenerators.

Figure 5 shows the relationship between the input value
and scaled value. For example choosing
the wind
anemometer
to explain how the calculation
has
been done, and its 'implementation
in the
application software program, (more details about
analogue sensors in chapters 2 and 3) (4 - 200) Km/h
is the operating range of wind anemometer, which is
corresponded to a 4mA to 20mA signal connected
to analogue input card 3, channel 1. The input value is
monitored to remain within 4mA to 20mA range or
within 4Km/h to 200Km/h. Figure 5it shows three zones,
firstly under-range zone, in this zone the wind
anemometer or any other sensors will deactivate the
output contactor because the reading is outside the
energized working zone. In the second zone the
wind anemometer will activate the output contactor
because the sensor read between (4 - 20) mA.
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The last zone is the over-range zone, which the wind
anemometer read above the energized working zone as a
result of this; it will deactivate the output contactor.
The SCL instruction in the software needs two
parameters to start scaling the input value, this input
value is detected
by wind anemometer, which is
connected by loop-powered method, these parameters
are rate, and offset. To find these values using the
linear relationship between input value and scaled range
in Km/h, the following formulas helps to find these two
values.

Figure 6: SCL instruction bit for wind anemometer.

Digital inputs used in this code are connected to the
input card (1746-1 *16) 24 V DC located in slot 1. Table
7 shows the comment, the address, symbol will be
used in SCADA, and the type of each input connected
to the slot 1 . Input I1 : 1. 0/8, I : 1. 0/9, I: I . 0/ 15 are not
used (spares); the rest 13 inputs had been used.
Table 7:
Slot 1 (digital inputs)

Figure 5: The Scaling graph.

Slope = scaled range/ input range. Off set = min
scale - (min input value * slope).
Rate = (scaled range/input range) * 10000.
To implements these calculated values from the
linear relationship as shown above in the application
software program, fill the SCL Instruction with these
calculated values so that it starts reading from wind
anemometer. Figure 6 shows the usage of SLC
instruction
(scaling instruction)
in the software
program. If all conditions for wind system are being
met (permissible
wind speed), then the wind
anemometer transfers the value to the analogue input
card (hardware). The control program with the help
of the scaling instruction (SLC) starts calculation or
working; as a result, it activates the internal relay
so that the microprocessor of the PLC orders an
output through the output card to activate wind
contactor's coil, connecting wind generator to the
AC bus bar. Using the wind anemometer
as a
demonstration
method, to show the significant and
key factor of the analogue sensor as a software and
hardware to control the renewable energy system.
Same method is used for both solar and battery voltage
sensor.

Digital outputs, which have been used in this code are
connected to card (1746- OVP16) 24 V DC located
in slot 4 on the PLC. Table 8 shows the comment,
address, symbol (should be used in future for SCADA),
and type for the digital outputs, this output card
contains
16 terminals,
four outputs
had been
connected to this card, wind generator output, solar
generator o~ B_B_generator output on, and diesel or
LPG generator on. 12 terminals have not been used
(spares). An explanation for analogue inputs has been
explained earlier in this paper..
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Table 8:
Slot 4 (output card)

Because
the
control method
is PLC driven,
controlling the renewable energy generators remotely
can he achieved by a SCADA system via telephone
line and modem. Further work i s also recommended to
investigate how to perform the optimum performance
o f the control system.
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III. CONCLUSIONS
Wind power can be an essential part of the renewable
energy input, but it requires time and energy in design
and implementation. The locating of wind systems and
the infrastructure are vital the project being both safe and
efficient. As a general rule, wind machines require a
location where obstructions will not block the wind
energy. Further, because of the enormous potential
energy available with wind, the mounting structure
must be able to withstand the most severe projected wind
drag.
Photovoltaic cells convert sunlight directly into
electricity and are made of semiconductors such as
crystalline silicon or various thin-film materials.
Photovoltaic can provide tiny amounts of power for
watches, large amounts for the electric grid, and
everything in between.
PV allows people the
opportunity to ignore traditional electrical power supply
structures and meet their own power needs locally. In
rural regions of the world today, where there are no
power companies offering electricity, PV is often the
technology of choice. PV is best suited for remote site
applications that have small to moderate
power
requirements, or small power consuming applications
even where the grid is in existence. A few power
companies are also promoting limited grid-connected PV
systems, but the large market for this technology is
for stand-alone (off grid) applications.
Future work for implementing this research of
renewable energy generators in a rural high-rise position
is highly recommended in order to increase the
dependency on fuel free generators. The major aim for
the future work is to increase the electricity generation
by wind and solar energy. The future research should
continue to achieve the optimum method
for
controlling the multiple renewable energy sources.
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