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Solar Charge Controllers using MPPT and PWM: A
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Abstract: With the increasing demand of power and energy, energy conservation and
use of renewable resources have become a crucial necessity. Solar energy will become
the ultimate and prime source of energy in near future. Therefore, highly efficient and
low energy consuming solar-powered equipment and applications will soon be a major
requirement. In this paper, solar charge controller using Maximum Power Point
Tracking (MPPT) and Pulse Width Modulation (PWM) have been analyzed and
compared, which is needed in all solar powered systems that utilize batteries. Its role is
to regulate the power going from the solar panel to the batteries. Most of the modern
charge controllers include PWM and MPPT. These charge controllers are designed
such that the solar battery gets recharged quickly and does not get over discharged,
thereby ensuring the prolonged lifespan of the battery.

Keywords: Solar energy, MPPT, PWM, Charge controller.

1. Introduction

Today’s world is facing an energy shortage due to
the increase in consumption of energy day by day.
This led to a decrease in natural resources like oil
and natural gas that are not eco-friendly. To meet
this increasing demand of power, renewable energy
sources are an urgent need. Hence, solar energy,
which is pollution free and easily available natural
resource, can be used for power generation.

The solar charge controller’s primary
function is to maintain the amount of charge
coming from the solar PV module that flows into
the battery bank in order to avoid the batteries
being overcharge. It performs three basic functions:

(i) It limits and regulates the voltage from the
solar panel to avoid overcharging the battery.

(if) While dc loads are used, the controller does
not allow the battery to get discharge.

(iii) Allows different dc loads to be used [1].

Modern charge controllers are pulse width
modulation (PWM) and maximum power point
tracking (MPPT) controllers which are mostly used
now-a-days. Both technologies are widely used in
the off grid solar industries and are both great
options for efficiently charging the battery. MPPT
charge controller major role is to extract the
maximum power from the PV module. The MPPT
checks the output of the PV module, compares it to
battery voltage then fixes what is the best power
that PV module can produce to charge the battery
to get maximum current into the battery. It is also a
DC to DC converter which takes DC input from the
PV module then changing it to AC and converting

it back to DC voltage and current of different
values to match the PV module of the battery
[2].PWM comes into play when battery bank is
full. It is use to control high current and voltage

31
2. PWM Charge Controller

Pulse width modulation (PWM) main purpose is to
switch the solar system controller power devices by
applying a constant voltage battery charging.
Modern charge controllers used PWM to allow
lower amount of power applied to the batteries
when the batteries are almost fully charged. PWM
allows the battery to be fully charged with less
stress on the battery prolonging the battery life.

PWM controller works on the concept that
when solar cell produces voltage, this voltage is
then indicated by voltage indicator. After this
measurement, voltage controller controls the
voltage and thus by using this voltage solar panels
batteries are charged [3].

* Voltage indicator ‘ L

¢ Controller

m* Load Controller ‘ Battery

Figure 1: Flowchart of Pulse Width Modulation
(PWM) charge controller [3]
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PWM charge controllers use technologies similar
to other modern high quality battery chargers.
Some of the unique benefits of PWM pulsing [5]
are:

= Ability to recognize lost battery capacity and to
desulfate a battery.

= Dramatically increase the charge acceptance of
the battery.

= Maximum high average battery capacities.

= Equalize drifting battery cells.

= Reduce battery heating and gassing.

= Automatically adjust for battery ageing.

= Self-regulate for voltage drops and temperature
effects in solar systems.

7 MPPT: 100 W

¢ Ipwm m 25°C

5 PWM: 81 W
C 2
HE g
g <

1

0 _Vewm 0

0 5 10 15 20 25
Voltage (V)

Figure 2: Current Vs Voltage curve for PWM [5]

A PWM controller is not a DC-DC
transformer. It is a switch, which connects the solar
panel to the battery. When the switch is close, the
panel and the battery will be at nearly the same
voltage. The voltage will increase with increasing
state of charge of the battery [3].

3. MPPT Charge Controller

To increase the efficiency of a solar panel, use of
MPPT, which is a power electronic device, comes
into play. By using MPPT, the system will start
operating at Maximum Power Point (MPP) and
produces its maximum power output by detecting
the maximum radiation on sun that falls into the PV
module. Thus, it produces overall system cost [6].

Under certain conditions, MPPT charge
controllers are used for extracting maximum
available power from PV module so that the
voltage at PV module can produce maximum
power that is called ‘maximum power point’.
Maximum power changes with solar radiation,
ambient temperature and solar cell temperature.
Maximum power point tracking (MPPT) technique
is used to improve efficiency of solar panel [6].

Fig. 1 shows I-V characteristics of a non-
linear output efficiency of a solar cell as solar cells
have a complex relationship between temperature
and total resistance. Thus, the purpose of MPPT

system is to sample the output PV cell and apply
proper resistance to obtain maximum power for any
environmental conditions. MPP is the product of
MPP voltage (Vmgp) and MPP current (1) [7].

[-V Characteristic

Current (A}

valtage (V)

Figure 3(a): I-V characteristics of PV panel [7]

vohtagely

Figure 3(b): P-V characteristics corresponding to
I-V characteristics (red dot shows
maximum power point (MPP) [7]

The MPPT solar charge controller acts
like a DC-DC transformer, which transforms power
from a higher voltage to a lower voltage level. If
the output voltage is lower than the input voltage,
then the output current will be higher than its input
current so product P=V*| remains constant. This
equation implies that fluctuations in power also
mean changing of voltage and current values [12].

There are three factors are to be
considered when extracting maximum amount of
power from a PV panel:

(i) Irradiance: Changes PV panel current
operating point

(if) Temperature: Changes PV panel voltage
operating point.
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(iii) Load: Used as a reference for the current and
voltage [12].

4. Comparison Between PWM And
MPPT Solar Charge Controllers

PWM helps to get the batteries charged up, extends
the life of the battery, and more of the power
generated by the solar panels is stored. Since the
batteries store more energy on average, a smaller
battery (or less battery in a battery bank) can be
used reducing overall system costs [13].

MPPT solar charge controllers allow users
to use PV module with a higher voltage output than
operating voltage battery system. Since MPPT
units are generally larger in physical size so they
are more costly as compared to PWM
controllers[2].

Table 1: Advantages of PWM and MPPT

PWM MPPT

= PWM controllers = MPPT solar charge
are built on a time controllers offer
tested technology an increase

= These controllers in efficiency up to
are inexpensive. 30%.

= PWM controllers = These controllers
are available also offer the
in sizes up to potential ability
60AmMps. to have an array

= PWM controllers with higher input
are durable, most voltage than
with passive heat the battery bank.
sink style cooling. | = Used to correct for

= Can control high detecting the
current and variations in the 1-V

voltage. characteristics of
= Longer expected solar cell.
lifespan [3]. = |t forces PV module

to operate at voltage
close to maximum
power point to draw
maximum available
power.

= Reduces complexity
of system while
output of system is
highly efficient [2].

Table 2: Disadvantages of PWM and MPPT

PWM MPPT
= The Solar input = MPPT controllers are
nominal voltage more expensive.

must match = MPPT units are
the battery bank generally larger in
nominal voltage if physical size.
we are going to use | = Sizing an appropriate
PWM. solar array can be
= There is no single challenging without
controller sized MPPT controller
over 60 amps manufacturer guides.
DC as of yet.
= PWM controllers = Using an MPPT

have limited controller forces the
capacity for system solar array to be
growth. comprised of like

= Cannot be used
effectively with
60A panels.

photovoltaic modules
in like strings [10].

PWM charge controller’s work is to match the
voltage of the panel to battery voltage and pulls
down the panel output voltage in doing so.
Whereas MPPT is the latest technology meant to
extract maximum from solar panel. They operate
according to the panel voltage and converts extra
voltage of panel into current which increases the
output from the solar system.

MPPT controller is at least 30% more
efficient than PWM controller i.e. with MPPT we
get 30% more output of the solar power system.

5. Conclusion

In this paper, a detailed review of PWM and MPPT
is presented. It is understood that the major role of
renewable energy like solar energy in today’s
world is going to play a role in the global energy
sector. Renewable energy sources are cost
effective, highly efficient and easy to install. With
better use of charge controllers the lighting
systems’ efficiency will be increase. These charge
controllers prevent reverse-current flow. When
solar panels are not generating electricity,
electricity flows backward from the batteries
through solar panels. Hence, when the controller
detects no energy from the solar panels, it
disconnects the solar panels and hence stops the
reverse current flow. The comparison between the
two types of controllers shows the superiority of
MPPT as compared to PWM.
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Abstract: Hot spot heating causes permanent destruction of the solar cell structure.
Areas with high impurity contaminants and high concentration of transition metals
have the most number of hot spot heating. When the operating current of the overall
series string approaches the short circuit current of a bad cell then the overall current
becomes limited by the bad cell. The good cell becomes forward bias, which reverse
biases the bad cell. This leads to large dissipation of power in the bad cell. Enormous
power is dissipated in the bad cell or hot spot that results in destructive effects like glass
cracking, melting of solder or degradation of a solar cell. The solar panel works best
when there is no shade on them. If there is a partial shadow in any one of the arrays,
the efficiency of the solar panel drops to a great extent. The shaded cell becomes
reverse biased so maximum power will be dissipated on the shaded cell. The heat
developed due to the reverse biased of the shaded region adds to the dissipated power.
Keywords: Solar PV, partial shading, maximum power extraction, solar irradiance

1. Introduction

In a series connected solar photovoltaic module,
the cells are not equally connected. The shaded
cells may get reverse biased which acts as a load. If
the system is not fully connected, there is a chance
of creation of hotspot.

2. Partial shading and bypass diode

Shade impact depends on module type, fill factor,
bypass diode placement severity of shade and
string configuration [1]. Typically, a crystalline
silicon module will contain bypass diodes to
prevent damage from reverse bias on partially
shaded cells. These diodes are placed across 12 -
18 cells in a group of cells. The bypass diode
allows current from non-shaded parts of the module
to pass by the shaded part and limits the effect of
shading to the only neighboring group of cells
protected by the same bypass diode.

i

Current

voltage $
Figure 1: V-I characteristics

Here, the current will be maximum at that
point where the green curve intersects the red
curve. This graph depends upon the number of cells
that are shaded sequentially.
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Figure 2: P-V characteristics

The P-V characteristics curve always depends upon
the value of G i.e. irradiance [2]. The maximum
power point is shown in the graph, which is the
peak value i.e. Pyax.

2.1 Partial shading of a single module

Bypass diodes usually reduce hotspot in solar
panel. The bypass diode will ensure the operation
of the module [3]. However, the number of bypass
diode is limited, so the shading of one single cell
will affect the cells in the module.

2.2 Partial shading in two modules

Partial shading can be done in two modules.
Here the blue curve shows the p-v
Characteristics of solar PV panel which are having
different irradiance i.e. G.

Non-shaded
module \\ \

v ~i
% £\
a L3 |\
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& g > & —t N\l
— h:‘; \\\

= \

E \\ \

= \ \
3 9] \.|_Shaded module \
2 I \
a SN
2 Reversed Forward o
g \
=

biased region| biased region ) \

| | Voltage of PV module, ¥,
(a) (b)

Figure 3: Partial shading in two modules
3. Hotspot in solar panel

Some cells exhibit inhomogeneity of the surface
temperature resulting in localized heating [4].
These heating occur when there is one low current
solar cell in a string of several high short circuit
current solar cells. Hot spot heating causes
permanent destruction of solar cell structure. The
elemental composition of different regions of solar
Cells revealed that the areas with high impurity
contaminants have the most number of hot spot

heating. In addition, the areas with high
concentration of transition metals result in hot spot
heating. When the operating current of the overall
series string approaches the short circuit current of
the bad cells then the overall current becomes
limited by the bad cell. The good solar cells now
become forward biased. The forward biased across
all the cells reverse bias the bad cell. A large
number of cells connected in series causes reverse
bias across the shaded region, which leads to large
dissipation of power in the bad cell [5]. Thus, all
the generating capacity of the good cells is
dissipated in the bad cell. The enormous power
dissipation occurring in a small area results in
overheating of the bad cell or “hot spot” which
results in destructive effects like glass cracking,
melting of solder or degradation of the solar cell.

4. Main causes of hotspot in solar panel

There are many causes of a hot spot. The functional
causes of hot spot are-

1) Cell mismatch:- occurs when cells of varying
current production are connected in series.

2) Cell damage:- occurs during the production
process because the silicon cell will be
subjected to many stresses during lamination,
handling, and transportation.

The operation of the hot spot is related to solar park
design and operation includes:-

1) Partial shading:- There is a drastic effect of
shading on a solar panel. The efficiency of the
solar panel decreases enormously even for a
small partial shading.

2) Rooftop condition:- When cells are completely
shaded this may not be sufficient to trigger the
bypass diode, resulting in increased
temperature which will degrade the panel.

3) Soiling:- Panels can be soiled due to dust, dirt
and other contaminants during the lifetime
which results in the formation of a hot spot.

In Fig. 4, two parallel-connected solar
cells are shown. The green solar cell is in sunlight
and the red one is shaded. The generated current
from the green and red solar cell is 1; and I,. The
total current (I3+1,) is flowing out from the solar
panel. The V-1 characteristics of the green and red
cell are shown in Fig. 4.
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L+kz

v

Figure 4: V-1 characteristics of a good cell (in
sunlight) and bad cell (shaded).

5. Conclusion

When Hotspot generates in a solar panel it
permanently damages the solar panel. Because of
that, a huge loss is there in the consumer end. Gowt.
of India (GOI) has a target to generate 100GW by
2022 from solar energy. That is why a number of
solar projects are going on across the country.
However, along with the solar mission of power
enhancement we will have to look towards the
different auxiliary problems that arise in the solar
panels. Out of all auxiliary problems, hot spot
generation is the most severe one. Therefore, it is
our utmost requirement to do research to overcome
from this problem
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Abstract: DC-DC converters are some power electronic circuits that convert the DC
voltage from one level to another. They have a very large area of applications ranging
from computing to communication. They are widely used in appliance control
transportations and high-power transmission. Its increasing demand is based on its
capability of electrical energy conversion. The basic topologies of DC-DC converter are
Buck converter and Boost converter, other topologies are derived from these two basic
topologies. Mathematical modelling of both Buck converters is done. Some of the
control schemes are summarized in this paper. Current mode control (CMC), PID,
Sliding Mode (SM) control including their advantages and disadvantages are

highlighted in this paper.

Keywords: DC-DC converter, PID, Sliding Mode Control and Buck converter.

1. Introduction

The switch mode DC-DC converters are the
simplest power electronic circuit that efficiently
converts an unregulated DC voltage into a
regulated DC voltage. Solid state device such as
transistors and diodes are used as switching power
supplies. They operate as switch either in
completely ON or completely OFF state. The
energy storing elements such as inductor and
capacitor are used for energy transfer and work as a
low pass filter. The buck and boost converters are
the two fundamental topologies of switch mode
DC-DC converter. DC-DC converters have a wide
area of applications. The drastic use of these
converters in appliances control,
telecommunication equipment, DC-motor drives,
automotive, aircraft, etc. increases its interests in
many fields.

The analysis along the control of
switching converters is the main factor to be
considered. Various control schemes are used to
control the switch-mode DC-DC converter. There
are many advantages and disadvantages related to
every control methods. Preference is always given
to the methods under which the best performance is
obtainable. The most commonly used control
technique is PWM voltage mode control, PWM
current mode control, PID controller. The
disadvantage of these controllers is that satisfied
results are not achievable under large parameter or
variation of load. Therefore the utilization of non-
linear

2. Literature Review

R. Priewasser et al. [1] in 2010 derived a linear
PID (proportional-integral-derivative) control loop,
both in analog and digital domain and compared its
performance to a non-linear regulation loop. A goal
of this research work was to point out potential
advantages and drawbacks of the different
solutions. This exploration forms the starting point
for the implementation of the most promising
concepts in CMOS technology. Mike Wens et al.
[2] in 2012 discussed a brief mathematical steady
state model for fully-integrated boost and buck DC-
DC converters, which takes all the significant
resistive and dynamic power losses into account.
The maximization of output power and power
density parameters is the main goal of this work. K.
Bhattacharyya et al. [3] in 2012 implemented an
integral DC-DC converter to reduce the energy lost
and to reduce the output voltage ripple. Apart from
ripple reduction, its power efficiency is improved
by reducing short-circuit currents in the switched
capacitor converter. A combination of non-overlap
switching phase and a dip-reducer helps to reduce
short circuit current without degrading the output
ripple. The converter has been used to observe the
power efficiency and ripple variation at different
frequency of operations. In another research work
by D. Sutanto et al. [4] in 2010, two topologies for
the buck converter are presented and the first
converter consisting of two active switches and the
second one derived from the parent two switch
converters which consist of only one active switch.
This new converter can operate a constant
switching frequency using a simple PWM control.
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This converter has a good efficiency, as is proved
by the experimental results. The operation of the
two-switch converter, derived from the new single-
switch converter is presented to gain insight
designing of the new converter. Yogesh V. HOTE
in 2012[5], presented, using Kharitonov’s theorem,
an analytical technique for time domain analysis
used for the transient and steady-state response of
Pulse Width Modulation (PWM) push-pull DC-DC
converter. Even though the transfer function model
of a PWM push-pull DC-DC converter is disturbed;
the complete analysis has been done on a linear
transfer function model of a PWM push-pull DC-
DC converter which is the main advantages of the
proposed analysis. In the research work by T. B
Petrovic et al. [6] in 1999, the design for a single
operating dc/dc converter using robust controller
has been investigated. Using Hoo optimization
procedure with Glover-Doyle algorithm, the
controller is designed. Stability and performance
robustness is achieved in the presence of
unstructured multiplicative (input) uncertainty
using this designed controller. While maintaining
robustness properties, a simple technique is used to
reduce the controller order. Using computer
simulation, the performance of the closed-loop
system is evaluated, and the results are compared
with previously designed classical PI controller and
IMC controller. Xile Wei et al. [7] in 2009,
proposed the internal model control of a
conditional integrator in order to get the robust
output regulation of a DC-DC buck converter.
Based on the input-output linearization from the
state-space averaged model of a DC-DC buck
converter, the robust output regulation problems of
the converter can be converted into a robust
stabilization problem of a system consisting of the
given buck converter and the internal model by
introducing a proper internal model. In the research
work done by Carlos Olalla et al. [8] in 2012, a
new digital robust control law for dc-dc converters
is analyzed and implemented in this paper which
has been successfully wused with analog
implementation, has been adapted to the digital
domain. Concretely, this paper considers the design
of a power conditioning unit, which must consider
the uncertainty of the converter, as the conduction
mode, the load, the input voltage or the storage
elements while assuring that the specifications of a
well-known standard are met.

3. Background Study
3.1 Switch mode DC-DC Converter

The switch mode DC-DC converters are those
which convert the unregulated DC voltage to a
regulated DC voltage with high efficiency and
flexibility. The various types of DC-DC converters
comprise of buck converter, boost converter, buck-

boost converter etc. Buck and boost converters are
the two fundamental topologies of switch mode
DC-DC converter whereas buck-boost converter is
the combination of buck and boost converter
topologies.

DC-DC converter usually operates in two
modes of operation: continuous mode and
discontinuous mode. In case of continuous mode,
the current through the inductor never falls to zero
whereas in case of discontinuous mode the current
through the inductor falls to zero as the switch is
turned off.

3.2 Buck Converter

The buck converter is shown in figure 1. It is the
step-down converter in which a fixed high voltage
is step down to a desired low voltage level. It
consists of a non-dissipative switch, inductor, and
capacitor. The switches will operate at the rate of
PWM switching frequency. The ratio of ON time
when the switch is closed to the entire switching
period is known as the duty cycle and is
represented as:

g ton
T
and the output voltage is controlled by varying the

duty cycle. During steady state, the ratio of output
voltage over input voltage is d, which is given by:

\Y

d — out
Vin
sl .ﬂ I/“Y/"\
J‘\ ) ‘ L
\‘)w 52 / C_— R|| Vout

Figure 1: Basic Buck Converter

In the first sub-circuit state when the
switch S1 is closed, the diode is reversed biased
and the energy is transferred from the source to the
inductor and the current through the inductor
gradually increases during this time interval as
shown in figure 2(a). In the next sub-circuit state
when the switch S2 is closed, the source is
disconnected from the network. The diode will be
forward biased and the current will flow through
the freewheeling diode. During the second time
interval, the current through the circuit decreases
linearly as the energy in the inductor discharges as
shown in figure 2(b).

Lynser et al., AJEEE, ISSN: 2582-0257, Vol.2, Issue 1, Feb. 2018, pp. 8-13 | Page| 9



ADBU Journal of Electrical and Electronics Engineering (AJEEE) |

www.tinyurl.com/ajeee-adbu

~
WAL [ RD Veut Cc= R| |Vout

(@ (b)

Figure 2: Buck Converter when (a) Switch is ON
(b) Switch is OFF

3.3 Control techniques used in DC-DC Buck
Converter

In DC-DC converter for a given input voltage, the
output voltage can be controlled by controlling the
ON or OFF duration of the switch. Pulse Width
Modulation (PWM) is one of the methods in which
the control circuit regulates the output by varying
the ON time of the switch and by fixing the
switching frequency.

DC-DC converter

Figure 3: Elements of switching-mode regulator

3.4 Voltage Mode Control of DC-DC

Converter

It is a type of single loop controller, where the
output voltage is sensed and subtracted from the
reference voltage in an error amplifier. The error
amplifier will generate a control signal which is
compared with constant amplitude saw-tooth
waveform. A PWM signal is generated from the
comparator is fed to the drivers of the controller
switch of the converter. The duty ratio of the PWM
signal depends on the value of the control voltage.
The frequency of the PWM signal will remain the
same as that of the control signal.

Some of the advantages of voltage mode
control are its simple hardware implementation and
flexibility and voltage mode provides good load
regulation, that is, regulation against variation in
load.

Voltage
reference

Control
Error voltage PWM signal
amplifier, Comparator de-dc converter

_111 Sawtooth

waveform

Output voltage

Figure 4: Control schemes for dc-dc converters:
Voltage-Mode Control [13]

3.5 Current Mode Control of DC-DC

Converter

Current mode control method contains dual loop
including voltage and current control loop. Here an
additional inner loop control loop feedbacks an
inductor current signal. The current signal is
converted into its voltage analog and is compared
with the control voltage. The modification of
replacing saw-tooth waveform voltage mode
control scheme by converter current signal
significantly alters the dynamic behavior of the
converter.

Some of the advantages of current mode
control scheme include: good and improved
performance in the line regulation, self-protection
opposes overload, shows improved transient
response.

Control
Error voltage | Comparator |pyw signal
amplifier and | dc-dc converter
’—> latch

Switch or inductor current

Voltage
reference

QOutput voltage

Figure 5: Control schemes for dc-dc converters:
Current-mode Control [13]

3.6 Linear Control
Converters

Design  for dc-dc

The design of the DC-DC converter using linear
control method is presented. For designing a linear
controller, an accurate model is essential which can
be obtained using the state-space averaging
technique. In the case of the buck converter, the
control law is based on the small signal model.

Designing of PID and PI controllers were
executed using small signal models. To achieve
high loop gain, the system was compensated, wide
bandwidth and  sufficient phase  margin.
Transformation of the PID and PI controllers was
possible using the backward integration method.
PID and Pl controllers were altered into digital
controllers transform.

3.6.1 PID Controller
Converters

design for Buck

To design a controller using the frequency response
method, phase-lead, phase-lag or lead-lag
compensation is usually used. A proportional-
derivative  (PD) controller is  phase-lead
compensation. The advantage of using PD
controllers is that it leads to the increase of phase
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margin and improvement of cross-over frequency.
The transfer function of a PD controller is:

G (8) =K, + Ky (9)

A proportional-integral (P1) controller is a
phase-lag controller. A PI controller is used to
increase the low-frequency loop gain, therefore
reducing steady-state error. The transfer function of
a Pl controller is:

Go(s)= K, + K _KeSHKY

P s s

The PI controller has a pole at the origin. Both PD
and PI controllers are first-order controllers.

By using a lead-lag compensator, the
advantages of lead compensation and lag
compensation can be combined to obtain sufficient
phase margin, high loop gain, and wide control
bandwidth. A proportional-integral-derivative
(PID) controller is a lead-lag compensator. It is the
most widely used compensator in feedback control
systems. The PID controller is defined as:

u(t) = K.e(t) + K, je(t)dt +K, 20O

where e(t) is the compensator input and u(t) is the
compensator output.

The Laplace transform of the above
equation yields the transfer function:

_U(@) _ Ky
Ge(8)= () =Ke+— +Kp(8)

The integral term is phase-lag and the
derivative term is phase-lead. The low-frequency
gain is improved by the integral term, and the low-
frequency components of the output voltage are
accurately regulated. At high frequency, the phase
margin and cross-over frequency are improved by
the derivative term, which improves the system’s
stability and the speed of the transient response. An
increase in the proportional term will increase the
speed of system response; however, too much
proportional gain will make the system unstable.

For operation during a startup transient and
steady state, a PID and a Pl controller were
designed for the buck converter respectively. The
derivative term in a PID controller is susceptible to
noise and measurement error of the system, which
could result in oscillation of the duty cycle during
steady state. However, the derivative term is
needed during a transient period to reduce the
settling time by predicting the changes in error.
Therefore, to obtain the desired response the
system switches between PID and Pl controllers
during transient and steady-state period. The PID
controller is applied during startup to obtain a fast-
transient response. The Pl controller is applied

during steady state to reduce oscillation of the duty
cycle and improve the system’s stability.

3.6.2 Implementation of Digital PID and PI
Controllers

Frequency response technique is used for designing
the PID and PI controller, which will be based on
the small signal model of the DC-DC Buck
converter. These are transformed into digital
controller using back integration method.

The digital PID controller can be deduced
from the PID controller equation as:

u(t) = Kee(t) + K, j e(t)dt + K, de(t)

dt

The difference equatlon to calculate a new
duty cycle for the digital PID controller given as:

u[k] = Ke[k]+ K,Tzk:e[i] +%{e[k] e[k

i=0

The digital PID controller can be deduced
from the PID controller equation as:

u(t) = Kpe(t) + K, Jr'e(t)dt

The difference equation to calculate a new
duty cycle for the digital PI controller given as:

u[k] = K e[k]+ K,Tie[i]

In the above equations, u[k] is the
controller output, e[k] is the error of k™ sample,

k
Ze[i] is the sum of the error and

{e[k]—e[k —1]} is the difference between the
error of the k™ sample and (k-1)" sample.

s

proportional gain

_1]}

i _’Detk) b T
i PR,

ADC

{ + [
—’
z derivative gain

elk-1)

Figure 6: Block diagram of digital PID controller.
3.7 Sliding Mode Control (SMC)

Sliding mode control is the only non-linear method.
Sliding mode controller is a systematic approach to
solve the stability problem and consistency
performance. Switch mode controller could be

]
[

controller output
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implemented for switch mode power supplies.
Switching control action is required to drive the
non-linear plants' state trajectory into a specified
surface in the state space and to maintain the plants'
state trajectory for subsequent time. The gain of the
feedback path depends upon the position of the
trajectory w.r.t surface. If the trajectory is above
the surface feedback path has one gain and the gain
will change as the trajectory move below the
surface. The surface is known as the sliding
surface. Ideally, a response is made to slide along a
predefined trajectory with the help of the control
algorithm. The control detects the deviation of
actual trajectory from the reference trajectory and
correspondingly changes the trajectory to restore
the tracking.

Switch Mede Contrel Jr—r »>
T

)

Relax

]

Tnzer Curreat Feadhack Losp

I
I

Integrator Gain=10

i
[ ]

Figure 7: Block Diagram of SMC

4. Conclusion

In this review, we provided a control technique
used for DC-DC converters. The basic concepts
behind every adaptive control schemes have been
highlighted. A comparison is made between the
different control schemes. The selection of
controller depends on the purpose for which it is
required. The development of a more reliable and
efficient control technique will be possible in the
upcoming days.
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Abstract: Greenhouse crop production was a very significant event in the history of
agriculture since it was realized that with the help of it many plants could be protected
from different biotic and abiotic stress. It emerged as a system to protect crops from
critical and adverse conditions affecting the growth of plants. The greenhouse is a non-
linear system and controlling becomes a difficult task. The parameters affecting the
plant growth are temperature, relative humidity, carbon dioxide, nutrition, availability
of water and the growing media. The quality and productivity of the crop plants is
highly dependent on the management of these parameters. From all the parameters,
temperature and humidity are of primary importance to most growers as it is
responsible for determining the reaction rates of various metabolic processes involved
in the plant growth. In addition, regulating temperature has a direct influence on the
relative humidity and carbon dioxide levels of the greenhouse system.

Keywords: Greenhouse, Climate Control, Control Actuators.

1. Introduction

The popularity of computers for the management
of greenhouses is increasing in those countries
where the environmental conditions are not suitable
for the development of plants. In The Netherlands,
computers are used for different applications like
the climate control, the boiler, and the irrigation
control, but the best known of them is the climate
control (temperature, humidity, COzlevel and
artificial lighting). Automatic greenhouse climate
control systems are being widely installed
nowadays in Southeast Spain. As a basic
requirement, climate control helps to avoid extreme
conditions (high temperature or humidity levels,
etc.) which can cause damage to the crop and to
achieve adequate temperature integrals that can
accelerate the crop development and its quality
while reducing pollution and energy consumption.
The crop production system is characterized by
both fast and slow dynamics, the first associated
with the greenhouse climate and the second with
crop growth. As a first approximation, seasonal
optimization can treat the physical climate as
immediately realizable through the control. The
main improvements in the computer -based climate
control are found in data logging the determination
of climate set-points, monitoring and alarm
functions. Nowadays, the agro-alimentary sector is
incorporating new technologies due to the large
production demands and the diversity, quality, and
market presentation requirements. The dynamic
behaviour of the micro climate is a combination of
physical processes involving energy transfer
(radiation and heat) and mass balance (water

vapour fluxes and CO, concentration). These
processes depend on the outlet environmental
conditions, structure of the greenhouse, type and
state of the crop and on the effect of the control
actuators. The main ways of controlling the
greenhouse climate are by using ventilation and
heating to modify inside temperature and humidity
conditions, shading and artificial light to change
internal radiation, CO2 injection to influence
photosynthesis and fogging/ misting for humidity.
The temperature in a greenhouse is affected by the
ventilation and the amount of sunshine it receives
Greenhouses are designed to trap the heat from the
sun. If nobody changed anything, the temperature
would keep rising until the sun sets. The
temperature can be controlled by opening the door
or opening vents in the roof. In extreme cases, air
conditioning could be used to bring the temperature
down to a reasonable level. The humidity inside a
greenhouse is almost always close to the maximum
because of the amount of greenery. Leaves
naturally perform a process called transpiration, in
which they release moisture into the atmosphere
from pores in their surface Controls on humidity
are similar to those for heat.

The idea of synchronizing graspable real
models and virtual world by interfacing sensor was
published for the first time by Bruns. Many ideas,
applications and prototypes based on this concept
have been investigated and implemented since
then. In the work done by R. Caponetto et al. [1],
the authors proposed the modelling of greenhouse
from a physical point of view, which requires a
large computer effort due to the intrinsic
complexity of the system and of the phenomenon
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involved. The synthesis of a climate control
became a complicated task due to the physical
dynamics involved in the greenhouse. In another
work by F. Lafont et al. [2], the authors proposed
that the greenhouse models are non-linear and are
strongly disturbed often by the weather conditions
that are impossible to forecast precisely. Thus,
model-free control is a saviour to this problem. In
the work by W. J. Roberts [3], the author proposed
that controls are important part of heating and
ventilating system. Capillary bulb type thermostats
are the most durable for greenhouse use.
Residential home type thermostats are usually more
accurate but are also more subject to deterioration
and malfunctioning caused by the greenhouse
environment. In another work by M. Berenguel et
al. [4], the authors proposed the development of
mixed feed forward adaptive controllers for
greenhouse climate control based on both
simplified physical laws and online measured data
and were discussed in terms of their suitability for
adaptive control purposes. The schemes are tested
using a highly nonlinear model of a typical
Mediterranean greenhouse. The behaviour of the
control scheme has been analysed during daily
operation (first time scale) to compensate for
changing dynamics induced by operating point
changes and disturbance cycles. The authors F.
Rakoczi et al. [5] proposed that the humidity of the
atmosphere is a very important factor influencing
the greenhouse intensity of the atmosphere.
Greenhouse intensity is calculated as the difference
between the surface temperature and the effective
temperature of the atmosphere. If the water content
increases by 10%, it will result in the increase of
the greenhouse intensity by 1.34°C. In the case of
decrease of the atmospheric water content by 10%,
the greenhouse intensity will decrease by 1.6°C.

2. Greenhouse Control

A lot of simulations, referring to different control
techniques, can be done like standard bang-bang
control technique, fuzzy controller designed on the
basis of expert description, fuzzy controller
optimized via GAs; and, finally distributed
proportional integrative derivative (PID) controller.
Soft computing methodologies are complementary
and synergistic than competitive. The guiding
principle of soft computing is to exploit the
tolerance for imprecision, uncertainty and partial
truth, and the approximation to achieve the
tractability, the robustness, the low solution cost,
and the better rapport with reality. When there is
difference between the temperature and humidity of
the measured data and the data stored in the
database of natural temperature and humidity,
adjust by data detector, transfer the signal
information to the temperature and humidity
adjusting device which control the test point

temperature and humidity. The physical point of
view for designing a Greenhouse requires a large
computer effort. It is due to the internal complexity
of the system and operation involved. The
effectiveness of a Greenhouse, which is a
distributed parameter system, depends on several
non-linear phenomena. Radiation and convectional
effects are the factors on which the heat transferred
in a Greenhouse depends. Moreover, on account of
many uncontrollable signals like the solar radiation,
the crop transpiration, and so on, makes validation
of the model even difficult.

Natural
Temperature

P = Temperature
and Humidity

Sensor

Data Memory

Encoder Decodzr

Sensor ——

Temperature and

== Humidity Regulation of
. i
Humidity ] == Dete Comparstor execution agency

Figure 1: Schematic Diagram of simulation control
system of temperature and humidity

Factors affecting the climate of the green
house are temperature, humidity, CO2, soil
composition, light and soil ph. It is difficult to
control the parameters of the green house using
conventional techniques, the advanced technologies
like fuzzy logic, genetic algorithm, PID distributed
control and system modelling are widely accepted
nowadays The use of fuzzy logic controllers in a
greenhouse  for controlling parameters like
temperature humidity reduces the energy cost for
heating. Climate control of greenhouse involves
control and modification of day and night
temperature, CO2 and relative humidity for
maximum plant growth. Extreme values of
temperature as well as humidity need to be
controlled for both summer and winter season. In
order to make the feasible condition for the
optimum plant growth, the cooling and the heating
system need to be installed. The heating system is
installed to exchange the energy lost from the
greenhouse when the temperature outside the
greenhouse remains lower than the desired
temperature in the greenhouse growing area. As we
know the nutrition of the crops depends upon the
light, temperature, moisture and CO2 concentration
but the level of these climate parameters
particularly during rainfall will vary between
location and years due to the difference in its
climate.

3. Summary

Automatic greenhouse climate control systems are
being widely installed worldwide, using computers
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for different applications like the climate control
and the irrigation control, climate control being one
of the major concerns. As a basic requirement,
climate control helps to avoid extreme conditions
(high temperature or humidity levels, etc.) which
can cause damage to the crop. Simulation, referring
to different control techniques, can be done like
standard bang-bang control technique, fuzzy
controller designed on the basis of expert
description.Climate control of greenhouse involves
control and modification of day and night
temperature, CO:2 and relative humidity for
maximum plant growth.

4. Conclusion

Due to the physical dynamics involved in a
greenhouse, the synthesis of a climate controller
becomes a complicated task using traditional
techniques of control. The temperature was
controlled by regulating the water temperature
within an appropriate set of pipes uniformly
distributed in the greenhouse, while the humidity
was controlled indirectly by the ventilation rate
regulation (which affects both temperature and
humidity). Thus, using these systems were quite
expensive and not an efficient way of controlling.
Thus, automatic control of the greenhouse became
the mainstream technique which created the most
desirable environment for crop growth according to
the growth habits of the greenhouse crops and the
needs of the market, some even get rid of the
natural environment constraints. It is also suitable
for large scale production.
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Abstract: This paper represents a review on Stability improvement of wind farm
using Flexible AC Transmission System (FACTS) device. FACTS devices are used to
increase the transient stability on the presence of faults and the integration of
renewable sources, like wind energy. Due to continuously varying wind speed and also
due to fault the active and reactive power along with terminal voltage fluctuates
continuously. By connecting Static Synchronous Compensator (STATCOM) into the
grid, the active power, reactive power and terminal voltage are maintained constant
and also help to improve the transient stability of the system.

Keywords: Transient Stability, Wind farm, FACTS, STATCOM.

1. Introduction

Wind power industry is developing rapidly, more
and more wind farms are being connected to the
power systems to utilise the available wind energy
for reducing electricity price and generating clean
energy. Although there is a significant growth and
great development in wind energy generation
technology, the only way of generating electric
power or electricity from available wind energy is
to use wind turbines which converts the energy
available in flowing air into electricity [2]. Due to
low maintenance cost of turbines as well as high
capacity electric power generation wind turbines
has attracted the attentions of utilities.

The most common type of wind turbine is
the fixed speed turbine with squirrel cage induction
generator directly connected to the grid. These
wind turbines based induction generators require
reactive power for compensation. Sufficient power
has to be supplied to the turbine to maintain the
electromagnetic torque of the wind generator. The
electromagnetic torque in case of wind generator
decreases significantly if the sufficient amount of
power is not supplied to the turbine. The wind
generator and turbine speeds increase rapidly if the
difference between mechanical and electromagnetic
torques increases. As a result, the system becomes
unstable due to behavior of the induction generator
and that results in disconnection of induction
generator from the power system. The shutdown of
a large wind farm creates serious effects on
operation of the power system like loss of
generation, voltage and frequency variations and
power imbalance. Therefore the shutdown
operation has to be decreased [3].

2. General Background

The Static Synchronous Compensator
(STATCOM) is a controlled reactive-power source,
consists of shunt connected voltage source
converter through coupling transformer with the
transmission line. STATCOM can control voltage
magnitude and, to a small extent, the phase angle in
a very short time and therefore, has ability to
improve the performance of the system [1].Due to
the increased load demands as well as the
economic growth and rapid increase in emission of
CO, creates the global warming. These problems
created the desire for renewable energy sources like
solar energy, wind energy etc. Electricity
generation using wind turbine generator has
attracted more attentions [3].

Fixed speed turbine induction generator
with squirrel cage type is the most common type of
wind turbine generator directly connected to the
grid. Reactive power compensation is required for
these types of wind turbines based induction
generators. If sufficient reactive power is not
supplied, the system becomes unstable due to the
imbalances in the torques i.e. electromagnetic and
mechanical torques.

Short circuit of power systems network,
equipment short circuits, loss of production
capacity and tripping of transmission lines creates
fault on power system. Faults on power systems are
related to the transient stability of the system. Such
kind of faults affects the both real and reactive
power flow and also their balances. When large
voltage drops occur, there will be unbalances and
redistribution of real power and reactive power in
the power network which may force the voltage to
cross the limit of stability even though the
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induction generator have the suitable capacity.
After that, a period of low voltage may occur and
possibly be followed by a complete loss of power
system and the wind farm connected nearby will be
affected by this problem. If a fault strikes the
transmission line and causes the voltage at point of
common coupling of local wind turbines to drop,
then local wind turbines will be simply
disconnected from the grid and reconnected when
the fault is cleared and the voltage returned to
normal operating conditions. Earlier, wind power
penetration was low, wind power generation by
wind farms increases as the penetration of wind
energy increases. Due to the imbalances between
electromagnetic and mechanical torques, stability
of the system gets affected for that production of
wind generation is lost. Therefore a large capacity
of wind farm may have to be suddenly
disconnected from the systems. The system may
suffer a drop in voltage or frequency and possibly
followed by a complete blackout unless the
remaining power plants replace the loss within a
very short time. As a result, to avoid total
disconnection from the grid, there might be a new
generation of wind turbines that can ride through
the disturbances and faults. It is important to ensure
that the wind turbine can restore the normal
operation in a simple way and within suitable time
in order to keep system stability. Optimization of
wind turbine technologies may result in adequate
design so as to face the future problems. FACTS
devices such as STATCOM may be used to limit
these problems and support the system stability [1].

3. Wind Farm

The combination of wind turbines are called wind
farm, which is used for production of electricity. A
few dozen to several hundred individual wind
turbines constitutes a large wind farm and cover an
extended area of hundreds of square miles (square
kilometres. Because of strong winds flowing over
the surface of an ocean or lake the best location of
a wind farm is off-shore.

4. Transient Stability

Transient stability of the power system is the
ability of the system to maintain or remain
synchronism or returned back to its original
position after subjected to a large disturbance.
Severe or large disturbances like equipment
outages, abnormal conditions like faults and load
changes result in large excursion of generator rotor
angles. The resulting system response is influenced
by the nonlinear power-angle relationship. In case
of transient stability study the time frame is usually
considered as 3-5 s following the disturbance. The
duration may extend up to 10-20 s for a very large
system with dominant inter-area swings.

The main aspects of wind farm that affect the
transient stability are location of wind farm and
generator technology.

High wind resources located in one
particular area leading high power generation for
that modified power flows is required including
increased tie-line flows. Critical fault clearing
times can be considerably reduced and additional
lines might be required to transfer the generated
power.

Transient stability margins can be
improved when variable speed wind generators
being equipped with low voltage ride-through
capability, reactive current boosting and ideally
with fast voltage control. because the reactive
contribution is highly limited due to reactive losses
in sub-transmission and distribution systems, the
integration of wind has a negative impact on
transient stability [10].

5. Introduction of grid stability and its
requirements

The connection of large wind turbines to the grid
has large impact on grid stability. The squirrel cage
induction generator of the constant speed systems
always consumes reactive power. The consumption
depends on the voltage and generated active power.
In most of the cases this consumption is
compensated by capacitors. By adding capacitors
the impact of the wind generator is reduced.
However, controllable reactive power sources are
needed to fulfil the requirements, such as switched
capacitor banks, STATCOM and Static VAR
Compensator [10].

6. Literature survey of existing work

Bouhadouza Boubekeur et al. [1] describe how
FACTS devices are used to increase the transient
stability on the presence of faults and the
integration of wind energy source. Wind turbine
system is modeled in this paper. For modelling of
wind turbine system, two main blocks are needed
that is rotor model and generator model, and then it
is connected to the grid. After connecting it to the
grid simulation using MATLAB is done on
presence of fault. Simulation results shows that
using STATCOM shows the active and reactive
power at the load bus stabilized faster with less
oscillation compared with the results without using
STATCOM in the transient state and even after the
fault. The research work done by Omar
Noureldeen, Mahmoud Rihan and Barkat Hasanin
[2] presents about the impact of the fault which ride
through on the stability of fixed speed wind farm
which connected to the grid. Effect of the location

Sawkmie et al., AJEEE, ISSN: 2582-0257, Vol.2, Issue 1, Feb. 2018, pp. 17-21 |

Page | 18

( A\irrr“;



ADBU Journal of Electrical and Electronics Engineering (AJEEE) |

www.tinyurl.com/ajeee-adbu

of fault and its duration time are studied for
different types of fault. The application of
STATCOM to support the fixed-speed wind farm
connected to grid during different fault locations
and different fault duration times are investigated.
Another research work done by Qusay Salem and
Ibrahim Altawil [3] presents the transient stability
enhancement in different operating conditions. A
wind farm consisting of wind turbines which are
based on fixed speed induction generators
connected to grid has been proposed. A Static VAR
Compensator (SVC) and STATCOM have been
attached at the transmission system for reactive
power support. It was noticed from the simulation
results that STATCOM and SVC have strongly
supported the point of common coupling voltage
and reactive power as well as the grid voltage and
reactive power particularly when the system has
subjected to severe disturbances. In addition, it was
also noticed that STATCOM is more robust and
faster than SVC in recovering the system back to a
stable operation. M. Tarafdar Hagh, A. Roshan
Milani and A. Lafzi [4] described the effects of
using a local resistance (stabilizer) and STATCOM
in keeping and increasing stability of wind farms
by MATLAB SIMULNK software and the
STATCOM application role in induction generators
stability increase to grid. FACTS devices are used
in wind farm in order to keep the stability and also
create generated power transmission. It uses 6
turbine which is of 15 mw each and it is connected
to the grid by a 400/20 kV transformer. Squirrel
cage induction generators are employed in this
paper. In addition, the wind farm modelling and
STATCOM usage are studied to increase the upper
limits of induction generators dynamic stability in
various distortion conditions in grid. The work
done by Vaishali Chavhan and A. A. Ghute [5]
presents the fixed speed induction generator (FSIG)
based wind farm connected to interconnected
power system. This paper presents the impact of
fault on the system stability. After modelling of
wind turbine and induction generator, STATCOM
is also connected in order to make the system
stable. Another research work done by Vimal Patel
and Ravi Kumar Paliwal [6] describes the model to
maintain the stable operation of grid connected
wind farm when the fault ride through the system,
voltage stability is a main important function for
this operation. This paper investigates voltage
source static VAR compensator such as
STATCOM for the voltage stability as shunt
compensator for DFIG-based wind farm connected
to load and a grid Flexible AC Transmission
System (FACTS) devices have been used for
flexible power flow control, secure loading and
damping of power system oscillation. Some of
those are used also to improve transient and
dynamic stability of wind power generation system
(WPGS). The work done by Mohamad Amiri and

Mina Sheikholeslami [7] presents the transient
stability improvement of wind farms based on fixed
speed induction generators using STATCOM and
SVC. So the use of the SVC and STATCOM are
investigated for wind farm integration. The effect
of fault location and its duration time is studied for
different types of fault. Simulation test that is using
MATLAB-Simulink are implemented on a 9 MW
wind farm which exports power to 120 KV grid.
The research work done by V. Suresh Kumar,
Ahmed F. Zobaa, R. Dinesh Kannan and K.
Kalaiselvi [8] presents Power Quality and Stability
Improvement in Wind Park System Using
STATCOM where wind turbine is connected to an
induction generator and synchronous generator was
modelled using PSCAD to analyze power quality
and reliability problems. STATCOM unit was
developed to inject and absorb reactive power to
mitigate power quality problems and to get stable
grid operation. Voltage flicker and harmonics are
the main power quality issues and two approaches
are used to mitigate power quality problems, they
are load conditioning which ensures that equipment
is made less sensitive to power disturbances,
allowing the operation even under significant
voltage distortion and install line conditioning
system that suppresses the power disturbances. The
review work done by Sandeep Gupta, Prof. R. K.
Tripathi and Rishabh Dev Shukla [9], shows how
FACTS controllers are used in order to improve the
voltage stability. These FACTS devices are used to
adjust the magnitude of voltage in power system
with proper control. M. K. Deshmukh and C.
Balakrishna Moorthy [10] presented the different
models of generators for stable operation of
electrical power systems and then analysis the
effects and improvement of power system stability
of grid connected wind farm. Alok Kumar Mishra
et al. [11] presented an overall perspective of wind
power plants and grid integration. Various wind
turbine systems with different generators are
described, and different technical features are
compared. It summarized the electrical topologies
with grid requirement for grid stability of wind
farms summarized and gives the possible uses of
grid stability with wind farms.

7. Wind farm with STATCOM

STATCOM is the method that is used for
compensating the transient stability in the System.
It is a shunt connected device which is used to
compensate the reactive power and it is able of
generating or absorbing reactive power in which
the output can be varied to control the parameters
of an electric power system [7].
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Figure 3: Modelling Wind farm with
STATCOM]I2]

When a fault occurs in the power system,
the wind turbine mechanical power has to be
reduced in order to improve stability. For fixed-
speed rotor short circuited induction generators, it
is not possible to control the input mechanical
power, and therefore the effective approach would
be the use of reactive power compensators such as
Static Synchronous Compensator STATCOM or
Static Var Compensator (SVC) to help the voltage
recovery [2]. Compared with the SVC, the
STATCOM has many advantages, such as overall
superior  functional characteristics, better
performance, faster response, smaller size, cost
reduction, and capable of providing both active and
reactive power [8].

8. Conclusion

Wind power which is one of the important
renewable sources is considered in order to analyze
the effect of this generation on voltage operation
and at the voltage stability limits. It can also be
concluded that STATCOM can withstand the
successive disturbances of the system more
efficiently than SVC. In this system many
problems occur and this problem compensated by
using STATCOM. It full fill the reactive power
requirement of the system at the time of fault occur
in the system. Because when fault occur on system
then voltage low and system get unstable so in that
case STATCOM help the system. The impacts of
the Static Synchronous Compensator STATCOM
on the stability of the system during different fault
locations and different fault duration times are
studied.
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Abstract: Power converters are a fundamental element in the industries, micro-grids
and households appliances providing all the necessary power regulation increasing
flexibility of the voltage, current, power and phase. In this review a number of boost
converters are studied, responsible for converting a low direct current voltage to a
higher magnitude using a number of different methods including coupled inductors,
series combination of a capacitor and two parallel inductors and an inductor
discharging to two series connected capacitors in transfer of power. The converters
encounter two major practical issues sudden rise in di/dt and dv/dt that drastically
reduces the efficiency and increases power loss in passive elements and stress in active

switches.

Keywords: Boost Converter, DC power transfer, Zeta Converters, Dual active bridge
(DAB), Miller capacitor, V2G operation.

1. Introduction

Boost converter is a fundamental component of a
system dealing in changing the direct current
power. It is responsible for boosting the input
source voltage to a higher level following the law
of conservation of power within the system and
hence reducing the output current. In this study, a
number of boost converter topologies are being
considered from different literatures where authors
introduced a number of methods including the
technique of coupled inductors where two
inductors are charged and transfer the power to the
capacitor connected parallel across the load [2].
The method of transferring the charge to two
parallel capacitors from energized inductor is a
method exactly opposite to the previous method. A
new topology of bidirectional control of power
flow can be implemented in microgrids, renewable
energy systems, automotive and other applications
using the technique of switched capacitor has been
proved to be an efficient method of buck/ boost in a
single converter [1]. These converters provide
power from source to the battery or battery back to
the bus in opposite direction under the operation of
buck-boosting the input voltage to a desired output
under the necessary bi-directional power transfer
conditions [5]. A number of di/dt and dv/dt
techniques are implemented on converters to have
an independent electronic control on the output
terminal to a wide range for reducing the use of
passive components. It is made in compact
configuration of the power modulators and
integrated gate drives [4].

2. Bi-directional Power Flow

In applications of renewable energy systems,
railway transportation, automotive transportation
and aerospace applications, elevators and
escalators, uninterrupted power supplies, batteries,
super capacitors and smart grid applications, where
the use of bidirectional power flow plays an
important role providing power to the bus or
controlling the power balance in the system [1,5].
These converters can be efficiently designed for
providing the stored power from the battery back to
the grid is called as V2G operation [1]. A
conventional converters having a drawback of
leakage inductance and can be resolved by complex
circuitry.
POWER FLOW: BOTH DIRECTIONS

— —
BIDIRECTIONAL
SOURCE A CONVERTER. SOUECEB
| I

I
Figure 1: Power Flow in Bidirectional Converter

A general buck-boost converter can be
improved into a three- level topology or a
multilevel for the wider range of voltage generation
and direct current voltage transfer gain. The major
disadvantage in these multi-level converters is
voltage capacitor balance. Zeta converters can be
modified for the use in bidirectional voltage
transfer techniques [1].
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Dual active bridge (DAB) is a kind of
isolated bidirectional dc-dc converter for high
power applications. Energy transfer of the
converter is controlled by adjusting the phase shift
of the two ac voltages produced across the isolated
transformer.

3. Power Flow Control by Switching
and Semi-conductor Switches

In a distribution system, electrical transformers are
existing component required for power flow
control in the power system. On the other hand, use
of the reactive components i.e. inductors and
capacitors make the system more expensive and
bulky. It may be considered that the use of series
resistance is a way of absorbing power and
negatively responsible for significant power loss
(fig. 2 and 3). Therefore, the loads may be
responsible for absorbing significant electrical
power due to its inertia [9].

CURRENT POWER ELECTRICAL
SOURCE SWITCHES LOADS

Figure 2: Parallel Configuration of Current Source,
Power Switch and Electrical loads

In electrical loads, synchronous machines
compensate the reactive power generated in the
system. A grid is found to be efficient in adding
minimum a synchronous machine to the system for
absorbing or supplying reactive power.

POWER
SWITCHES

VOLTAGE ELECTRICAL
SOURCE LOADS

Figure 3: Series Configuration of Voltage Source,
Power Switch and Electrical loads

4. Concept of Parallel Capacitor and a
Inductor

A method of boosting an input voltage is done,
implementing two series capacitors and an
inductor. It is successfully designed and capable of
increasing the efficiency to a high value of 95.03%.
Parallel capacitors are charged during the time
when the switch is turned off and energy stored in
the capacitor is discharged to an inductor during
turn on of the switch [2]. It enhances the voltage

build across the inductor and boosts the input
voltage.

L1 N .
)

VOLTAGE ELECTRICAL
SOURCE LOADS

Figure 4: One Inductor Parallel Capacitor
Configuration

Octavian Cornea et al. designed a boost
converter for converting a voltage of 24V to a
higher value of 400V for a power rating of 200W
[2]. These circuits produce a very high-current
transient which can be resolved by adding an
inductor at the output of the parallel capacitor and
resistive load circuit. An advantage of this method
is reducing transient and efficient regulation of the
converter together called as soft charging of
switched coupled inductor.

5. Concept of Parallel Inductors and a
Capacitor

A number of mutually coupled inductors are
winded in a ferrite core of equal mutual inductance
and resistance. A low dc voltage is switched in a
periodic manner creating a fluctuating voltage
across the primary inductor (fig. 5). Therefore, an
induced voltage in the other inductors is induced
and controlled by switching with semi-conductor
switches. Energy stored in the inductors is
transferred to a capacitor connected across the load
in turn-off time of the switches connected in
secondary inductors.

——*—
—_—a a a J{
VOLTAGE | | 4 L2 13 C1 | ELECTRICAL
SOURCE T LOADS
— = ) ) L)

Figure 5: Parallel Inductorsand a Capacitor
Configuration

A certain amount of harmonics produced
in the converter can be minimized by implementing
a harmonics filter. Conditions of di/dt and dv/dt,
present in the output and switching characteristics
can be reduced with a proper resistance-capacitance
and active snubbers in the circuit [3, 5]. In absence
of snubber circuit, high voltage spikes are
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producedacross input source and reflected in output
voltage of the converter.

In designing of three single cored mutual
inductors  having partial resemblance with
construction of a three winding transformer
produces a finite magnitude of flux leakage in the
core. Therefore, two methods are mentioned in
testing the leakage and admittance;simulate the
circuit considering finite element method (FEM)
and laboratory measurements. Terminal Duality
Model (TDM) analysis of the mutually coupled
inductor in a single core illustrates the one-to-one
relationship and terminal leakage measurement [7].
The duality model of mutually coupled inductors
defines the magnetic flux distribution and leakage
inductance in the inductors. Leakage flux path can
geometrically be proved using the dual model of
electric and magnetic circuit of the converter.
Modeling of the inductor can be stated based on the
steady state analysis and electromagnetic transient

[8].

6. Single Switch Continuous

Conduction Mode

In boost converters, a voltage spike suddenly
appears as the switch is being reversed biased. A
reverse biased recovery time of the continuous
conduction mode creates a problem of dissipation
and interference. Several voltage spikes are
produced and to overcome these spikes, a number
of active and passive circuits are being designed. In
the literature, single switched continuous
conduction mode converter is designed to reduce
the reversed recovery time and switching losses.
The proposed converter consists of a coupled
inductor rectifier at the input and output node,
connecting a rectifier between ground and common
node of the coupled inductor rectifier branch.
Leakage inductance of the coupled inductors is
used to control the di/dt produced in the switches.
It helps in both turning off the rectifier and
clamping the output voltage. This does not require
any extra snubber circuit from parasitic ringing.
Boost switches can operate in low voltage turn-on
conduction and the inductors provide parasitic
capacitance to discharge before the switch is turned
on [2].

7. dv/dt and di/dt control

A severe phenomenon of sudden rise of current and
voltage within a very short period of time is
practically observed in switching elements in
converters. The technique of active gate control is
used for flexible and independent control in the
output current and voltage rise of insulated gate
bipolar transistor (IGBT) and metal oxide semi-
conductor field effect transistor (MOSFET),
replacing the conventional resistance-capacitance

(RC) snubber circuits. Miller effect is used to sense
the collector terminal voltage and feedback to the
gate terminal and reduces the dv/dt phenomenon. A
number of advantages of the effect; control circuit
begins as soon as drain voltage changes and
collector voltage transient starts to rise without
additional detection or timing circuit [4].

Controlling of the switch can be done
during di/dt by changing the current gain or
external impedance in the Miller capacitance. The
circuit operates as there is turn on or turn off
transient without any additional detection and
timing circuits [4].

8. Boost Converter: Thermoelectric

Energy Harvesting

Thermoelectric energy harvesting is a revolutionary
technology implemented in biomedical
engineering. A basic component is a low voltage
and low power boost converter responsible
forsupplying power to the device placed in the
body. Medical and animal tracking sensors and
devices are being powered with a maximum
boosted voltage and power of 1V and 10uW and an
input of 20mV to 250mV from the body. A major
challenge is change in body temperature, as one
side is placed in cold ambient air and other side in
warm condition. Body temperature is affected by a
number of  parameter including ambient
temperature, air flow and thermal insulation due to
variety of clothing [6].

Discontinuous  conduction mode s
considered to be more effective as inductor is
prevented from flowing negative and anaverage
current is less the half of ripples current. In
continuous conduction mode, the capacitor
discharges and increases switching loss. The new
modified method of synchronous rectifier described
in number of literatures states that a reactive gate
control uses a comparator to detect the p-type field
effect transistor (pFET) becomes reversed biased
and triggers a pulse to disable the switch. The two
major disadvantages of the circuit; it requires a
very fast comparator evaluation and gate driver for
pFET. In order to overcome, a static
(Complementary Metal Oxide Semi-conductor)
CMOS flip-flop is implemented for the operation.
The new topology improves overall efficiency of
the converter by 15% than a general converter
under conventional synchronous rectifier converter

[6].

9. Conclusion

DC power transfer is a remarkable operation in
every constant voltage system. Harmonics are
being produced in the output of converters and can
be reduced by filters including resistance-inductor,
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inductor-capacitor and resistance-capacitance. The
production of harmonics deviate the constant
current or voltage output to a sinusoidal waveform
results in undesired output of the circuit.

Switches are rapidly turned on or off and
used to convert a dc voltage to fluctuating dc in
application to mutual inductors results in voltage
spike. Sudden spikes of triangular peak increase the
voltage and current stress in the switches reducing
the life time of elements in circuit.

In dc grid system, power is transferred in
both directions using bi-directional DC-DC
converter using switched capacitor technique. A
number of renewable sources are cascaded
including hydro, photovoltaic and wind. Boost
converters using technique of energy transfer from
series capacitors to an inductor can be used in the
distributed system. It is also reliable to use the
circuits to reduce the reverse recovery time and
enhance performance of the converter and its
system. A number of applications of the boost
converter are motor drives and robotics in
industries; automobile headlight and light emitting
diode in lightning; data center and uninterruptable
power supply in telecom; plasma research and
particle accelerator in physics and pulsated laser
and radars in military.
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Abstract: High Voltage Direct Current transmission system can turn out to be the
ideal power transmission system for bulk power and transferring clean power from
remotely locatedhydroelectric dams to distant load centers. Therefore, the solution to
the sudden increased demand for electricity can be found by evacuating remotely
located bulk renewable energy and transmitting the clean power to load centers located

at a significant distance away via HVDC link.

Keywords: Bulk power transmission, Green power, HVDC, Renewable energy.

1. Introduction

With the increasing population, big cities need
large amounts of electricity to function. The
required power is transferred from remotely located
generating stations. However, due to deteriorating
environmental conditions and increased stress on
clean power, the question is how to transfer power
from renewable energy generation sites like hydro
plants and wind grid parks to distant load centers.
HVDC (high-voltage direct current) power
transmission can be the solution. The major
challenge of renewable energy generation is the
intermittent nature of the renewable energy source.
If harnessed properly, the HVDC transmission link
can prove to be beneficial for bulk renewable
power transmission.

2. HVDC Basics

HVDC power transmission started in the second
half of the last century and provided a new way of
power transmission. The initial power transmission
level was very low; however with the change of
technology, the power transmission level has
increased significantly. Transmission of thousands
of MW is being done currently via HVDC link in
monopolar and bipolar mode of operation. India
has also joined the HYDC membership by starting
the world’s first multi-terminal HVDC link from
Biswanath Chariali (Assam) to Agra with
Alipurduar in between. Majority of the power
transmitted via the HVDC link is remotely located
hydro power which is green power. HVDC links
pave the way for harnessing of untapped clean and
green hydro potential.

HVDC interconnections  require a
conversion from AC to DC and vice versa at each
connection point with the AC system. This
collection of equipment at each AC connection
point is referred to as a converter station. The
converter station requires a higher capital outlay

than would be required for an AC substation;
however, HVDC transmission towers are simpler
and smaller than AC towers. For a monopolar
HVDC link (equivalent to a single AC circuit),
only one high voltage conductor is required, as
opposed to three in the equivalent conventional 3-
phase AC system. In some locations, electrodes can
even be inserted into the earth to provide the low
voltage return path. With DC transmission the DC
voltage remains fixed, thus the insulation levels
and the equivalent outside conductor radius
required for the transmission conductor are
proportional to the continuous voltage applied to
the conductor.

Though ac power transmission mode is
widely used, HVDC power transmission has the
following advantages:

1) Bulk power transmission with reduced losses.

2) Increasing the power transmission capacity and
short circuit capacity of a grid.

3) Allowing power transmission between two
asynchronously connected grids.

4) Reducing the Right of Way for transmission
towers.

5) Connecting a remote hydro generating plant to
the load centers.

6) Reduced Corona losses.

7) Reduced conductor cost for same amount of
power transmission via ac network.

8) Fast and accurate control.

2.1 Modes of HVDC Operation

The various modes of operation in HVDC are as
follows [1] :

a) Monopolar operation with ground return :

In this mode of operation, only one pole is in
operation and the return path for the circuit is via
ground. At times, there are limitations in operating
the monopole in ground return mode. The
limitations may arise due to environmental impact.
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Figure 1: Monopolar HYDC with ground return
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b) Monopolar operation with metallic return :

In this mode of operation, only one pole is in
operation and the return path is via the conductor of
the other pole or via dedicated metallic return path.
Upcoming HVDC projects shall have only
Dedicated Metallic Return path and the ground
return mode shall not be utilized. Provision of
electrode station for ground return shall be replaced
by dedicated metallic return path.
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Figure 2: Monopolar HYDC with metallic return

c) Bipolar operation :

In this mode of operation, both the poles of a
station are in operation. The circuit is completed
via the conductor of both the poles. In case of any
unbalance, the unbalance current is grounded in the
electrode station.
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Figure 3: Bipolar HVDC system
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Figure 4: Typical layout of a HVDC link

3. CSC and VSC based HvVDC
3.1 CSC (Current Source Converter) mode

CSC uses thyristor valves as switching devices.
The thyristors can be turned off only when the
current flowing through it falls to zero. The
thyristors help in building stable high dc voltage.
CSC-HVDC is suitable for high voltage bulk power
and long distance transmission projects. CSC based
stations can be used for reverse power flow by
changing the polarity of the thyristor valves. The
current direct direction shall remain unchanged[2].

3.2 VSC (Voltage Source Converter) mode

Insulated Gate Bipolar Transistor (IGBT) is used in
VSC-HVDC projects. A new VSC topology,
Modular Multilevel Converter (MMC) is bearing
used for effective dc voltage build up in VSC based
HVDC stations. Being a forced-commutated
voltage source converter, it does not need the ac
voltage support from grid side for commutation.
The major advantage of VSC based HVDC stations
is that these stations can be utilized as first station
to charge during black start in case of grid failure.

4. HVDC and Green Power Corridor

The utility of HVDC can be seen in the case of
integrating with renewable energy sources which
are intermittent in nature. Due to the non-sinusoidal
input to the grid by the renewable energy sources at
times, the renewable energy can bring in harmonics
to the grid. However, if it is integrated to the
HVDC link, the AC filters will eliminate the
harmonics and allow only sinusoidal voltage to
enter the HVDC system. Thus, HVDC will prevent
harmonics from entering the grid.

Wind generation —particularly in the coastal
areas and in the seas where the wind is strong can
be an ideal energy source[3].The renewable energy
sources can be intermittent in nature and because of
this unwanted oscillation in the availability of
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power, it might be a very good idea to combine
renewable energy sources directly with HVDC
stations. The controllers and power oscillation
dampers will eliminate any harmonics in the
incoming ac power from renewable energy sources
before it enters the HVDC valves. Thus, the ac grid
is prevented from unwanted oscillations and
harmonics by the HVDC station. The incoming ac
power can be cleaned of any harmonics and sent to
distant load centers by converting it to dc. ABB has
recently constructed a 400-MW transmission link
using HVDC Light technology for a wind park 130
kilometers off the German coast. HVDC Light is
also attractive for its simple-to-handle cable design
and modularized, factory-assembled voltage
converter, which means the network links essential
to receiving power from offshore wind parks can
be quickly installed and commissioned. HVDC
VSC is the technology preferred for connecting
renewable energy sources, such as offshore wind
farms, to the power system [4].

India’s first green energy corridor project
links Pugalur in Karur district in western Tamil
Nadu with Raigarh in Chhattisgarh which will
enable the southern State to transmit excess wind
energy generated to central India. This link shall
play the role of a key element of integrating
renewable energy with the main grid. It will link
thermal and wind energy from Tamil Nadu for
transmission of power to load centers located far
away, The Raigarh Pugalur project is owned by
Power Grid Corporation of India (POWERGRID)
and is being executed by ABB along with BHEL.
This HVDC transmission line will support
investments in wind energy in the state. The
maximum power transmission capacity will be of
6,000 MW, and it will integrate thermal and wind
energy transmission to high consumption centers.
When wind energy generation in Tamil Nadu is in
excess it will be transmitted to central India, and
when electricity demand is high in Tamil Nadu,
thermal energy can be transmitted from central
India to the south [5].

In normal ac transmission systems, the losses
during transmission are two to three times higher
when compared to HVDC. This means that HYDC
system will keep around 700,000 tons of CO, per
year out of the atmosphere. In October 2011,
HVDC facilities were certified as green technology
by the United Nations Framework Convention on
Climate Change (UNFCCC) [6].

5. Sources of clean power in India

There are many renewable energy sources that are
presently being harnessed by the power generation
companies with an eye to meet the clean power
requirements [7]. However, the few renewable

energy resources that are being directly connected
to HVDC transmission lines for transmitting the
clean power to distant load centers are as follows:

I. Hydro Power: India is a significant producer of
hydroelectric power in the world. Many rivers and
tributaries are found in the North Eastern part of
the India. The North East India is high in hydro
potential. This aspect has been aptly identified and
the hydro power will be sent via HVDC link to
power deficit regions in the Northern part of India.
India's hydroelectric power potential is increasing
significantly and it is estimated at 84,000 MW at
60% load factor [8].

Il. Wind Power: The progress of wind power in
India began in the 1990s, and has escalated in the
last few years. As of 2017 the installed capacity of
wind power in India was 29151.29 MW. Though
wind is easily available but the particular wind
speed required to drive a turbine and convert it into
electrical energy is not found easily. Adequate
wind speed which can be harnessed successfully is
found in coastal areas and sea shore areas. Wind
power accounts for 14% of India's total installed
power capacity.

I11. Solar Power: Solar power can be harnessed
anywhere where the level of solar insolation is
adequate. In India, most of the states receive
sufficient solar insolation level and thus solar
power can be utilised easily. In rural areas, one of
the first applications of solar power has been for
water pumping, to begin replacing diesel powered
water pumps. Desert areas can be used to harness
the solar power significantly. Some large projects
have been proposed in the Thar Desert, which has
been set aside for solar power projects, sufficient to
generate bulk power.

6. Conclusion

The availability of electric power at all times is the
paramount requirement from an electrical utility.
However, with the growing adverse impact on the
environment and climate, the power evacuation
technique needs to keep an eye for reduced impact
on the climate. The aspect of sustainability is
gradually gaining in importance in view of such
challenges as the global climate protection and
economical use of power resources. With the
advent of newer technology for harnessing
renewable energy resources, the electrical
transmission utilities in all parts of the world
should be ready to transmit the clean and green
power available to distant load centers. HVDC
transmission lines shall pave the way for
transmitting bulk power from remotely located
renewable energy sources to the required load
centers located far away from the point of
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generation. In the growing competitive market, all
electrical utilities should pay significant attention
for harnessing the untapped potential of renewable
energy and deliver green power to the load centers.
Proper measures should be taken by all the utilities
S0 as to prevent undue stress to the global climate
by reducing the dependency on fossil fuels,
reducing the expulsion of CO, gas and also
reducing the damage on the global climate. HYDC
transmission lines along with FACTS technology
can reduce a lot of stress on global environment by
providing a proper channel for long distance green
power transmission to the required load centers. A
sustainable green power transmission will be
required in the near future to cater to the increasing
demand for green power which can be aptly
provided by HVDC power transmission
technology.
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Abstract: With the growing population of India, the demand for energy consumption
is increasing. For an overall development of a region, especially remote areas,
electricity is of prime importance. Production of electricity in large scale can further
lead to various effects like environmental pollution, climate change and it is also costly.
Thus the need of a socio-economic energy conversion to electricity is of prime
importance for a sustainable development. India have a huge potential in the Hydro to
generate 2,50,000 MW. An Archimedes Screw Turbine that was earlier used as pump
can give a very good solution in harnessing water potential. It rotates as water flows
through it, rotating the generator’s prime mover connected to it. Archimedes Screw
turbines operate at low head of 0.8m to 10 m and relatively lower flow rate than the
other turbines and more cost effective and are highly efficient. The AST is quite a new
form of electricity generation practice which has been implemented in different
countries along with India. Thus the electrification scenario in rural areas can be
improved specially where there is a continuous flow of a river or canal by the
installation of the low cost socio economic AST.

Keywords: Archimedes Screw Turbine (AST), Archimedes Screw Generator (ASG),

Sustainable Development, Small Hydro Power, Rural Electrification.

1. Introduction

Renewable energy is a beautiful gift from the
nature. The proper harnessing of these renewable
resources into a useful form of energy is of prime
importance. But during this continuous conversion
of energy, various natural hazards may occur. Thus
a proper form of energy conversion should take
place to meet the energy demands in an optimal
way. Electricity the foremost important form of
energy can be harnessed through hydro power
where moving water is used to rotate the prime
mover of the generator where electricity is
produced through electromagnetic induction. India
is blessed with massive amounts of hydro-electric
potential and ranks 6" in terms of utilizable hydro
potential with 2,50,000 MW.Currently India has a
total potential of 15,000 MW in Small Hydro
Plants out of which only 2000 MW is installed
[20]. A major portion of the rural India is still
under darkness with no electricity. For electrifying
the rural and remote parts in India, various schemes
formed by Govt. Of India, RGVVY (Rajiv Gandhi
Vidyutikar Vikash Yojana), DDUGJY (Deendayal
Upadhyaya Gram Jyoti Yojana (Launched in Dec,
2014) being some of them, led to the increase of
the number of rural household electrified from 44%
to 67%. For Ministry of New and Renewable
Energy, Govt. of India, Small hydro power
programme is one of the thrust area of generating
power from renewable resource [1].

Basically, the power that is generated

from a hydro power plant is given by,
P=mpgHQKW) ..., €))

where 1 is the hydraulic efficiency of the turbine,
P is the mechanical power of the shaft, g is the
acceleration due to gravity, p is the density of
water, H is the effective , Q is the mass flow rate.
[2]. Hence, more the head or the more the flow
rate, higher is the power generated. To get very
high power energy, the head should be increased
upto a substantial height by making a dam .but
such a task is difficult to achieve takes longer time
and a lot of money is to be invested. Thus, the
Hydro Power plants should be reservoir-less or of
very low head. This could be achieved by the
proper selection of the turbine depending on the
site located. The Archimedes Screw Turbine(AST)
can be used in such low head sites.

TS kW 300 kW
150KW e 500 kW

H[m]

Q[m's')
Figure 1: Power (kW) developed at different head
and flow rate.

www.tinyurl.com/ajeee-adbu |

ISSN: 2582-0257

Page | 30

( A!\\il-l-l"J

100



ADBU Journal of Electrical and Electronics Engineering (AJEEE) |

www.tinyurl.com/ajeee-adbu

2. Rural India Electrification

The electricity situation in India, specially in the
rural and remote areas is under groom with around
3,17,56,227 households unelectrified as on 10-Oct-
2017 [7]. Electricity is either present or there are lot
of interruptions in the power supply. Therefore, a
proper way of conversion of energy into electrical
energy that can be easily produced and distributed
for that specific site, has to be chosen. For a
developing country, these energy demands need to
be satisfied. Electricity is one of the prime factors
that can measure the development level of a
country in terms of energy resource. It helps to
increase productivity in agriculture and labour,
gives access to communications (TV, RADIO),
improved health conditions, improved lightning
condition.For a rural and a remote a small hydro
power plant is basically preferable as the
installation cost and duration process is less. Small
Hydro Power Plants can produce a net power of
around 1-100 MW.

3. Archimedes Screw Turbine (AST)

Archimedes Screw generators have been started to
be used widely specially at low head sites in
Europe. In earlier days, the Archimedes Screws
were used as a pump to lift water from a certain
level to a higher level, specially in sewage
treatment plants. These turbines are generally
suitable in low head sites due to their high
efficiency, low natural (environmental) impact, less
cost and require less maintenance. These turbines
can work under the head difference of as low as 1m
upto 10m. An Archimedes screw consists of the
cylindrical shaft along with some impinged helical
surfaces called flights to form a screw like
structure. The water enters the screw from the top
and flows along the consecutive flights to rotate the
shaft which in turn rotates the rotor of the
generator. The maximum flow rate through the
AST can be determined from the screw diameter. It
can be installed in places with river or stream
flowing in inclined way, an existing dam or weir, a
dysfunctional hydropower plant, sites with variable
flow.

3.1 Construction of AST

The main parts of a AST are the lower bearing, top
bearing, gearbox, pump trough, floodgate, coarse
screen and the Archimedes screw Turbine itself.
The actual screw is below the upper bearing and
the helical flights are formed from rolled flat steel
plate, which is then welded to the central core.
Majority of the screw turbines have three flights or
helices welded around the cylindrical shaft [3].

7

'‘Bucket’

C ; | }'m\ \ o
7 )~
“ " "-’1_ i /| r )/

Partially Full "
! ; / >/
. S 5
Figure 2: Example of ASG with 3 flights and
geometric variables- Screw Turbine
parameters [4]

Micro Hydro Screw Generator.

Gearbox and Generator

Concrete Base

Figure 3: Basic model of Archimedes Screw
Turbine [16]

Archimedes Screw is generally aligned 22
degrees from the horizontal, which is the most cost
effective installation as per the experimental
studies [10]. The mechanical power available at
the turbine shaft is given by

P=0T . i, 2)
Where o is the speed of turbine m/s and T is the
torque in Nm.

3.2 Efficiency

Efficiency of a turbine is its ability to transform the
power and energy from the hydro power.

20 30 40 50 60 70 80
Quantity of water as a percentage

—— Francis turbine
—— Francis turbine
ng=75

turbine types [15]
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The efficiency is determined by the
generator’s efficiency and the various hydraulic
losses. These losses include frictional loss due to
fluid viscosity, leakage. So, these losses have to be
minimum in order to obtain a higher efficiency.

Mathematically,

n= Pmec / Phyd ........................... (3)

Prec= T ® e, @)
Where, T is the torque provided by screw in Nm
and o = rotational speed of screw in rad/s.

Prya=p 9 QH (INKW) ................ (5)

Here Py is hydro power, p is the density of water
(kg/m?), Q the flow rate in m%/s, g = 9.81 m/s = the
gravitational constant, H the head in meters [12].

C. Zafirah Rosly et al. in 2016 [13]
conducted a study that identified various potential
parameters of the turbine that can increase the
power efficiency. They found that the combination
of 3 blades with 3 helix enhances the overall
efficiency. However a high efficiency of 81% was
obtained when the turbine was designed with 2
blades and 3 helix turns. Through this study, it was
found that the efficiency in AST is a function of the
number of helix turns. Also in another research
study by A. Nurul Suraya, N. M. M. Ammar and J.
Ummu Kulthum in 2015 [14], it was found that
lower inclination angle resulted in a higher
efficiency.

4. Advantages of AST

(a) Environment Friendly: ASTs are one of the
most environment friendly turbines. Being
reservoir or damless there is no chance of flash
floods near the site. Thus, the installation of an
AST will not affect the surrounding. As a
result, nearby people need not have to displace
from the native part. Also as there is no chance
of flash floods the natural vegetation nearby is
not affected, so there will be no decomposition
of this natural vegetation that might lead to the
formation of the greenhouse gas methane
which is primarily responsible for the climate
changes hence reducing the CO, level.

(b) Fish friendliness of Archimedes Screw
Generator (ASG): The safe passage of
different aquatic animals specially fishes and
debris makes the ASG even more versatile. An
experimental test was conducted in the ASG
present at the Dart River in Devon,UK and
concluded that fish passes safely throughout
the operation. Furthermore, it was found that
the fishes less than 1 kg can safely pass

through the blades if the blade tip velocity is
upto 4.5 m/s without any protection on the
leading edge of blade. A study by M. Lyons
and W. D. Lubitz [4] showed that 98% of the
fishes were able to pass through the turbine.

(c) Easy Set-up: It can be easily set up in small
canals, ponds and rivers, etc. as the head
requirement is not much (1m-10m). It also
requires less maintenance and operational cost
and it is easy to install as not much parts are
there, thus reducing the civil work.

(d) Longer durability: The durability of an AST
is more.A good quality AST has a design life
of 30 years and further this can be extended
with a major overhaul that includes re-tipping
the screw flights. The wear and tear of the
turbine is also less.

(e) Due to the low rotational speed of the turbine

and more passage area, the debris can easily
pass through the turbine and thus not affects
the fertility of the soil towards the discharge
basin.

(f) The maximum turbine efficiency of an ASG is
upto 92% with a flow rate of 0.2-0.8 m*/s with
head from 0.8 m to 10 m.

The speed of the shaft is regulated with
the help of the gearbox according to the current
flow rate.

1000

HEAD {m)

%
e . \ Kaplan

Crossflow \

2
Archimedes \

a2 oS 1 z 10 50 100
FLOW {m*3/s)

Figure 5: Classification of hydropower turbines for
head V/s flow rate [14]

5. How can AST’s solve rural
electrification problem?

The unique, simple, environment friendly AST’s
being very cost effective and its specialty in low
heads can be set up to electrify some of the rural
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and remote parts in the presence of a stream of
river or continuous flowing water. If the
requirement of power is high, then as per the
requirement a different AST can be planned in a
nearby place to meet the demands. ASTs if build as
windmills in river, has the ability to generate upto
few Megawatt’s to electrify several households. As
big dams are a major problem in various parts,
ASTs can be planned in such regions to meet the
energy demands.

6. Potential of AST in North East India

North East India, the Gateway to the South East
Asia is gifted with vast bio-diversified energy
resources and is considered as the future power
house of India. Among the natural resources
present, hydro energy has a huge potential in this
region. According to the Ministry of New and
Renewable Energy, these four states (Assam,
Arunachal Pradesh and Meghalaya and Sikkim)
together have utilized only 165 MW of capacity till
date, though they are capable of generating 1,900
MW, a figure that is nowhere close to the real
potential of these states. The Central Electricity
Authority (CEA) has identified 63,238 MW in the
Brahmaputra river basin. Also, the North Eastern
region occupies around 34% of the country’s total
water wealth [11]. Archimedes Screws, since do
not require much higher heads, can be properly
planned in this region to electrify the darker
regions.

Table 1: Hydro power scenario in North-East India
ason 31.3.2017 [19]

State Potential | Installed Capacity

(MW) Capacity Under
(MW) Construction
(MW)

Arunachal 50328 405 2854

Pradesh

Assam 680 375 0

Manipur 1784 105 0

Meghalaya | 2394 282 40

Mizoram 2196 0 60

Nagaland 1574 75 0

Sikkim 4286 1965 1326

Tripura 15 0 0

Total 58971 3207 4380

Note:- In addition, a total of 4785.60 MW of PSS
are in operation and 1080 MW of PSS are under
construction in all over India

7. Costs and economics

Investment and revenue streams are necessary for
any financial analysis. The three main points that
should be taken into account when doing the

cost/benefit evaluation for the Archimedean Screw
are -(a) the installation costs, (b) the annual
operational costs and (c) the annual income from
the electricity produced [3,4,17].

According to results of study conducted
by Sachin Mishra, S. K. Singal and D. K. Khatod in
2012 [17], the total investment required for the
Archimedean Screw can be divided into two main
cost components — (i) The Electro-mechanical
costs, and (ii) Civil Engineering Grid Connection
and Installation/Commissioning Costs. The electro-
mechanical costs consist of the main machine
components of the scheme. Apart from the screw
itself it should also include the trough, generator,
gearbox, screen and inlet sluice gate. As for the
civil engineering costs these should cover project
management and site supervision through to
materials (for screw supporting structure) and plant
(shuttering, swing shovel etc.). The electricity
generated will be sold to an energy company under
a power purchase agreement.

The parameters on which the civil and
electromechanical costs depend are the installed
capacity, water head and year of commissioning
[17].

C(a,b,c) =ax Pb XHE (6)

Above eqn. is the basic cost equation for a small
hydro project, where a, b and c are coefficients, C=
Cost in rupees (Rs.), P = Installed capacity in kilo
Watt (kwW), and H = Head in meter (m). With
rigorous experimental observations [17], the
coefficients have been found giving the final cost
equation as:

C=6.882x P89 y-00782 ()

where, C = Cost per kW in Indian Rupees, P =
Capacity in kW, H = Head in m. A maximum
deviation of +10% has been observed and the cost
prediction can be done in the initial stage. A lower
head requirement for ASG thus lowers the cost of
building a hydro power plant.

The AST with compared to the other types
of turbine can be very cost effective. Use of AST
requires less maintenance work and also less
installation period (2-3 months), thus decreasing
the overall cost. Since AST’s work at low heads,
not much has to be spent in building high
reservoirs. Also, the setup of an AST does not
require many parts [3].

8. Conclusion

ASGs are a proven hydropower technology
appropriate for low head sites. Specifically, ASGs
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provide a unique opportunity for the private sector,
small dam operators, and individual landowners to
utilize existing hydropower renewable energy,
adding a new source of renewable power into the
region’s energy mix. ASGs can be developed
without many of the environmental impacts that
accompany large-scale hydropower developments
since many of the needed dams already exist.
Furthermore, retrofitting already existing dams
with ASG units would help improve dam safety,
helping to safeguard property, individuals, and the
environment from negative impacts of dam failure.
ASTs are now widely used turbines especially in
Europe and have been started to install in the U.S.A
also. The rural India’s electrical scenario can be
thus improved by the installation of these turbines
by locating the specific sites. Remote sensing and
GIS can be used to determine the various
parameters of a region like terrain surface, slope
etc. [8]. AST is an eco-friendly, marine animals
friendly, and the most important of all is that it is
human friendly. It is ‘Human Friendly’ in a sense
that since there is no need of construction of dam,
therefore there will be no floods which will
ultimately save people’s life. Moreover, it is cost
effective as it requires less labour, low maintenance
and construction costs. It is more reliable compared
to other turbines like Kaplan turbine, Pelton
turbine, Francis turbine, etc. and also it requires
less civil work. The uniqueness of AST is that at
same discharge head condition, power output and
speed vary as well as head efficiency. AST in
relation with rural area development is that it can
fulfil the need of electricity requirement and it can
light up the darkest corners of India. Rural areas
can easily have access to power with the help of a
only a small stream and this generated electricity
can be used for domestic purpose and they can also
do small business using machineries that requires
less power consumption. For larger demands the
AST’s can be setup as windmills in river.Thus
AST’s have the full potential to electrify and
develop India sustainably.
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Abstract: With the increase in fossil fuel prices and the increase in demand for
renewable energy sources, wind turbines play an important role in becoming the
alternative technology in the generation of electricity. Since wind is clean and
unbounded, wind energy is one of the best renewable sources of energy for generation
of electricity. This paper presents the ideas of designing a small-sized wind turbine or
micro wind turbine for low wind speed areas which can be used in many applications
like homes, villages, and so on to produce electricity. A small-sized wind turbine or
micro wind turbine is a type of turbine that converts the kinetic energy of wind into
electrical energy and it is used to generate power for small power needs. Additionally,
this type of micro wind turbine can be used in rural areas, requiring a very low cost for

installation.

Keywords: Renewable Energy, Micro Wind Turbine, HAWT, VAWT.

1. Introduction

In recent years, the importance of renewable
sources of energy in power generation has been
growing day by day around the world. Also, due to
the lack of fossil fuel resources, utilization of
renewable sources of energy has become even
more important. Large wind farms, either in the
countryside, offshore, mountains or at the seaside
have already been invested by many countries
around the world. Since wind speed and direction
are well known and there are only a few factors that
will influence them, the energy gathered from these
wind farms can easily be predicted and calculated.
However, in a city environment, wind speed and
wind direction cannot be predicted because they are
easily led in different ways or influenced by all
kind of obstacles such as skyscrapers, apartment
blocks, etc. As a result, large size wind turbines
cannot work effectively and efficiently. So, to
overcome these problems, micro wind turbines are
used [1,2].

Apart from all the renewable energy
resources, cleaner energy systems such as micro
wind turbines played a key role in the renewable
electricity generation. A micro wind turbine is used
to produce or generate power of low DC voltage. In
wind turbines, some mechanical and electrical
aspects of the turbines are necessary to study in
details so that the turbine can achieve its electrical
output efficiency [1,2].

Micro wind turbines can also be used as
alternative sources of energy in locomotives,
especially in passenger trains in which it can
generate enough power to support the hotel load

requirements including light, fan and AC and so
on. Since, it is very cheap, affordable reliable and
almost maintenance free it gives more benefits than
the large wind turbines [3,4].

For large wind turbines, people used
mostly VAWTSs (Vertical Axis Wind Turbines)
over HAWTS (Horizontal Axis Wind Turbines) for
low wind speed areas, especially in buildup areas.
VAWTS have lower wind startup as compared to
HAWTS. However, for micro wind turbines,
people wused either micro VAWTS or micro
HAWTS for power generation in low wind speed
areas. Since in rural areas, electricity crisis is the
main problems, they are used mainly in rural and
remote applications or areas where wind speed is
low [4,6].

Moreover, research on the design and
development of the turbine blades has been studied
so that it becomes beneficial to use in areas where
wind speed is low. However, studies also show that
in a low wind speed areas, a practical wind booster
can also be used so that it can generate power
satisfactorily [9,10].

In case of variable wind speed conditions,
a controller is designed to maximize the energy
output and this modified turbine controller is also
used to examine the provision of frequency support
from wind turbines under changing wind
conditions [12,15].
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Figure 1: Vertical Axis Wind Turbine- Savonius
type [1]

Figure 2: Vertical Axis Wind Turbine- Darrieus
type [1]

Figure 3: Horizontal Axis Wind Turbine [5]

Implementation of variable wind speed
turbines also has been done enables the turbines to
get maximum efficiency as the wind varies.
Similarly, under varying wind conditions, control
strategies are obtained for operating a variable
wind speed turbine and the determination of the
increase in energy can be achieved using these
strategies [13].

Micro wind turbines can be designed
using PVC blades as it can give better power

capacity and less costly. It can be used in areas
where the velocity of wind is low, that is, as low as
2 mfs, like a plateau or hilly region or in places
where large wind turbine does not give a good
result. Because of low cost and being of
economical, it can be installed in residential areas
over the houses for power generation. Moreover,
utilization of small wind turbines for the household
would result in fewer burdens on the grid and also
plays a vital role in reducing utilization of
conventional energy and mobility to utilize the
power [17].

These micro wind turbines can be used
where wind velocity is low like hilly regions or
especially rooftops of building and they are less
costly, easier to install and can power electrical
devices like the LED sign, Cell phones, lighting a
lamp, etc. [20].

2. Micro Wind Turbines versus Large
Wind Turbines

A Micro wind turbine is set up in the location
where wind power has to be consumed. It is not
necessary that the design of micro wind turbine
will depend on the location where the wind power
is the best. Micro wind turbines help to provide
energy in the locations where unavailable of other
sources of electric energy are not available. Micro
wind turbines are designed to operate with low
wind speed even in places where the wind speed is
as low as 2 m/s. Moreover, micro wind turbines do
not require large areas of land. Due to their small
size and modular construction, a micro wind
turbine can be installed in smaller places like
apartment balconies, building-terraces,the rooftop
of a building and of course in small farmhouses.
Based on the available space and the power output
required, the size of micro wind turbines can be
adapted. The design is very simple, the components
required to set up the installation are easily
available and maintenance is very easy.
Consequently, simple designs lead to low
manufacturing cost. Similarly, because of their
light weight, small size, and flexible configuration
they can be installed in both urban and rural
environments, for individual or corporate use.
Some applications, like charging the batteries on
sailboats and recreational wvehicles, micro wind
turbines with very low capacities can be used and
implemented. Such micro wind turbines with
output lesser than 100W are practically used and
can be utilized for charging batteries with
minimum cost and minimum complexity. Such
types of micro wind turbines can be used to charge
automobile batteries and power security lighting
systems in remote locations or urban areas [6,21].
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Common types of large wind turbines
require large areas of land because they are
designed for a large amount of electricity
production. Largely sized wind turbines are used
for commercial energy production and they are
very costly. They are usually connected to a power
grid and installed in locations where wind speed
and direction are suitable for wind turbines. These
large wind turbines cannot operate in low wind
speed areas or places where the wind speed is
below 10 m/s. Regular wind turbines can only
operate at wind speed between 10 m/s and 25 m/s
[6,21].

3. Design Parameters of a Micro Wind
Turbine

Following are the key parameters required to be
considered while designing micro wind turbines:

1) Wind speed -It is very important for the
productivity of a windmill. The output of micro
wind turbine mostly depends on the wind.
Therefore, the more is the wind speed, the greater
is the amount of power the wind turbine generates.
Different regions have different wind speeds. As a
result, determination of the value of the wind speed
for a particular region is necessary.Whether to
design a Vertical Axis Wind Turbine (VAWT) or
Horizontal Axis Wind Turbine (HAWT) is
determined based on wind speed.

2) Sites Selection (Location) - By determining the
direction of the wind in the selected areas, the site
is considered suitable. It can be observed during
wind storms, that is, by looking at the trees near the
site. To determine a good indication of prevailing
wind speed and direction, it can be done by
identifying the trees that are all leaning in the same
direction and that have branches mostly on one side
of the trunk. This information can sometimes be
provided by the local airports and weather stations
also.

3) Height - Due to various atmospheric factors,
places or region of higher altitudes experience
more wind because there is less obstruction from
the surrounding hills, trees and building in places
of higher altitudes. As a result, a micro wind
turbine should be placed at least 30 feet above the
ground without any disturbances within 300 feet in
any direction. Use of short towers will reduce
power output, and cause physical stresses on the
turbine and tower.

4) No. of Blades and Blade Length — A micro
wind turbine performance can be affected by the
number of blades that make up a rotor and the total
area they cover. Blade length depends on the
design of the power output. The space between

blades should be great enough to avoid turbulence
so that one blade will not encounter the disturbed,
weaker air flow caused by the blade which passed
before it. Therefore, because of this requirement,
most micro wind turbines have only two or three
blades on their rotors.

5) Tip Speed Ratio - The tip-speed ratio is the
ratio of the rotational speed of the blade to the wind
speed. This ratio is directly proportional to the
rotation of the micro wind turbine rotor, that is,
larger is the ratio, the faster is the rotation of the
micro wind turbine rotor at a given wind speed.
High rotational speed is required for electricity
generation.

6) Generators - The generator converts the
mechanical energy of the turbine or the turning
motion of a microwind turbine’s blades to electrical
energy (electricity). There are different generator
designs which can produce either alternating
current (AC) or direct current (DC), and they are
available in a large range of output power ratings.
The rating or size of a generator is dependent on
the length of the wind turbine’s blades because
longer blades capture more energy. Therefore, it is
important to select the right type of generator for
intended use. Most home and office appliances
operate with 50 cycles AC. Some appliances can
operate on either AC or DC, such as light bulbs and
resistance heaters, and many others can be run on
DC. Storage systems using batteries store DC and
usually operate at voltages of between 12 volts and
120 volts.

7) Towers - The tower is a structure where the
micro wind turbine is mounted and the turbine is
mounted on a tower because wind speeds increase
with height. Consequently, the higher the tower,
the more power the micro wind turbine can
produce. However it is not just a support structure,
but it plays a very important role in raising the
micro wind turbine so that its blades safely clear
the ground and at higher elevations, the turbine can
reach stronger winds. The height of the tower can
be determined based on the cost involved versus
the value of the increase in energy production
resulting from their use. The towers that will be
installed should be strong enough to support the
wind turbine and to sustain vibration, wind loading
and the overall weather elements for the lifetime of
the micro wind turbine.

4. Energy Output Calculations of a Micro
Wind Turbine

Kinetic energy in (Joules) is given by,
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where,
m = mass (kg)
V = velocity (m/s)

Since, Energy = Power x Time

And to express the mass of flowing, air density is a
more convenient way to consider; the Kinetic
energy equation can be converted into a flow
equation.

Power in the area swept by the micro wind
turbine rotor is given by,

P = power in watts (746 watts = 1 hp and 1000
watts =1 kilowatt),

p= air density (about 1.225 kg/m? at sea level, less
higher up),

A = rotor swept area (m?),

V = wind speed in m/s.

Micro Wind Turbine Power is calculated [17]as—

p= %.p.A. C,.V3.Ng.Np .......... 3)
where,

P = power in watts (746 watts = 1 hp and
1000 watts = 1 kilowatt),

p = air density (about 1.225 kg/m® at sea level, less
higher up),

A = rotor swept area (m?),

C, = Coefficient of performance (0.59 {Betz limit}
is the maximum, 0.35 for a good design)

V = wind speed in m/s,

N; = generator efficiency (50% for car alternator,
80% or more for a permanent magnet
generator or  grid-connected  induction
generator),

Ny = gearbox or bearings efficiency (if good it
could be as high as 95%).

Tip Speed ratio for a micro wind turbine is
also defined as the ratio between the tangential
speed of the tip of a blade and the actual velocity of
the wind.

where,

A = Tip speed ratio
r = Radius of a rotor
v = wind velocity

Wind velocity at different places can be
measured by anemometer and Turbine velocity
with the help of Non-contact type Tachometer [17].

5. Vertical Axis Wind Turbine versus
Horizontal Axis Wind Turbine

Wind turbines are designed both as Vertical Axis
Wind Turbine (VAWT) and Horizontal Axis Wind
Turbine (HAWT), depending on the wind speed,
power output required and efficiency.

Vertical Axis Wind Turbine (VAWT):

Generally, there are two kinds of VAWTS, namely,
the Savonius and the Darrieus. The functions of
Savonius are similar to a water wheel whereas the
Darrieus makes use of blades similar to the blades
used on HAWTS. VAWTs commonly function
closer or nearer to the ground level and not in the
nacelle, and has the benefit of enabling placement
of heavy equipment, such as the gearbox and
generator. However, near ground level the winds
are lower; hence a less amount of power is
generated. Similarly, among the vertical axis wind
turbines, the Darrieus rotor is the more efficient
than the Savonius rotor, but the main limitation of
the Darrieus rotor is that it cannot be self-start. The
efficiency of the Savonius rotor is much less as
compared to the Darrieus rotor even though its
rotor is simple and cheap. VAWTSs give many
advantages when compared to horizontal axis wind
turbines (HAWTS). They are much more compact
and can be placed on building rooftops and other
urban locations whereas, the tall tower and long
blades of HAWTs work well only in wide-open
spaces. Similarly, they do not need much wind in
order to produce power and hence allowing them to
be nearer to the ground where the speed of the
wind is lower. Since they are closer to the ground,
they can be easily controlled and implemented on
tall structures [22].

Horizontal Axis Wind Turbine (HAWT):

Since a nacelle is installed perpendicular to the
turbine tower and horizontal in terms of the ground,
hence, they are called as the horizontal axis wind
turbine. These Horizontal Axis Wind Turbines
should always be pointed in the right direction, that
is, into the wind, or away from the wind, based on
the type so that they can achieve maximum
efficiency. Currently, because of their good
aerodynamic efficiency, high-speed propeller wind
turbines are commonly used as horizontal axis
turbines. The core components of a horizontal wind
turbine consist of the main rotor shaft, the electrical
generator, the gearbox to increase the rotation
speed of the blades and the Turbine blades.
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HAWTS has also some of its advantages.
They use the variable pitch of blades to collect the
maximum amount of energy from the wind.
HAWTS have higher efficiency as it has blades in
perpendicular to the direction of the wind.
Similarly, the designs of HAWTs allow easy
installation as well as easy maintenance [22].

6. Conclusion

This paper presents an exclusive review of the
design of micro wind turbines for low wind speed
areas. Small or micro wind turbines are more
suitable in regions where wind speed is low and
also in urban areas. The energy output calculations
are included for the benefit of designers. Also, a
comparison between Horizontal Axis Wind
Turbine (HAWT) and Vertical Axis Wind Turbine
(VAWT) has been done, with regard to their
efficiency. This will enable the designers to select a
particular design and a type for low wind speed
areas.
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Abstract: This paper describes the possibilities of the application of DC microgrids to
solve the rural areas, energy problem in the country (India). DC Microgrids open a
gateway for integration of solar and wind energies which together are efficient and
cleaner way of renewable energy generation, which can be integrated into the power
distribution network. They have several other advantages, which include - reduction in
transmission losses, improvement in power quality & reliability, reduction in emissions
and even they are cost effective. The most important characteristic is that it provides a
possibility for electrification of remote villages, which are far from the reach of the
conventional grid. This paper presents a detailed discussion on the possibility of
application of DC microgrids for rural areas in India.

Keywords: DC microgrid, solar, wind, BESS, supercapacitor, HOMER, State of

Charge (SoC).

1. Introduction

Renewable energy plays an important role in the
global energy sector. The wind and solar energy
sectors particularly have experienced tremendous
investment and growth in the last decade and the
trend still continues [1]. The global society has not
only become increasingly more energy dependent,
but has also become more aware of environmental
effects. Once the renewable energy technologies
become more dominant, then energy would be
produced anywhere without polluting the
environment.

Ministry of Non-Conventional Energy
Sources (MNES) in India has been supporting
research and development efforts to upgrade the
existing technologies of renewable energy
generation[2]. The R&D work mainly focuses on
power generation, system design and optimization.
The energy systems designed using renewable
sources primarily seek to address issues related to
electric and transportation sectors. The ideas
presented in this paper mainly focus on electrical
energy generation and also to analyze usefulness of
designing DC microgrids for remote locations in
the developing world. A key advantage of DC
microgrids is that the low risk of dangerous electric
shocks from low voltage DC makes plug-and-play
grids a possibility [3]. DC microgrid is one of the
new approach to generate and use power in our
buildings and also link how to make and distribute
power at the national electrical grid level—the
“macro grid”. The use of microgrids is partly
motivated by the increasing concern for the strain

on and vulnerability of electrical macro grid
system.

The operational controls are designed
using different methods in order to support the
integration of wind and solar power within
microgrids. Reported works in literatures also
describe that the engineers design multilevel
energy storage systems comprising of Battery
Energy Storage System (BESS) and
Supercapacitors. Energy can be stored in batteries
when it is generated by both wind turbine and the
PV array. Later, during peak time the stored energy
can be used. Hence DC microgrid with multiple
sources can benefit the poor by providing efficient
and cost effective energy storage technologies.

2. Basic Structure of a DC Microgrid

Depending on its operational frequency, microgrids
are classified into three types, viz., AC microgrid,
DC microgrid and hybrid AC/DC microgrid.
Compared to the others, DC microgrids have
shown more advantages and they are being studied
by many researchers these days for different
applications. Researchers believed bygrowing
number of proponents that “smart” dc microgrids
can make better use of the energy generated, stored,
and used at a local level. Whether are new on-site
energy generation (e.g., solar installations) or
adding smart devices to monitor energy use or
intelligently connecting power to electric vehicles
and battery storage, such approaches added control
of energy use at the building level, thus making
buildings better “partners” with the nation’s smart
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grid efforts[4]. It also provide a way to buy
centrally generated energy at times of the day when
it is more abundant, temporarily store it, and then
use it during peak demand periods.

A Hybrid energy storage system (HESS)
consisting of batteries and supercapacitors, used to
meet the highly fluctuating power demands [5].
The main purpose of supercapacitor is that it can
take care of high frequency power component in
contrast to the batteries which can take care of
average power component only. Therefore a hybrid
energy system improves system efficiency and
reduces the battery cost. It is very important to
study the steady state characteristics of the DC
microgrid as mentioned by Dong Chen and Lie Xu
[6], in order to gain a deep understanding of its
effect on the system. Itrequires local and
supervisory detection units at the constant power
loads (CPLs) to detect the fault.

dc bus
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Figure 1: Layout of DC Microgrid [3]

Figure 1, shows the schematic diagram of
a typical DC microgrid with conventions employed
for power transmission. The primary requirement
of DC microgrid is to maintain the DC bus within
an acceptable range of voltage. Wind energy
conversion system (WECS) connects to dc bus
generally through ac to dc converter and PV panel
connects to dc bus through dc to dc converter.A
multilevel energy storage comprising of Battery
Energy Storage System (BESS) and
Supercapacitors also connects to dc bus through dc
to dc converters. The capacitor has much less
energy capacity than the battery, but has the
capacity of charging and discharging much faster
than a battery. Also dc bus can be connected to
Electric Vehicle (EV) charging points through EV
charging station and grid interface.

A typical DC microgrid system has four
kinds of terminals: generation, load, Energy
Storage System (ESS), and grid-connected voltage-
source converter (G-VSC). In research works by
Dong Chen, Lie Xu and Liangzhong Ya [7] and in
another by Xiu Yao [8], these terminals have been

A\ N4
Main

classifiedinto two types: power terminal and slack
terminal. Power terminals usually operate on their
own merits and do not actively contribute to system
control. Typical power terminals are variable
generations such as wind and photovoltaic systems,
which normally operate at maximum power point
tracking (MPPT) according to weather conditions,
and variable load. On the other hand, slack
terminals are controlled to accommodate the power
variation coming from the power terminals and
maintain a stable system operation with limited DC
voltage variation. A DC microgrid should have at
least one slack terminal to satisfy the operation.
The generation within a DC grid can come from
wind, photovoltaic units, diesel generator, etc.

The DC Grids can be cost effective and
present a minimal technical risk while addressing
energy scarcity in many parts of the world [9].

3. Energy Requirement of Rural Area

Many of India’s villages are still un-electrified.
Most of the houses in rural areas use kerosene lamp
for lighting and fire wood for cooking. Houses are
built with local materials such as clay, wood,
bamboo etc. Requirement of energy in most of the
rural houses are also minimal.

Figure 2 shows a DC village-microgrid [7]
with the goal of meeting the dynamic electricity
needs of households within a 2 km radius which
will integrate the following features:

(a) Line transmission losses will be minimized by
using 380V DC and converted to safer 12VDC
at the households.

(b) A droop voltage power-sharing scheme is
implemented, wherein the microgrid voltage
droops in response to low-supply/high-demand.

2km
=) X
vemu| ©  end
KQrcull/'
Metering Fanout ®
«©»
‘ ¢\ | schooland
o W night study
F===n) Business: Cell phone s
. charging (for other PMU
m villages) (1}\>) \ /\
AU \

/ «» 380VDC «» )
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Figure 2: Architectural overview of a DC village-
microgrid with a 380VDC transmission
bus that is converted to 12VDC for
household usage [7]
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Communication Line

(c) The household power management units
(PMUs) integrate scalable distributed storage
that are owned by individual households.

(d) PMU will have good efficient DC-DC
converters that provide power to efficient DC
appliances.

A technique of prediction of PV inverter
current is presented in research work by P.
Achintya Madduri et al. in 2013[11] when the
current exceeds its rated value, due to any grid
faults. The objective of this work was to prevent
the loss of PV based renewable generation due to
fault. The grid code required the DG inverter to
stay connected and provide Low Voltage Ride
Through (LVRT) capability during fault scenario.
The proposed methodology was based on the
evaluation of slope and magnitudes of the PV
inverter current for short circuit current detection.
The photovoltaics (PV) require an automation
surveying over large geographical areas [12]. It is
very important to have a good knowledge of roof
top characteristics in order to identify where the
problems arise in the National Grid and where
mitigation measures may be necessary. The
research describes that how the required roof
characteristics may be obtained together with
expected percentage error.

4. Loss Optimization and Cost
Effectiveness

The goal of microgrid is to coordinate operation
with the large power grid and also to provide an
effective complement to the power grid. With large
scales of microgrid connected in the distribution
grid, the interaction between the DC microgrid and
the power grid cannot be ignored [13]. The main
backbone of microgrid is DC where DC equipment
connect microgrid directly.

A loss optimized cost effective droop
control schemein some research works [14,15]
described a remotely located DC microgrid
connected to a weak radial distribution feeder. It
provides a loss optimized and cost effective droop
control law for the battery energy storage converter
(BESC) and bidirectional interfacing converter
(BIC). The BIC controller ensures that the drop/rise
in distribution grid voltage at the point of common
coupling (PCC) due to the active power exchange
between DC microgrid and utility grid is as per the
Indian voltage regulation standards set by the
Central Electricity Authority (CEA).

Power Line

Utility

PV Source Energy Storage

Figure 3: Single line diagram of a DC microgrid
connected to the utility grid [14]

The total system losses in dc microgrid are
compared with the losses of ac microgrid. The less
power conversion stages due to the very nature of
the distributed sources, storages, and loads make
DC microgrid more attractive than the AC
microgrid. The DC microgrid is also preferred over
AC microgrid because (i) quality of power supply
is high, (ii) has more reliability and higher
uninterruptible supply, (iii) the losses are less due
to the absence of reactive power, and (iv) has
higher efficiency [16].

Microgrids are key elements to integrate
renewable and distributed energy resources as well
as distributed energy storage systems. The new
electrical grid named as Smart-grid (SG) will
deliver electricity from suppliers to consumers by
using digital technology to control appliances at
consumer's homes to save energy, reducing cost
and increase reliability and transparency [17,18].
Use of transformer can be eliminated on load side
converter by using proper dc voltage of the
microgrid (£750V in some study) [19].

Thus a dc microgrid leads to minimization
of cost of improvement in efficiency at the same
time.

5. Charging and Discharging Status
Monitoring of The Battery Bank

The condition of the smart grid to work safely
depends on maximum State of Charge (SoC) and
the lifetime of the battery bank guaranteed by
minimum state of charge. In order to maintain the
state of charge (SoC) of the storage system within
its nominal limits, a storage converter voltage
control loop is used, with a correction of the
reference voltage as a linear function of the
deviation between the desired SoC and the actual
one [20]:

Vdc —ref = VJC — k. (Qstorage —ref Qstorage —meas)
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where,

V;. = dc reference voltage of the interface converter
Qstorage —rer = target state of charge

Qstorage —meas = Measured state of charge

k = proportionality constant

The proportionality constant of the SoC
controller is set according to the desired range
excursion of the storage system SoC. In this way an
automatic  self-requlating control of SoC s
implemented which guarantees that SoC is brought
back to its target value in steady-state conditions.

Also flow of energy from the wind turbine
and the battery bank should be done for charge
acceptance and discharge rate of batteries [21].
Limitations of state of charge (SoC) depend on the
characteristics of battery charging regulator.

Use of voltage regulator also is one of the
main tasks to take care of the fluctuating conditions
to make the system efficient. To follow all the
power fluctuations on the dc bus, the closed-loop
bandwidth set for the storage converter is kept as
high as possible.In another type of work,green
energy storage monitoring system was designed to
monitor the lithium iron phosphate battery charging
and discharging status for a long time [22]. It is
basically used manage diverse power sources from
power plants, solar panelsand wind turbines and to
coordinate the difference between the peak and
average power availability, and also to maintain the
consistency of the power quality in the user side.
The core of the overall solution for these issues is
the use of the energy storage systems efficiently.

6. Tri-Loop Dynamic Error-Driven PI
Controller

Research works carried out by O. M. Longe, K.
Ouahada, H. C. Ferreira and S. Chinnappen in 2014
[23] and by T. Aboul-Seoud and A. M. Sharaf in
2009 [24,25], present a design of tri-loop dynamic
error-driven PI controller. The design is to improve
the power quality in the distribution systems that
are interfaced with distributed generation (DG), a
novel PWM switched DVR and MPFC driven by a
Tri-loop Dynamic Error Driven Pl Controller are
developed.

1) DVR: The tri-loop dynamic error-driven Pl
controller is the summation of the three basic
loops: (i) The voltage stabilization loop functions
tracking the error of load voltage if there is any
fluctuation in the wind speed and regulating it to
near unity, (ii) The second loop is the load bus
current dynamic error tracking loop, which
compensate when there is any current change, (iii)
The Current Harmonic Tracking Loop is the

supplementary used for reducing the harmonic
ripple content in the distribution system.

] €,
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Figure 4. The Tri-loop dynamic error driven
controlled PWM layout [23]

2) MPFC: The MPFC tri-loop dynamic error-
driven PI controller corrects the global error. It is
the summation of the three basic loops for voltage,
current, and current harmonic ripple with different
assigned loop weights. The scheme introduces
significance to the network power factor while
decreasing the supply current, and the losses in the
distribution feeders. It also decreases the total
harmonic distortion in the current. The scheme is
cheap and robust.
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Figure 5: The MPFC layout [24]

7. Hybrid Optimization Model for
Electric Renewables (HOMER)

The renewable energy in India has got very high
potential, but the total contribution of renewable
power as compared to electricity generation is very
low. Hence, it is necessary to utilize these
resources in optimum manner. One of the excellent
solutions for the energy problems in rural areas is
the hybrid energy system where grid extension is
difficult and not feasible. It is a combination of two
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or more different types of energy systems which
come together to give the optimum output by
utilizing the available natural resources in India.
The task to design such system is very difficult;
hence good planning of such system is important
before its construction.

The HOMER software is used to
determine the optimal sizing and operational for a
hybrid renewable energy system, using the solar
radiation data, wind speed data, and load data,
based on the three principal steps viz., Simulation,
Optimization and Sensitivity analysis [26,27,28].
HOMER simulates the system based on estimation
of installing cost, replacement cost, operation and
maintenance cost, fuel and interest.

SIMULATION: HOMER performs the energy
balance calculations, which determines the best
feasible system configuration which can adequately
serve the electric demand. HOMER simulates the
system based on estimation of installing cost,
replacement cost, operation and maintenance cost,
fuel and interest.

OPTIMIZATION: Optimization is done after
simulation of different combination of hybrid
renewable energy system configurations. It is based
on Total Net Present Cost (TNPC) to find out
number of system configurations.

SENSITIVITY ANALYSIS: The HOMER
software repeats the optimization process for every
selection of sensitivity variables for the hybrid
renewable energy system. The sensitivity variables
are the global solar irradiation, wind speed and the
price of diesel fuel. The various configurations of
hybrid renewable energy are tabulated from the
lowest to the highest TNPC. The optimal solution
of hybrid renewable energy system is referring to
the lowest TNPC.

Hence HOMER software is designed
which is used for the simulation and optimization
analysis because it limits the input complexity,
performs fast enough computation [29].

The work done by Vlado Ostovic in 2014
[10], shows the Harmonic Fields (HF) Generator
which is a new electric machine topology for wind.
The Harmonic Fields (HF) Generator is perfectly
suited for wind applications. A wind turbine drive
built around an HF generator has a higher energy
yield than a turbine with conventional generator
and frequency converter. It is cheaper to build and
requires less maintenance.

Medium
Voltage

Figure 6: HF generator schematics

Besides low maintenance costs, the wind
turbine with HF generators are characterized by
low investment cost because they do not
requirepermanent magnet, frequency converter,
gearbox, transformer and slip rings to generate
electric energy from wind.

8. Conclusion

A detailed review of the scope and advantages in
using DC microgrid from rural areas has been
done. The DC grid shows marked advantages over
AC grids in terms of their efficiency and cost
effectiveness. The latest trend in controlling the
voltages and used of HOMER software in
simulation, optimization and sensitivity analysis
are also discussed. Overall, the DC microgrid is a
viable option for distributing power in both rural
and urban households, utilizing solar and wind
power available freely.
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Abstract: Air pollution has become a major concern over the last quarter century and
therefore mitigation of poor air quality for health and environmental reasons has been
a primary focus for local governments. Industrialization and increasing number of
vehicles are the primary source of pollution. There is ever rising need for continuous
monitoring of air quality. A lot of technologies have introduced for measuring the air
pollution. This paper presents a comparative study of the available technologies.
Comparisons have been done based on measured pollutants, sensitivity, range,
implementation cost, level of complexity etc., which are provided in tabular form for
easy comparison. Paper also includes a proposed model which is an idea to implement
the same as a real time project for air pollution detection and monitoring using
microcontroller and Wi-Fi module.

Keywords: Centralized Air pollution, particulate matter (PM), Sensor, Wi-Fi module,

Arduino Microcontroller.

1. Introduction

In recent epoch, air pollution is an important
problem in society that harms the human health and
environment. This is a great problem faced in the
urban area. Air pollution contributes to the
greenhouse gases, which causes the greenhouse
effects, whose side effects are well known to all of
us. In recent time, there is a tremendous increase in
pollution by the private vehicles. The main
component of pollution from vehicles is oxide of
carbon, which can be easily sense by the
semiconductor gas sensors. These pollutants impact
on the human health affecting lungs & respiratory
system. These pollutants also deposit on soil plants,
water etc. Various sensors can do the sensing of
emitted gas. This paper suggests an idea, which is
expected to help in reducing the pollution in air.
Paper also includes a proposed model idea to
implement the same as a real time project for air
pollution detection and monitoring.

2. Literature Review

A literature study was done to compare the
different methods for detecting and monitoring of
air pollution, specially detecting toxic gases like
CO, CHg, particulate matter etc. The survey reveals
various advantages and disadvantages of those
methods. The methods are illustrates in the below
section. In a factsheet by World Health
Organization [1], WHO has mentioned that the air

pollution is a major environmental risk to health,
and by reducing the air pollution level one country
can reduce the burden of heart diseases, lung
cancer and both chronic and acute respiratory
diseases including asthma. This factsheet suggests
number of policies and investment supporting
cleaner transport, cleaner municipal waste
management etc. WHO’s factsheet also presents a
study of how much of the pollutant like SO,,
particulate matter (PM), NO, is acceptable in the air
and their effects in the human health if they
increase. The authors L. C. Amorim and J. P.
Carneiro and Z. L. Cardeal [2] described Solid-
phase microextraction (SPME) as a sampling
technique for determining benzene in exhaled air
by GC-MS. A system was developed to generate a
gaseous benzene standard by a permeation method
to accomplish the breath analyses. Authors also
optimized the condition and analyses of real
samples on two groups i.e., exposed and not
exposed to benzene. Authors also mention that this
method has good resolution, repeatability and
sensitivity. In another literature, the authors Wei
Ying Yi, Kin Ming Lo, Terrence Mak, Kwong Sak
Leung, Yee Leung and Mei Ling Meng [8] have
described the different technique of detecting the
pollutant in the air and also explained the working
of those techniques. The authors also performed a
comparative study on the techniques based on their
performance and cost effectiveness. The authors D.
Hasenfratz and O. Saukh and S. Sturzenegger and
L. Thiele [7] have described about the different
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types of wireless nodes like community sensor
node and static sensor node; and the author
explained that community sensor node the sensor
nodes are typically carried by the users. By
utilizing the low-cost portable ambient sensors and
the ubiquitous smart phones, users are able to
acquire, analyze and share the local air pollution
information. Similarly, in static sensor node the
sensor nodes are typically mounted on the
streetlight or traffic light poles, or walls. Due to the
low-cost ambient sensors, the number of sensor
nodes in SSN systems is much higher than that in
the conventional monitoring systems. Again the
authors P. Doraiswamy, W. T. Davis, T. L. Miller,
J. S. Fu and Y. F. Lam [10] have performed
experiments on trucks to detect its pollutant level.
The authors used MQ-2 gas sensor along with an
Arduino Uno board to detect the quality of the
smoke produced by the exhaust pipe of the truck
and after that they transmit the data through
ESP8266 wireless transmitter to the predefined
server and also design a mobile app to access the
data. Similarly, in case of detecting the CH, in the
air, the authors mentioned about the use of the
sensor MQ-9 electrochemical sensor along with an
Arduino Uno board.Authors F. Tsow, E. Forzani,
A. Rai, R. Wang, R. Tsui, S. Mastroianni, C.
Knobbe, A. J. Gandolfi and N. J. Tao [12]
discussed about the MQTT protocol, in which the
authors stated that it is a very low cost and low
code footprint messaging system. Authors also
established a connection between MQTT publisher
and subscriber by using ESP8266 Wi-Fi module.

3. Different  Pollution
methods existing

Monitoring

(i) Electrochemical Gas Sensing Method

The main principle of electrochemical gas sensing
method is the electro chemical reaction specifically
oxidation-reduction reactions in the sensor. An
electrical signal proportional to the concentration
of the gas molecule is generated by the reaction
between the sensor and the gas molecules. This
sensor is consist of three basic electrode these are
Working Electrode (WE) and a Counter Electrode
(CE) and Reference Electrode (RE) which is used
to provide an external driving voltage. These three
electrodes are separately deployed into the
electrolyte within the sensor. For detecting and
improving the selectivity to a specific kind of gas,
different types of membranes, electrolyte and
working electrodes are used. As soon as the gas
reaches the working electrode, the oxidation-
reduction reaction occurs. The electrode which is
specifically developed for a specific gas catalyzes
these reactions. By calculating the current between
the Working Electrode (WE) and the Counter
Electrode (CE) the concentration of the target gas

is found. The Reference Electrode (RE) is
responsible for controlling the oxidation and
reduction reactions and reduces the potential drift
on working electrode due to deterioration. It is to
be noted that, most of the electrochemical ambient
gas sensors require a small amount of oxygen and
humidity to function properly. In addition, wind
velocity also influences the chemical equilibrium
on the sensor’s surface and thereby influences the
sensor’s readings [7,8].

(ii) Tapered Element Oscillating Micro-Balance
(TEOM) Method

In conventional air pollution monitoring system,
this method is widely used. The main principle of
this method is that oscillation frequency of the
tapered glass tube is proportional to the mass of the
tube. The mass and the oscillation frequency of the
tube will be changed by the PM deposited onto the
tube. By calculating the change in oscillation
frequency of the tube and volume of the air
sampled, researchers are able to deduce the mass
concentration of PM in ambient air. The air is
sampled through a size selective inlet [8].

(iii) p-Attenuation Method (BAM)

The p-Attenuation Method or B-Attenuation
Monitors (BAM) are the most widely used
particulate matter (PM) measurement equipment in
the conventional air pollution monitoring systems.
With the help of a size selective inlet (PM10 or
PM2.5) the air is first sampled either with heater or
without heater that minimizes the water contained
in the air. After that air is passed through a paper
filter which catches the PM and later on this paper
filter is subjected to the B-attenuation source. By
measuring the radiation intensity of the filter and
the interval, one can calculate the mass of the PM
on the filter [8].

(iv) Black Smoke Method

The black smoke technique collects the particulate
matter (PM) on a paper filter over 24 hour period
though a size selective inlet. A reflectometer is
used to measure the darkness of the paper filter
which is converted to the PM’s mass concentration.
This type of monitoring instrument is cost-efficent,
simple and robust. After that, the mass
concentration is obtained by measuring the
darkness of the filter paper and this varies in
different locations. This means the darkness-to-
mass coefficient changes with time and locations.

[8].
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(v) Light Scatting Method

The main component of this method is a high
energy laser which is used as a light source.
Whenever a particle passes through the detection
chamber that only allows single particle sampling,
the laser light is scattered by the particle; and by
using a photo detector, the scattering light is
detected. By analyzing the intensity of the scatting
light, one can deduce the size of the particle. Also,
the number of particle counts can be found by
counting the number of detecting light on the photo
detector. A single analyzer can detect particles with
different diameters simultaneously (i.e., PM2.5,
PM5 and PM10), this is one of the advantage of
this method. Once particle count is counted, it is
converted to mass concentration by calculation
(depends on the particle counts, particle types and
particle shapes), but this will introduce errors that
further affect the precision and accuracy of the
analyzers which put a limitation to this method [8].

(vi) Direct Imaging Method

In this analyzer, the particle is illuminated with a
beam of halogen light and the shadow generated
due to the illumination of each particle is projected
to a high definition, high magnification and high
resolution camera. This camera records the passing
particle and after that the video is analyzed by
using computer software to measure the PM’s
attributes. By using this method both count and size
of the PMs in the ambient air is obtained [8].

(vii) Light Obscuration Method (Nephelo meter
method)

In this method, a particular category of optical
analyzers uses the fastest particle concentration
measurement method with high precision and low
detection limited. A nephelo meter is an instrument
that measures the size and mass concentration of
PM in the ambient air. In a nephelo meter, one
silicon detector and a near infrared LED are used.
The LED is used as a light source and the silicon
detector is used to measure the total light scatted by
the particulate matter. Mass concentration and size
distribution are determined by analyzing the
intensities of light scattered by the PMs the shape
of the scattering pattern. The TEOMs and BAMs
are used in conventional monitoring systems due to
their large size, heavy weight, high cost and high
data resolution and accuracy. The light obstruction
and the light scatting optical analyzer results have
low resolution and accuracy and it varies with time
and also with the location, yet these two type of
sensor are widely used in hand-held monitoring
devices and The Next Generation Air Pollution
Monitoring Systems (TNGAPMS) due to their low

cost, light weight, small size and simultaneously
measuring ability [8].

(viii) WSN Based Air Pollution Monitoring
Systems

In recent times, air pollution in the urban area has
attracted extensive attention throughout the world
due to its impact on human lives at anytime and
anywhere. To mitigate these impacts, a network of
monitoring stations using traditional measuring
instrument have been deployed. Acquired data can
be used to generate pollution maps and models,
which can be used for predicting the environmental
situation. Quality of service and limitation in
spatio-temporal resolution plays a vital role in these
systems. These limitations result in issues and
problems of the conventional air pollution
monitoring systems, like non-scalability of system,
limited data availability on personal exposure, and
out-of-the-fact warnings on acute exposure [8].

(ix) Static Sensor Network (SSN)

In SSN systems, the sensor nodes are typically
mounted on the streetlight or traffic light poles, or
walls. Due to the use of low cost sensor module in
SSN system, the number of sensor in SSN system
is much larger, in comparison to the conventional
monitoring system. The pollution information that
can be achieved with the SSN system has high
spatio-temporal resolution. By the wuse of
Webpages, Mobile app, etc., the air pollution data
is available to the public [8].

(xX) Community Sensor Network (CSN)

In CSN (or Participatory Sensing) systems, the
sensor nodes are typically carried by the users. By
utilizing the low-cost portable ambient sensors and
the ubiquitous smart phones, one can acquire,
analyze and share the local air pollution
information. Air pollution data is available to the
public through the Webpages, mobile app etc.
[8,9].

Table 1 shows the comparison among
various pollution monitoring methods.
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Table 1: Comparison of different Pollution Monitoring methods

Method Cost Implementation Sensitivity | Detectable
Pollutant
Electrochemical Gas Sensing Less Easy to implement Moderate CO, CO,, NO,, CH,,
Propane, Butane etc.
Tapered Element Oscillating High Equipment are High CO, CO,, NO,, CHy,
Micro-Balance large but it can be SO,, etc.
(TEOM) Method implemented
f3-Attenuation High Equipment are large | High CO, CO,, NO,, CHy,
Method but it can be SO,, etc.
Implemented
Black Smoke Method Cost- Simple to implement | Less CO, CO,, NO,, CH,,
efficient SO,, etc.
Optical Method Cost- Easy to implement Moderate CO, CO,, Particulate
efficient Matter
WSN Based Air Pollution Moderate | Simple to implement | Very High | -
Monitoring Systems
Static Sensor Network (SSN) Low Simple to implement | Very High | -
Community Sensor Network (CSN) | Low Simple to implement | Moderate | = --—-----

4. Proposed model

The block diagram of a proposed model for
Centralized Air Pollution Detection and Monitoring
based on sensors, one microcontroller unit, and one
Wi-Fi module, is shown below.

Clond

Sensor MCU Publisher

Figure 1: Block Diagram of proposed model

In this proposed model, a number of sensor nodes
are being used and these sensor nodes will sense
the various pollutants in the air. In the sensor node,
the basic components are different types of sensors
based on the requirement, one microcontroller unit,
and one Wi-Fi module. The sensors are responsible
for sensing the pollutant in the air and then it will
generate some analog signal based on the
concentration of pollutant in the air and this analog
signal will feed to the analog pins of
microcontroller unit and according to the incoming
signal the board will process the signal and send it
to the Wi-Fi module. The Wi-Fi module will
publish the data to the cloud server. The cloud
server is responsible for storing the sensor data and
it also process the data to present in an interpretable
way. The people who want to see those sensor data
in the cloud server they can subscribe to the server
and get those data. The Wi-Fi module is also used
here to provide the location of the sensor, through

Subscriber

geo-location. After getting those data and location
of the sensor the server provides a complete
scenario of the city pollution.

4.1  Components of the model

A brief working with specifications is given for the
components that are used in the system.

(i) MQ2 Gas sensor

This sensor is simple to use which is used to sense
the concentration of carbon monoxide in air. The
MQ2 can detect CO gas in air between 20 to
2000ppm. This sensor gives quick response and is
very sensitive to CO. The sensor gives output in
analog form. To drive the sensor we have to apply
5V to the heater coil of sensor. This sensor has
wide detection range; also it gives stable
performance after it gets stable in the environment
after some time. Its cost is low as compared to
others. It is applicable for detecting domestic gas
leakage, industrial co detection and portable gas
detector. To calibrate this sensor we have to keep
heating its heater coil for 48hours continuously.
After this, the load resistance R, needs to be
adjusted until we get a single value, which is a
response to a certain CO concentration and point of
90s. Then adjustment is required for the other load
resistance R, until we get a single value which
responses to a CO concentration at the end point of
60s. After completing this task, the sensor is ready
to use.

(ii) MQ4 gas sensor
This sensor is simple to use which is used to sense
the concentration of methane gas (CH,) in air. The
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MQ4 can detect co gas in air between 200 to
10000ppm. This sensor gives quick response and is
very sensitive to CH4. The sensor gives output in
analog form. To drive the sensor we have to apply
5V to the heater coil of sensor. This sensor has
wide detection range; also, it gives stable
performance after it gets stable in the environment
after some time. Its cost is low as compared to
others. It is applicable for detecting domestic gas
leakage, industrial combustible gas detection, in
car, etc. which uses methane as fuel and can be
used in houses also. To calibrate this sensor we
have to keep heating its heater coil for 48hours
continuously. After this, the load resistance R
needs to be adjusted until we get a single value,
which is a response to a certain CH,4 concentration
and point of 90s. Then adjustment is required for
the other load resistance R_ until we get a single
value which responses to a CH,4 concentration at the
end point of 60s. Once this is over the sensor is
ready for use.

(iii) Micro controller (Arduino Uno)

It is to be used for receiving data from the sensors
and it stores one of the sensor values in the
EEPROM. This receives analog value from the
sensor and then it processes the analog value to
convert it into parts per million. After converting
this values both analog and ppm values will be
displayed on the Liquid crystal display. The
command will be given by the control to display
these values on LCD.

(iv) Liquid Crystal Display (LCD)

This is the element that is used to display the
concentration of gases present in the around
atmosphere. This is a 16*2 display it has 16
characters to display in one line and it has total 2
line i.e. it can display total 32 characters. In this
system, we have displayed the values of all the
gases in analog and its corresponding value in ppm.
At a time, the value of one gas is displayed in the
first line analog value is displayed and in the
second line concentration of gas is shown in ppm.

(v) Wi-Fi Module (ESP8266)

The ESP8266 module is a low-cost Wi-Fi
microchip  with  full TCP/IP stack and
microcontroller capability. It was introduced by Ai-
Thinker in August 2014. This module establishes
connection in between microcontroller and the Wi-
Fi network by following TCP/IP connections.

4.2 Working Principle of proposed model

The working starts with the sensing of the sensor.
In this system, there are two sensors that are MQ2
and MQ4. They sense carbon monoxide, methane
respectively. They give analog output as per the
concentration of gas present in the air produces
analog signal at the output of sensor. This output is

taken as analog input to the Arduino and then
according to the programming, it processes the data
and converts the analog value into its
corresponding value in volts and parts per million
(ppm). Equations given below are used to convert
the analog value from the sensor.

(i) To convert analog to volts:
Volts = (5 x analog value from the sensor) / 1023

(ii) To convert analog value to ppm:
ppm = x x analog value

where"x" is the multiplying factor calculated as per
the sensor by calibrating it in user’s own
environment.

After collecting the sensor data, the data is
sent through the ESP8266 module by using MQTT
protocol to the MQTT broker.

5. Conclusion

One of the major issues that we are facing today is
Air pollution. Pollutions in earlier days were
negligible. But nowadays pollution is increasing
day by day because of so many reasons like
industrial growth, development of automobile
industries, chemical industries etc. So in order to
reduce the pollutions from such type of sources and
to protect the environment from toxic gasses, it is
possible to take help of some of the semiconductor
sensors such as MQ9, MQ7, etc. that helps in
detection, monitoring, and also self-test of vehicles
with the help of Microcontrollers.
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