GRINREY

Advanced

Sandip A. Kale
Editor

Research Transcripts in Energy







Research Transcripts in Energy

Volume 01

Advanced Research in
Solar Energy




Book Series by Grinrey Publications

Research Transcripts in Energy

Research Transcripts in Engineering

Research Transcripts in Materials

Research Transcripts in Computer, Electrical and

Electronics Engineering

GRINREY

www.grinrey.com


https://www.grinrey.com/

Research Transcripts in Energy

Volume 01

Advanced Research in
Solar Energy

Sandip A. Kale

Editor

GRINREY



© 2021 Grinrey Publications

QOO0

Creative Commons License CC-BY-NC-ND 4.0
(www.creativecommons.org/licenses/by-nc-nd/4.0)

This work is published subject to a Creative Commons Attribution Noncommercial No
Derivative License. For permission to publish commercial versions, please contact
Grinrey Publications.

The publisher has taken a reasonable care in the preparation of this book. Publisher does
not states or implied warranty of any content in this book and adopts no obligation for
any errors or exclusions. The publisher shall not be responsible for any exceptional,
resulting, or exemplary damages causing, in whole or in part, from the reader’s use of,
or dependence upon, this content.

Advanced Research in Solar Energy
Sandip A. Kale, editor (Technology Research and Innovation Centre, Pune, India)
Series: Research Transcripts in Energy

ISBN: 978-81-948951-7-6

Published by: Grinrey Publications
511, Ganesh Nakashtram, Dhayari, Pune, Maharashtra, India
www.grinrey.com

Email: contact@grinrey.com


https://www.grinrey.com/

Preface

Chapter 1

Chapter 2

Chapter 3

Chapter 4

Chapter 5

Chapter 6

Chapter 7

Chapter 8

Chapter 9

Chapter 10

Contents

Experimental Studies on Developed Direct Solar
Dryer for Conversion of Grapes into Raisins with
Temperature Control

Nitin Sharma and Namrata Sengar

Design and Analysis of Solar Water Pumping
System
Lakhdara Amira, Bahi Tahar and Moussaoui Abdelkrim

Study of Thermal Comfort for office/Institute
Buildings Based on Carbse Tool and Suggestive
Passive Measures for Kota

Antima Sharma, DeepmalaMeena and Namrata Sengar

Industrial Waste Water Treatment Using Natural
Filtration and Solar Distillation Methods
Hemant Kumar, Shivanshu Sharma and Namrata Sengar

Experimental Study of Electrical Outputs for Air-
Blower Cleaned, Water Cleaned and Unclean Solar
PV Panels

Mahesh Kumar, Koushal Shringi and Namrata Sengar

Design, Development and Experimental Study of
Solar PV Air Cooler

Saiful Islam and Namrata Sengar

Design and Implementation of MPPT Based Boost
Converter Topology for Photovoltaic System
Kruthi Jayaram

A Novel PID Using a Genetic Algorithm to Track
the Maximum Power Point of the PV System
Zahira EL HARIZ, Hicham Aissaoui and Mohammed Diany

Photovoltaic Generation System and Grid Source
Connected to Load Using qZ Source
Henchiri Abdelhamid, Bahi Tahar and Lakhdara Amira

Control and Management of a Photovoltaic System

15

25

37

49

61

75

87

99

107



Equipped with a Storage Battery
Lekhchine Salima, Bahi Tahar and Layate Zakaria

Index 128



Experimental Studies on Developed
Direct Solar Dryer for Conversion of
Grapes into Raisins with Temperature
Control

Nitin Sharma”? and Namrata Sengar®

"Department of Pure and Applied Physics, University of Kota, Kota, India

*Corresponding author: mr.nitinsharma001 @ gmail.com

ABSTRACT

This chapter presents the experimental studies of the temperature variations in
developed direct solar dryer while conversion of grapes into raisins. Optimum
temperature of solar drying of grapes is in the range 28°C to 55°C so a small DC fan and
speed control device running with solar PV panel is attached to the dryer to control the
temperature in the dryer. The solar dryer is a flat plate solar collector with an aperture
area as 2972.65cm’. Experiments were performed without and with load, and the
temperature profiles are reported. During load experiments with the developed solar
dryer, the weight of lkg of grapes reduced to 0.260 kg in five days and raisins were
developed. The efficiency of the system was found to be in the range 4% to 7%. The
efficiency of the system can be further improved with load optimization and slight
modifications to make it suitable for households and cottage industries.
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Direct Solar Dryer for Conversion of Grapes into Raisins with Temperature Control

1. INTRODUCTION

Drying is one of the oldest techniques for preservation of food and agricultural
products. The main objective of drying is to reduce the moisture content up to
the safe storage level so that the products can be stored for a longer period
without any spoilage. The low moisture content prevents the growth of
microorganisms such as moulds, bacteria, and yeasts in the food products.

Solar energy is the most widely used renewable energy source in the drying
process. The traditional open sun drying is the largest application of solar
energy as it is a cheap drying technique, but some problems are associated such
as longer drying time, difficulty in controlling the drying process, losses of the
natural colours and minerals, losses of products due to insect, bird, weather
changes, requirement of large drying area. To reduce these problems solar
dryers are developed for use in drying the agriculture products and fruits. Solar
dryers utilize the principle of conversion of solar radiation into thermal energy
which heats the air and food products in the dryer and aids in removal of
moisture from the food [1]. There are different types of dryers such as direct
solar dryer, indirect solar dryer, hybrid solar dryer, mixed solar dryer, cabinet
solar dryer, greenhouse solar dryer etc. [2]. Grapes are widely popular as a fruit
world over. Grapes are main part for wine production, are used for preparing
the raisins, the food industry uses grapes for various purposes like making jam
and juice. Drying grapes either by open sun drying, shade drying or mechanical
drying produces raisins. The grapes in India are used for making wine, jams,
raisin and raw eating. Maharashtra is the India’s largest producer of grapes and
Nasik leads the list of grape producing areas in Maharashtra [3]. Open sun
drying is oldest technique for drying the grapes and produces raisins but in this
method drying rate is very slow. The drying time required for natural grapes is
20 days and for pre-treated grapes is 8—10 days. In this method there is
possibility of contamination of the dried grapes. The direct exposure to intense
sun radiation may also result in colour deterioration. [4]. The open drying
process using sun can take a period of 9—15 days depending upon the climatic
conditions of the location and dryer used [5-8]. For effective drying of grapes
the temperature range 28°C to 55°C is considered optimum [9].

Though a number of studies have been carried out for solar dryers, the present
work aimed at specific study of the temperature profile of each component of
the solar dryer while conversion of grapes into raisins with control of
temperature. The study is important from the point of view of understanding the
temperature variations inside the dryer and for controlling the temperatures for
optimum drying of the grapes through a small fan and speed control device
running with solar PV panel. The present work reports the experimental
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observations related to the temperature variation of the dryer component with
ambient air temperature and solar radiation values and estimates the efficiency
of the system for drying. This work will form a basis for the development of an
efficient temperature controlled solar dryer in future for households or cottage
industries.

2. DESIGN DETAILS OF DEVELOPED SOLAR DRYER

The solar dryer is a flat plate solar collector with aperture area as 2972.65cm’.
The absorber plate (tray) is placed directly behind the transparent cover. Solar
radiation trapped by glass heats up the air and heated air then circulates in whole
system. Exhaust chimney is provided in the dryer to allow the hot air to move
out from the dryer. The chimney is of length 53cm. Copper tubes are fixed at
side walls of dryer so that whole system remains hot for long time, copper tubes
is of 1125cm in length and having diameter 1.27 cm. The whole system is made
up of GI sheet and insulated by polystyrene sheet and plywood.

Fig. 1. Complete experimental setup of solar dryer at University of Kota

The rolling wheels are attached for easy movement of the dryer. The whole
dryer is painted black from inside so that more heat is absorbed by the system.
The system is kept south facing to maximize the solar radiation incidence on
collector. The solar dryer was initially developed as a passive solar dryer and
tested for drying of ginger [10]. Some modifications were done in the dryer after
the study to improve handling and convenience of operation. A fan with speed
control device operated by PV panel was attached to control the temperatures
inside dryer. The speed control device can increase and decrease the speed of
exhaust fan. The designed dryer is tested at roof of University of Kota. The
complete set up of direct type solar dryer is as shown in Fig. 1 and the
schematic diagram of the solar dryer indicating the measurement positions of
the thermocouple channels during load test is shown in Fig.2.
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Fig. 2. Schematic diagram of developed solar dryer indicating measurement
positions of thermocouple channels for load test

3. EXPERIMENTAL OBSERVATIONS

The performance tests of solar dryer presents the experiments without load and
with load on the developed solar dryer and observations related to the
temperature inside the dryer, drying rate and efficiency.

3.1. Experimental observations without load

The without load test was carried out to understand the trends of various
operating parameters with respect to time. The positions of various
thermocouple channels of the temperature data logger for the experiment
without load for recording temperatures are presented in table 1.

Table 1: Details of thermocouple channels

Channel 1 Temperature of dryer base plate

Channel 2 Temperature of middle (second) tray inside dryer
Channel 3 Temperature of first tray inside dryer

Channel 4 Air temperature inside dryer

Channel 5 Ambient air temperature

The temperature profile without load at various positions inside dryer is as
shown in fig. 3. It was observed that the solar radiation increased up to 1:00 PM
and then decreased. Similarly, the ambient temperature increased with the day
time and begins to fall in the afternoon hours. The maximum temperature was
attained inside dryer at 12:55pm. Maximum base plate temperature attained
inside dryer was 87°C, when the radiation was 975W/m?* while the minimum
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temperature was 43°C at 5 pm when the radiation was 323W/m”. The maximum
ambient temperature was recorded 35°C at 12:55 pm, while the minimum
ambient temperature was at 10am. From fig. 3 and 4 it can be inferred that the
temperature rise is the function of solar radiation and ambient temperature.

A CHL

y
o s
20°c
i,

AR g VIRV QUSR-S

10zm llam 12pm lpm 2pm 3pm 4pm Spm

Fig. 3. Thermal performance curve for solar dryer without load test
(Temperature plotted with time 27-03-2019)
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Fig. 4. Solar radiation (W/m?) with standard time (27-03-19)

3.2. Experimental observations with load

Experiments were performed to evaluate the thermal performance and
efficiency of the dryer for drying of grapes. The experiment was conducted with
one kg load of grapes. The observations were recorded for the temperature
profile of the various parts of the dryer, ambient temperature and variation of
solar radiation with standard time. Five thermocouple channels of the
temperature data logger were placed inside the dryer and one was placed outside

to record ambient air temperature. The details of the channels are shown in table
2.
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Table 2: Details of thermocouple channels

Channel 1 | Temperature of dryer base plate

Channel 2 | Temperature of middle (second) tray inside dryer
Channel 3 | Temperature of first tray (upper tray) inside dryer
Channel 4 | Air temperature inside dryer

Channel 5 | Temperature of mesh with grapes placed on first tray
Channel 6 | Ambient air temperature

3.2.1. Day 1

One kg grapes were put on upper tray (first tray) on a wire mesh inside dryer.
Weight of the grapes was recorded at the starting and at the end of the day
around 5 p.m. The temperature profile corresponding to the data logger channels
and the solar radiation variation are shown in fig.5 and 6.

S - R S LT
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Fig. 5. Temperature profiles of various channels with standard time during load
testing of solar dryer (1-04-19)
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Fig. 6. Solar radiation (W/m?) with standard time (1-04-19)
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After drying process at 5 pm, the weight of grapes has been recorded as 854
grams. Thus, 146 grams of moisture was removed in 7 hours of effective drying
process. With the help of exhaust fan the inside temperature of the dryer was
controlled. CH-5 shows the maintained temperature of the grapes tray around
50-60°C. Humidity measured inside dryer was 23% at 10am and 10% at Spm.
For maintaining temperature inside dryer the fan was started at 11:00am with
speed 1.3m/sec. CH-1 shows the decrease in the base plate temperature from 1
to 2 pm by shadow effect of dryer walls and by decrease in the solar radiation.
CH-1 shows the increase of the base plate temperature at 2:00pm by tracking of
dryer. Fan is put off at 3:00pm to maintain the inside temperature.

3.2.2. Day?2

Weight of the grapes was recorded at the starting of the second day and found to
be 810gm at 10am. The grapes were put inside dryer for drying and at the end of
the day the weight was around 709 gm at Sp.m. The temperature profile
corresponding to the data logger channels and the solar radiation variation on
second test day are shown in fig.7 and 8. CH-5 shows the maintained
temperature of the grapes tray around 55-65°C. Humidity measured inside dryer
was 21% at 10am and 10% at Spm. For maintaining the temperature inside the
dryer, the fan was started at 11:00am with speed 1.3m/sec. CH-1 shows the
increase of the base plate temperature at 2:30pm by tracking of dryer. Fan was
put off at 3:00pm to maintain the inside temperature. After drying process at 5
pm weight of grapes was found to be 709 grams as 101 grams of moisture was
removed in 7 hours of effective drying process.

CH-1

\i/"

75°C /
70°C
[

10am 11am 12am 1pm 2pm 3pm 4pm Spm

Fig. 7. Temperature profiles of various channels with standard time during load
testing of solar dryer (2-04-19)
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Fig. 8. Solar radiation (W/m?) with standard time (2-04-19)

3.2.3. Day3

On third day at 10 am 676 grams grapes were put in the dryer upper tray. CH-5
shows the maintained temperature of the grapes tray around 55-65°C. Humidity
measured inside dryer was 24% at 10am and 10% at Spm. For maintaining
temperature inside dryer the fan starts at 11:00am with speed 1.3m/sec. CH-1
shows the increase of the base plate temperature at 1:35pm by tracking of dryer.
Fan is put off at 3:00pm to maintain the inside temperature. After drying
process at 5 pm weight of grapes was 516 grams as 160 grams of moisture was
removed during the drying process.
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Fig. 9. Temperature profiles of various channels with standard time during load
testing of solar dryer (3-04-19)
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Fig. 10. Solar radiation (W/m?) with standard time (3-04-19)

3.24. Day4
On 4™ day at 10 am 490 grams grapes were put in the dryer upper tray. Ch-5

shows the maintained temperature of the grapes tray around 55-65°C. Humidity
measured inside dryer was 22% at 10am and 10% at Spm. For maintaining
temperature inside dryer the fan was started at 11:00am with speed 1.3m/sec.
CH-1 shows the decrease in the base plate temperature after 2:10pm by shadow
effect of dryer walls and by decrease in the solar radiation. Fan is put off at
2:00pm to maintain the inside temperature. After seven hours of drying process
at 5 pm weight of grapes was found to be 388 grams as 102 grams of moisture

was removed.

80°C
75°C
70°C
65°C
60°C
55°¢
50°C
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40°C
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Fig. 11. Temperature profiles of various channels with standard time during load
testing of solar dryer (04-04-19)
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Fig. 12. Solar radiation (W/m?) with standard time (04-04-19)

3.2.5. Day5
On 5™ day at 10 am 367 grams grapes were put in the dryer upper tray which

has area of 2856 cm’. Humidity measured inside dryer was 21% at 10am and
10% at Spm. For maintaining temperature inside dryer the fan was started at
11:30am with speed 1.3m/sec. All channels show the temperature decrease
inside dryer from 12:45pm to 1:45pm by decrease in the solar radiation. Fan is
put off at 12:45pm to maintain the inside temperature. After seven hours drying
duration at 5 pm the weight of grapes was recorded 260 grams as 107 grams of

moisture got removed.
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Fig. 13. Temperature profiles of various channels with standard time during load
testing of solar dryer (05-04-19)
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Fig. 14. Solar radiation (W/m?) with standard time (05-04-19)

4. PERFORMANCE EVALUATION AND DISCUSSION

4.1. Moisture content

Moisture content of grapes was determined by calculating weight of grapes
before drying and after drying for each day. The difference in weight is divided
by initial weight and percentage is taken.

4.2. Drying rate

Drying rate is calculated by dividing the weight loss from the grapes due to
moisture removal by the time period.

4.3. Efficiency

The thermal efficiency is defined as the ratio of thermal energy utilized for
drying to the thermal energy available for drying [11].

n=-2_%100 (1)

IgpAint

where, 1 = thermal efficiency, m, is mass of moisture evaporated in total drying
time, Ay, is effective area of collector, I, is the daily average solar radiation on
the dryer surface area, t is the time in second and L is the latent heat of water
(for moisture).

Table 3: Efficiency and drying rate of grapes in the developed solar dryer

Day | Initial Final Solar Moisture Efficiency | Drying
weight weight radiation removal (%) Rate
(kg) (kg) L, (Wm®) | (%) (kg/hr)
1 1 0.854 0.770 14.6 5.71 0.020
2 0.810 0.709 0.740 12.46 4.07 0.014
3 0.676 0.516 0.755 23.66 6.34 0.022
4 0.490 0.388 0.754 20.81 4.03 0.014
5 0.367 0.260 0.734 29.15 4.35 0.015

11
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From the above figures 3-14 and table 3, it can be seen that the dryer was able to
achieve the required temperatures for drying of grapes. The weight of 1kg of
grapes reduced to 0.260 kg in five days and raisins were developed. The daily
basis reduction in moisture content has been observed as on day one it was
14.06%, on day two 12.46%, on day three 23.66%, on day four 20.81% and on
day five 29.15%. The humidity levels inside dryer were generally in the range
21-24% in the morning when solar drying was started, by the evening the
humidity levels observed inside dryer were around 10%. The grapes were again
placed inside dryer after weighing at 5 p.m. to make use of the remaining heat
inside dryer during the night. As a result slight decrease in mass is observed
when the experiment was started next day.

During the experiments solar radiation remained on an average around 700
W/m® with clear sky except for cloud cover on 5" April for short duration at
1:00 p.m. It can be seen from fig. 13 and 14 that due to cloud cover the
temperature corresponding to different channels fell down, major change in
temperature was for base plate temperature (25-30°C). The temperature of other
components reduced just by around 5-7°C. It is interesting to observe that there
is a time lag of around 15 minutes between decrease in solar radiation and the
observed decrease in temperatures of the various channels. This short term
cloud cover did not have any major impact on overall performance, 29% of
moisture reduction was observed with 4.35% efficiency on this day. Drying rate
and the efficiency are observed to be highest on the third day. The efficiency of
system lies within 4% to 7% for the conducted experiments. The reason for low
efficiency is that the load is not optimized. Further works will be taken up to
optimize the load for this developed system.

This developed solar drying system is a compact system which can be easily
manually tracked and air speed can be controlled. This solar drying system
holds promise to become a useful device for domestic drying applications and to
be beneficial for cottage industries.

5. CONCLUSIONS

The grapes were converted in raisins within five days with the help of direct
type solar dryer. Temperature variations in various system components were
observed along with ambient air temperature, air temperature inside the dryer
and global solar radiation on daily basis. Temperature control appropriate for
grape drying was maintained between 55-60°C with a small DC fan coupled
with solar PV panel. The efficiency of system was found to be in the range 4%
to 7% for drying of one kg grapes. There is scope of future studies to optimize
the load and improve the efficiency of the system with slight modifications.

12
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This system can be a useful aid in domestic drying applications and can be

promising for use in cottage scale industries.
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ABSTRACT

According to the current state of the art, stand-alone photovoltaic installations are
increasingly intended for water pumping, and have become a very competitive solution
for remote areas. Indeed, photovoltaic pumping systems can offer the advantage of the
lowest maintenance and the opportunity to save energy. Therefore, the simplest solar
water pumping systems are the ones that operate directly when the sun is shining, but
the performance of these systems depends on climatic conditions including solar
irradiation and ambient temperature. However, in a remote area these installations do
not require electrical storage systems despite the various climatic conditions. This work
concerns the design, modeling and functional analysis of a photovoltaic water pumping
system operating under the sun, with a view to its installation in an isolated area so that
the water stored in a tank is consumed in real time or in case of need even if the
pumping operation is not operational. The simulation is carried out using
Matlab/Simulink environment, to evaluate the pumping installation performances. The
simulation results show that the pumping system works as desired.

Keywords: Pumping system, photovoltaic, climatic conditions, solar energy
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Design and Analysis of Solar Water Pumping System

1. INTRODUCTION

In recent years, governments around the world have insisted that part of the
energy be produced from renewable sources [1,2]. Since Algeria is considered
the biggest country on the African continent by its surface of 2.381741 km?, of
which 4/5 are occupied by the Sahara where the weather is generally sunnyj, it's
around 3650 hours of sunshine / year. The photovoltaic energy is strongly
applied for pumping water mainly in sunny areas, taking advantage of the free
fuel source which is sunlight. The presence of a solar pumping system is a cost-
effective and safe solution for supplying water using clean energy, by taking
advantage of the vast Algerian Sahara, which is characterizedby its distance
from the electrical distribution network, the installation of electricity production
systems is a remarkable solution to meet the needs of the population[3]. This
environment is therefore suitable for the installation of photovoltaic pumping
systems.

The photovoltaic pump system converts solar energy into electrical energy to
drive a pump from an electric motor. Despite the initial investment in this
system is expensive, systems can be installed as small as possible, but run as
often as possible. In this case the solar pumping system cannot supply a large
amount of water quickly but will be relatively inexpensive to use for many
continuous hours[4]. Therefore, water storage will often be an essential element
for solar pumping.

The aim of this work is the functioning of the photovoltaic pump system over
the sun and to perform an indirect storage in the form of a water tank in the
reason of the elimination of batteries. There are two parts: the first part is
devoted to the modeling of the system (PV, Permanent Magnetic DC Motor
(PMDC), Pump) and the simulation, the analysis and interpretation of
simulation results are presented in the second part to validate the performance of
this system under various climatic conditions.

2. MODELING OF THE SYSTEM

The performances of solar pumping depends on the characteristics of the chosen

site (Irradiation, Temperature,...) and the characteristics of the chain equipment
(PV, Electronics Inverters, PMDC, Pump and the Storage system) [5,6].

TANK

Fig. 1. Schematic bloc diagram of PV system
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2.1.Photovoltaic Panel

The photovoltaic cell is also represented by the “standard” model with a
diode[7].

+
4 __—>=e
Id IR_P Rs I
Ip}, D RP v
@

Fig. 2. Electric model equivalent to a diode of the photovoltaic cell

Where,R,(€2): parallel resistance which characterizes the currents of the
junction; Ry(Q): serial resistance which characterizes the various resistances of
the contacts and connection; I..(A): Short-circuit current (Photovoltaic) which
depends on the sunshine and the temperature; I, (A): Current through the diode;
Igy(A): Current through the parallel resistor.

From Figure.2, we can deduce:

I:Iph—ld—IRp (1)
With,
V+R xI
Rp = ] 2
R[’
And,
V+RI
I,=1,xe " -1 )
So,
V+R xI
: V+R xI
Ly=Uyxe " —D=(——2—) )

P

To show the influence of irradiation and temperature on behavior,
characteristics I=f{V) and P=f{V) obtained by simulation are shown in the
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Figure.3. Furthermore, the short circuit current and the open circuit voltage can
be determined from those characteristics.
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Fig. 3. Characteristics I=f(v), P=f(v) variation of E
2.2.DC-DC Boost converter

Power systems use Boost converter to increase the output voltage at the input of
the inverter, its block diagram is that of Figure.4.

We notice that the semiconductor (S) requires a command (D). However, the
closing (7;)  (blocked: non-passing) and opening (7,) (passing) periods for a
period of the control cycle (7.) defines the duty cycle (D).

18



Lakhdara Amira, BahiTahar and Moussaoui Abdelkrim
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Fig. 4. Schematic diagram of a Boost converter

T, v,
D=-2=]--L
T, V) ®)

Where, V;: input voltage and V,: output voltage. The inductance and the
capacitance are calculated respectively as below [8]:

D.V,
S ©
D.I
et %)
S.V,.f)

Where, f: switching frequency, I input current, /,: output current and the ripple
limit (8 = 1%).
Thus after sizing the Boost chopper, the figure.5 shows that for an input voltage

of 100 V, the output has stages corresponding to the three values of the duty
cycle (D).
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Fig. 5. Input voltage (Vi) and output voltage (Vo) of a Boost chopper
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2.3. Permanent Magnetic Motor

The DC motor of a photovoltaic pump converts electrical energy into
mechanical energy. The PMDC motor does not need external excitation because
its field winding is permanent magnetic. This type of the motor is defined by the
following relationships [9,10]:

The voltage is defined by:

U:Ra.Ia+La.cZ"+K .o (8)
t

Where, U: DC source voltage (V), I,: armature current (A), R,: armature
resistance (), L,: armature inductance (H), K,: torque constant (V.s/rad) and
Oy motor speed (rpm).

The electrical torque T, (N.m),

T, =K,.I 9)

em m a

The dynamic equation is:
do,
dt

Where, J: inertia constant (kg.m2 ) and B: constant (N.m.s).

J=E =T T —Bxo (10)

m

So, the PMDC equivalent circuit is shown by the Figure 6.

mja

— )

wim

Fig. 6. Permanent magnetic DC motor model
2.4. Pump modeling

The pump is a machine that converts mechanical power into liquid power, it is
directly coupled to the motor and characterized by the torque, the speed and the
flow [11,12].

T=438.10". ®" +0,00019. +0,092 (11)
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n. P
0= (12)
p.g.H
H=4923.10". &* —1,5826.10°. . Q +18144. Q* (13)

Where, (P): input power required (), (p): fluid density (kg/m’), (H): energy
head added to the flow (m), (g): standard acceleration of gravity (9.81 m/s’),
(Q): flow rate ( m/s ) and (): efficiency of the pump plant.

3. SIMULATION RESULTS

The operation of the system considered is analyzed taking into account a
variable irradiation profile and at a temperature equal to its standard value 25°C,
as shown in Figure 7.Starting with a constant irradiation level between Os and
0.2s, the corresponding voltage as well as the other quantities represented by the
same figure remain invariable.The PMDC supply voltage increases when the
irradiation goes from 200W/m” to 1000W/m’. This increase causes the speed of
the PMDC to increase, consequently the increase in mechanical power, which
results in a flow rate of the centrifugal pump proportional to the irradiation.At
0.8s there is a decrease in the irradiation from 1000W/m” to 600W/m” which
causes a decrease in the speed of the PMDC which in turn causes the decrease
in the pump flow.
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4. CONCLUSION

This work consists of the study and operation analysis of a pumping system

intended to be installed in an isolated site. Our intention waste analysis of this

operation over the sun under a variable irradiation. Thus, the generalization and
encouragement of such facilities for the population living in the vast Algerian

Saharian areas is a promising solution to satisfy their water needs, by a simple
disposal in a tank without resorting to the use of storage by battery or other

alternatives , this system is less expensive and reduces the aggressiveness of the
saharian climate.

NOMENCLATURE
F Switching frequency (Hz)
1, Armature current (A)
1. Short-circuit current (A)
1, Current through the diode (A)
I; Input current (A)
1, Output current (A)
K, Torque constant (V.s/rad)
L, Armature inductance (H)
R, Armature resistance (Q)
R, Parallel resistance ()
R, Serial resistance ()
T Electrical torque (N.m)
U DC source voltage (V)
V; Input voltage (V)

V, Output voltage (V)

O Motor speed (rpm)
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ABSTRACT

The chapter presents a study of thermal comfort conditions and suggestions for passive
measures for naturally ventilated daytime operated buildings which serve as offices and
institutes. The study is reported for Kota, Rajasthan, India. For the study, weather and
comfort analysis tool developed by Centre for Advanced Research in Building Science
and Energy (CARBSE) has been used to estimate the distribution of operating hours in
terms of too hot, warm, comfortable, cold and too cold hours. Temperature and
humidity distribution with the operating hours are presented. The estimated requirement
for operation modes of the buildings in form of natural ventilation, heating, mild
cooling, cooling, cooling-dehumidification and dehumidification is reported and on
basis of their analysis suggestive passive measures suitable for Kota region are
discussed to enhance thermal comfort and reduce energy consumption. Major
requirements in Kota are for natural ventilation (28%), mild cooling (27%) and cooling
(22%). Thus, the passive measures such as light paint, shading, roof gardens, high
reflective coating, low emissivity coating on windows, improving ventilation etc. would
be suitable for Kota.
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Study of Thermal Comfort for Office / Institute Buildings Based on CARBSE Tool

1. INTRODUCTION

The aim of buildings is to protect the occupants from the climatic vagaries and
provide a comfortable environment to carry out productive work. Buildings
consume energy in all phases starting from construction, operation and
demolition, and are also responsible for carbon emissions [1]. In order to
provide thermal comfort, energy consumption in the building sector during the
operation phase has increased manifold due to heating/cooling demands. The
energy and electricity demands for building sector in India have been projected
to increase by more than twelve times in 2047 from the value in 2012 [2].
Therefore, the need of the hour is to focus on improved energy efficiency in
buildings. The building envelopes should be designed in a more responsible
manner and passive measures should be adopted to reduce the energy
consumption and carbon foot print of the buildings [3,4]. The user needs of
thermal comfort should be properly addressed with careful study of climatic
parameters of the location and building operation modes.

Few studies have been reported related to buildings and passive measures in
Rajasthan [5-8], and for the Kota region even less studies are there [9]. It is
important to understand the climatic parameters, building envelope designs,
heating/cooling loads and energy consumption in order to improve the thermal
comfort and energy efficacy. Study of climatic parameters and building
operation modes is important in deciding the appropriate active or passive
measures for buildings.

There are two approaches for comfort zones: (i) Fixed Temperature Approach-
The comfort zone is specified with temperature 23+1°C and 50+5% relative
humidity. (ii) Adaptive Comfort Approach- It assumes that people can adapt in
many ways to improve their thermal comfort and therefore a single fixed
temperature is not necessary for thermal comfort. This approach is also known
as a variable temperature approach. There are two types of thermal comfort
models - heat balance model and adaptive comfort model based on above
approaches [10-11]. Heat balance models are developed based on experiments
in climatic chambers whereas adaptive comfort models are developed on basis
of survey and data collection through field studies [12].

Centre for Advanced Research in Building Science and Energy (CARBSE) at
CEPT University has developed a ‘Comfort and Weather Analysis’ tool. This
tool is supported by the Ministry of New and Renewable Energy of Government
of India and Shakti Sustainable Energy Foundation, New Delhi. It is an online
tool which can be accessed freely over internet [13]. CARBSE tool is based on
adaptive models and uses Indian Model for Adaptive Comfort (IMAC) to
develop a relation for neutral temperature for Indian conditions. The tool has
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been designed to help the user generate thermal comfort and outdoor weather
analysis for Indian cities. IMAC is based on the field surveys conducted in 16
buildings during three seasons. These buildings are in five different cities,
which represent five Indian climate zones [14].

Here in present study CARBSE tool has been used for the study of climatic
parameters and building operation modes for daytime spaces used as
offices/institutes in Kota. This tool not only gives the knowledge of climatic
parameters, but also introduces thermal comfort ranges corresponding to relative
humidity and temperature for each month over the year. The tool also provides
information about the required process for comfort in each month. With the help
of this tool climatic parameters, thermal comfort ranges and process
requirements for different months has been estimated in Kota region, and on the
basis of the analysis of the results, suitable passive measures have been
suggested in the present work.

2. METHODOLOGY

Kota is situated in the high solar potential region of Rajasthan, India (25.18°N
and 75.83°E). According to climatic data of Kota, May is generally the hottest
month of the year, with temperatures soaring as high as 48°C. January is
generally the coldest month of the year. The minimum temperature in winter
may range from 9°C to 28°C [9]. Comfort and weather analysis tool developed
by Centre for Advanced Research in Building Science and Energy is used for
analyzing thermal comfort and proposed operation modes of daytime spaces in
Kota.

The tool has been used to generate the following information for naturally
ventilated daytime spaces in Kota region,

e ASHRAE 55 comfort zone distribution on a daytime basis for Kota.

e The number of operating hours related to temperature distribution that
belong to comfort zone.

e The number of operating hours related to humidity distribution

e Suggested operation modes with respect to operating hours

e Percentage distribution of suggested operation modes

3. RESULTS

The results obtained by the use of CARBSE weather and comfort analysis tool
for naturally ventilated daytime spaces in the Kota region are shown in Figure
1-5.
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3.1. Operating hours (%) for naturally ventilated day time spaces
Figure 1 shows the percentage of operating hours of each month in different
zone for daytime naturally ventilated spaces for example offices in Kota. In
January, it can be seen that 135 hours (44%) remain too cold, 35 hours (11%)
remain cold, 132 hours (43%) remain comfortable, and 6 hours (2%) remain too
hot. In February 93 hours (33%) remain too cold, 27 hours (10%) remain cold,
105 hours (38%) remain comfortable, 19 hours (7%) remain warm, 36 hours
(13%) remain too hot. In March 12 hours (4%) remain too cold, 11 hours (4%)
remain cold, 107 hours (35%) remain comfortable, 33 hours (11%) remain
warm, 147 hours (47%) remain too hot. It can be observed that number of too
hot hours increase and number of too cold hours decrease with months.

| I
| I I
Jan Feb Mar Apr May Jun Jult

L

~
(-] w

% Operating Hours

w

Aug Sep Oct Maow Dec
Month

B Too Hot Warm Comfortable Cold [l Too Cold

Fig. 1. Operating hours (%) distribution for daytime naturally ventilated spaces
in Kota

In the month of April 20 hours (7%) remain comfortable, 9 hours (3%) remain
warm, 271 hours (90%) remain too hot. There are no cold and too cold in this
month. In May 2 hours (1%) remain cold, 6 hours (2%) remain comfortable, 5
hours (2%) remain warm and 297 hours (96%) remain too hot which is the
maximum number of hours than any other month. There is no too cold zone in
this month. In June 26 hours (9%) remain comfortable, 11 hours (4%) remain
warm and 263 hours (88%) remain too hot. There are no cold and too cold in
this month.

Generally monsoon arrives in late June in Kota and July-August experience
rains. In July 84 hours (27%) remain comfortable, 40 hours (13%) remain warm
and 186 hours (60%) remain too hot. It can be observed that too hot hours
decrease with month. Coming to August, 139 hours (45%) remain comfortable,
52 hours (17%) remain warm and 119 hours (38%) remain too hot. In
September 54 hours (18%) remain comfortable, 43 hours (14%) remain warm
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and 202 hours (67%) hours remain too hot. In October 34 hours (11%) remain
comfortable, 36 hours (12%) remain warm and 239 hours (77%) remain too hot.
No coldness and no too coldness in this month. There are no cold and too cold
zones in July to October.

In November 49 hours (16%) remain too cold, 16 hours (5%) remain cold, 144
hours (48%) remain comfortable, 29 hours (10%) remain warm and 62 hours
(21%) remain too hot. In December 74 hours (24%) remain too cold, 26 hours
(8%) remain cold, 206 hours (66%) remain comfortable, 2 hours (1%) remain
warm and 2 hours (1%) remain too hot. It can be observed that comfortable
hours are maximum in this month.

3.2. Temperature distribution of daytime spaces

Figure 2 shows the temperature distribution for the naturally ventilated day time
spaces. From the figure it can be seen that 3 hours remain at 12°C temperature.
240 hours remain below 20°C temperatures, 1592 hours come between 20°C to
30°C temperature and 1818 hours remain above 30°C temperature, 4 hours
remain at 46°C temperature. It can be seen that 96 hours remain at 21°C out of
which only 7 hours come in comfort zone. 21°C is lowest limit of comfort zone
below this temperature comfort zone is not considered. 116 hours remain at 22
°C temperature out of which 86 hours come in comfort zone. 133 hours remain
at 23°C temperature out of which 113 hours come in comfort zone.
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Temperature (°C)
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Fig. 2. Temperature distribution for daytime spaces in Kota

260 hours remain at 32°C temperature, but only 2 hours come in comfort zone.
32°C is the highest limit of comfort zone, above this limit temperature does not
come in comfort zone. From observation it can be seen that 25°C is the most
comfortable temperature for day time spaces because maximum operating hours
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(146 hours) at these temperature remain in comfort zone. Outdoor temperature
ranges from 12 °C to 46 °C. Comfort zone ranges from 21°C  to 32°C.
Maximum hours (263 hours) are found at 31°C. Total operating hours in day
time over year is 3650 hours in which only 1057 hours come in comfort zone.

3.3. Humidity distribution of daytime spaces

Figure 3 shows the humidity distribution for day time spaces like offices over a
year. It can be seen from the figure that 9% relative humidity is found for 1
hour, 674 hours lie between 10% to 25% relative humidity, 1707 hours range
from 25% to 50% relative humidity, 958 hours ranges from 50% to 75%, 310
hours ranges from 75% to 99%, 99% is the maximum relative humidity which
occurs for 9 hours. 38% relative humidity is found for 84 hours which is
maximum number of hours,
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Relative Hurmidity (%)
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Fig. 3. Humidity distribution for daytime spaces in Kota

3.4. Suggested operation mode for day time spaces-monthly

Figure 4 shows monthly estimated operation modes for day time spaces like
offices in Kota. Taking a look at January, it can be seen that heating requirement
is 8%, which is more than any other month because it is the coldest month of the
year. Natural ventilation is proposed for 85% and dehumidification is suggested
for 7% of the total operating hours in this month. There is no need of cooling
and mild cooling in this month. February is coming in winter month, but it is
less cold than January so heating is decreased and it is 5% only. Natural
ventilation is 84%, mild cooling is 10% and dehumidification is 1% only. No

cooling is required in this month.
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Fig. 4. Suggested operation modes for daytime spaces in Kota on monthly basis

In March, temperatures increase so mild cooling and cooling need increase,
which are 54% and 7% respectively, dehumidification is 5% and natural
ventilation requirement is 34% of the operating hours in this month. No heating
is required in this month. In April temperature increases more, and cooling need
is further increased accordingly which is 69%, mild cooling is 29%, natural
ventilation is only 2% of the operating hours. No need of dehumidification and

heating in this month.

May is the hottest month of the year, so cooling is maximum required in this
month and it is 95% which is more than any other month of the year. Mild
cooling is 5%. Ventilation is not advised as of hot air from outside will bring in
heat and in this month there is no need for dehumidification. No heating is
required in this month. In June temperature is slightly lower than May so
cooling is also decreased and it is 69%, mild cooling is 19%, cooling and
dehumidification is 7% and dehumidification is only 5% of the operating hours.

No heating and natural ventilation is suggested in this month.

In July humidity increases so dehumidification is also increased and it is 33%.
July is also a little hotter month so cooling and dehumidification is also required
and it is 40%, cooling is 10% and mild cooling is 17% in this month. In August
humidity level are high, so dehumidification is mostly required in this month
and it is 59% which is more than any other month. Cooling and

dehumidification is 27% and mild cooling is 14%. In September mild cooling is

31



Study of Thermal Comfort for Office / Institute Buildings Based on CARBSE Tool

estimated for 61%, cooling is 9%, cooling and dehumidification is 8% and only
dehumidification is 22%. In October mild cooling is 93%, which is maximum
than any other months. Cooling is 2% and natural ventilation is 5%. No

dehumidification and no heating in this month.

In November natural ventilation is 42%, mild cooling is 23% and
dehumidification is 34%. In November temperature is mostly in the comfortable
range, so there is no heating and cooling needs in this month. In December
temperature become low as it comes in winter month, so heating is required, but
it is only 1%. The natural ventilation requirement is 93%, which is more than
any other month and dehumidification is estimated about 6% of the operating

hours. Due to cold, no cooling and mild cooling are required in this month.

3.5. Percent distribution of estimated operation modes for daytime
spaces

Figure 5 shows the percentage requirement of different estimated modes for

comfort for day time spaces such as offices/institutes over the year in Kota. It

can be seen that heating required is only 1% which is minimum, cooling and

dehumidification is required for 7% of the time, dehumidification required is

15%, cooling is 22%, mild cooling required is 27% and natural ventilation

requirement is 28% of the duration.

M Heating
Cooling and Dehum
B Dehum
H Cooling
H Mild Cooling
B Natural Ventillation

Fig. 5. Percentage distribution of estimated operation modes for daytime spaces
in Kota
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4. DISCUSSIONS AND SUGGESTIONS

From the results shown in figure 1-5, it is clear that for daytime spaces in Kota
region the buildings need to be operated in modes such as for heating,
ventilation, cooling and dehumidification to achieve thermal comfort. The need
for heating is very less, only 1% of the time duration, so some passive
arrangements may be made such as keeping doors and windows closed in
winters so that cool air cannot enter from outside to inside. Windows should be
provided in the south direction to take advantage of solar heat. Solar radiation
should be allowed to enter the building and glass windows should be used to
trap solar heat inside. Insulation on walls and roof may also be used, but may
add to cost and may trap heat in summers [15].

As heating requirement is less for the Kota region so it is not feasible to put
expenses in costly measures and retrofitting for heating of the building, instead
it is advisable that people wear warm clothes and low cost passive measures are
adopted.

There are many ways to cool house actively and passively, both air conditioners
and evaporative coolers are common methods which are generally used for
active cooling. Cooler is only effective where humidity is not much but in
humid climate conditions air conditioners are better option. There are many
ways for passive cooling of buildings which include insulation, using the high
reflectivity coating on walls and roof. Major heat gain in buildings is from the
roof and walls, so appropriate passive measures should be selected to reduce
heat inflow from roof and walls [16].

Using paint of light color is helpful to some extent as light color absorbs less
radiation. Garden on the roof is also a useful method of cooling. Using earthen
pot inversely on roof is other method of cooling. Using shading with overhang,
awnings, curtain and trees to block the sun is beneficial too. Other passive
methods are solar chimney, heat exchanger, evaporative cooling, etc., but these
methods are not much feasible for existing buildings. Earth sir tunnel and heat
exchanger technique may not be suitable in Kota region because Kota has rocky
land where installation of heat exchanger is difficult.

The courtyard is also an important building design element, which supply fresh
air and day light. Low emissivity coating or application of some
reflective/absorptive films on window glazing is another method to reduce solar
gain or glare. In hot and dry climate window, size should be less or it should be
externally shaded to avoid entry of solar radiation. These passive cooling
strategies may only provide mild cooling and reduce cooling load to some
extent, but if more cooling is, required then active measures need to be adopted
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such as air conditioners and evaporative coolers. Use of passive measures with
active measures will improve thermal comfort with less energy consumption, so
for cooling needs (22% of operating hours) both measures should be utilized.

From the results, it can be seen that for daytime spaces in the Kota region
natural ventilation requirement is maximum. Arrangements should be made for
natural ventilation like cross ventilation so that hot air can easily go out and
cool air can come in, courtyard and operable windows may be provided [16].
Operable openings and windows have advantage that these allow control on
ventilation and entry of solar radiation into the buildings. In the summer when
there is need to keep them open, they may be kept open and in winters when
there is requirement to pack houses, they may be closed.

The dehumidification combined with cooling, and dehumidification
requirements are 7% and 15% respectively in Kota region as per figure 5.
However, these requirements are not high but are still needed for enhanced
thermal comfort. There are some passive methods to dehumidify the building
such as by improving ventilation, by absorbing moisture through the container
of desiccant, covering exposed soil in the indoor plants or putting them outside
the rooms, in humid conditions.

5. CONCLUSIONS

From the study, it can be concluded that for daytime spaces such as for offices
and institutes in Kota region there is a need for improving thermal comfort as
out of total daytime operating hours (3650 hours) over the year, only 1057 hours
lie in the comfort zone. Major operation requirements for enhanced thermal
comfort in office buildings are for natural ventilation (28%), mild cooling
(27%) and cooling (22%). For cooling, passive measures may be used which are
low cost and can be applied in existing buildings such as light paint, shading,
gardening, high reflective coating, low emissivity coating windows, ventilation
etc. to reduce the energy consumption and to enhance thermal comfort.
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ABSTRACT

The need of fresh water is vital for human survival and fulfillment of demand has
become serious concern in countries having limited water resources. Large amount of
water from industries is wasted daily all over the world, which can be reused by proper
water treatment. This present work discusses the methods of waste water treatment
using filtration and solar distillation methodology. The samples of industrial waste water
were collected from chemical and fertilizer industry in Kota, Rajasthan. The pH, TDS
and dissolved oxygen values of waste water samples and water after treatment was
tested and results of different waste water samples are reported. Ammonia, cement and
carbide waste water samples having TDS 310,510 and 268 PPM were treated using
filtration and solar distillation methods. The treated water after filtration had TDS
274,460 and 208 PPM respectively. The treated water after solar distillation had TDS
107, 288 and 98 PPM. The obtained values of TDS, pH, and dissolved oxygen after
combined treatment of filtration and distillation are close to standard values required for
potable water.

Keywords: Filtration, solar distillation, total dissolved solids, waste water, water
treatment
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1. INTRODUCTION

About seventy percent of the earth is covered with water but only one percent of
it is potable water. This one percent water resource is renewed by rainfall and
other methods. Demand of fresh water per capita is increasing day to day and
available resources are limited and this will create big crises in future for the
world. Due to rapid enhancement in population exploitation of natural resources
and degradation in environment is happening all over the world. To fulfill of
needs of large population industrial development is scaled up by all countries
that is creating a large amount of industrial waste water daily. This industrial
waste water should be treated and reused in different needs to reduce load on
natural water resources [1]. The most available natural resources of water are
ground water, surface water and rain water [2]. Salinity of surface water is
increasing due to intrusion of seawater near coastal areas. It leads to higher
amount of nitrate and pesticide in surface water supply chain [3]. Industrial
waste water basically includes chemical waste, sewage water and other wastes
from various manufacturing processes [4]. The major contaminants in waste
water are suspended solids, nutrients, organic and inorganic compounds and
heavy and toxic metals. This waste water mixed with natural resources not only
affects human life but also has adverse effects on aquatic ecosystem. Due to
long term direct or indirect contact of such wastes may cause health issues and it
may lead towards serious diseases [5].

Waste water treatment method depends on various factors like kind of pollutant
presence in waste water, characterization of waste water and selection of
treatment technology [6]. The conventional method includes chemical process
treatment and which may lead to further chemical waste. General methods are
coagulation, filtration, incineration, ozonation, chlorination, chemical oxidation,
flocculation, adsorption, reverse osmosis, ion exchange, distillation, electrolysis,
etc. [7]. After waste water treatment, product water can be used in industries in
various activities like heating, cooling, as solvent, as carrier of raw material and
for manufacturing goods. The quality of water after water treatment should be
close to the freshwater quality as possible. According to American Public
Health Association, water quality must be expressed in terms of use as well with
the sensory, physical, biological and chemical parameters|8].

Any kind of biological, physical or chemical substance present in water leads to
reduced water quality. After treatment waste water should be tested in
laboratory for quality check. Water having some contaminates and not
appropriate for drinking purpose can be used in washing, bathing or irrigation
purpose. Diseases like diarrhea, cholera, organ damage, mal-nutrition are
spreading in under developed countries due to poor supply of fresh water [9-11].
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Aravind M. A. and Rahna L. stated on their result that coir pith is effective in
removing of the BOD, COD and helps to brings down the conductivity of waste
water [12]. Shivang Sharma et. al. claimed in their study that rice husk is a low
cost material which can be used in efficient bacterial deactivation process [13].
R. Priyanka and Sri M. Vagish collected water samples from Mandakki Bhatti,
Davangere, Karnataka area and used natural filteration process using coconut
shell, activated carbon, rice husk, sand and pebbles on a simple glass made filter
design. In the filtered output water sample testing results they got 5.7 mg/L
dissolved oxygen (D.O.), 7.1 pH value and 382 PPM total dissolved solids
(TDS) values which are near to standard values required for potable water [14].
Sadon, F. N. et al explained in their work that rice husk has ability to filter
heavy metals like Fe, Mn, Zn, Cu, Cd, and Pb with 90 to 100% efficiency. It can
also be used to absorb different kind of dyeing agent during filteration process
[15]. A. Carmalin Sophia et. al. experimental results explained that rice husk
carbon is highly efficient compared to others in removal of E.coli with around
99% efficiency [16]. V. Kiruba Devi et. al. used solar distillation for waste
water treatment and by testing of output samples they concluded that the values
of D.O., pH, TDS are near for reuse the water in industrial or other purpose
[17]. R. Asadi et. al. used industrial and sanitary waste water samples with solar
distillation for waste water treatment process. They stated in their results that
solar still is helpful technology to removing organic and inorganic contaminants
from waste water with low cost. It can also remove bacteria from waste water
[18].

Present work is an attempt to investigate the effectiveness of natural filtration
and solar distillation in a combined manner for industrial waste water treatment.
This work is different from the previous works as it includes both the methods
for waste water treatment. It uses natural form of rice and coconut husk fiber for
filteration process and more efficient design of solar distillation still with
pyramid shape. Here details of the experiments and the results obtained related
to pH, TDS and dissolved oxygen are reported and compared.

2. WASTE WATER TREATMENT EXPERIMENTAL SETUPS

The present work focused on study of industrial wastewater treatment by natural
filters and solar distillation. Three different samples were taken from industrial
units and were treated with help of natural filters and solar distillation stills.
Various parameters such as pH, dissolved oxygen and total dissolved solids
were determined at different steps. For natural filters the materials used were
rice husk, activated carbon and coconut fibres. For solar distillation, pyramid
shaped solar distillation still has been used as yield of pyramid solar still is
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better than double slope solar still. The experiments have been conducted on the
waste water taken to first observe the effect of filtration and then as a second
step solar distillation of the filtered water was done.

2.1. Filtration

It is a process of removing contamination from waste water using physical,
chemical and biological process. The filtered water can be used as drinking
water, irrigation purpose, swimming and ponds water and other general
domestic and commercial work as per quality requirement. The major filters we
generally use are activated carbon filter, reverse osmosis, alkaline/water ionizer,
UV filter and infrared filter.
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Fig. 1. Activated carbon, rice husk fibre and coconut fibre respectively
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In this experiment setup activated carbon, rice husk fibers and coconut husk
fibers are used for filtration. Granular activated carbon (GAC) is generally used
for removal of residual disinfectants and organic contaminant from water
supply. This helps to improves tastes and reduce health hazards. Due to
multifunctional nature of this technique it is widely used. Natural fibers like rice
husk and coconut husk are generally used in polymer industries[19].

S

Input Waste Water

— Filter Paper
Coconut Husk Fiber (50 gm )

Activated Carbon (50 gm.)

Rice Husk Fiber (50 gm )

\—\—.
\—4‘,«/ Clamp

Glass Flask Filter o o ——Vacuum Control

Filtered Output Water

Fig. 2. Schematic and actual image of waste water filtration using
activated carbon, rice and coconut husk fiber
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The waste water samples of ammonia, cement and carbide from chemical and
fertilizer industry at Kota, Rajasthan are used for the experimental work. 100
ml sample of water is taken for testing. 50gm. of each activated carbon, rice
husk and coconut husk fiber is used as natural filter. The results of the values
before and after filtration are shown in table 1.

Table 1. Experiment observation of filtration water treatment

Sr Waste Before Filtration Reading After Filtration Reading
" | Water

No. TDS D.O. TDS D.O.

Sample pH pH
(PPM) (mg/L) | (PPM) (mg/L)

|| Ammonia g, 870 | 13 274 830 | 25
(NHa)

2 Cement 510 10.40 2.5 460 10.10 | 54

3 Carbide 268 10.62 3.6 208 10.30 | 5.9

2.2. Solar Distillation

Solar distillation helps to get purified water from waste water. This is one of the
best choices of water purification in remote areas where other option availability
is rare. This distilled water with adequate level of qualities can also be used in
batteries and hospitals. In the solar distillation process water is evaporated by
absorbing solar radiation and separated from dissolved solids. Further, it is
condensed and collected as potable water.

In general dissolved solids, water hardness (calcium, magnesium and other
mineral compounds), molybdenum and selenium, nitrates and chlorides, arsenic,
fluorides and heavy metals etc. can be removed efficiently using solar
distillation approach [20]. The removal efficiency of bacteria and viruses using
solar distillation is up to 99.9%. It should be considered that volatile organic
compounds like petrol and alcoholic compounds cannot be removed as
efficiently as others. In such case activated carbon filter process is
recommended [21].

The same waste water samples of ammonia, cement and carboid from chemical
industry in Kota, Rajasthan are used for this experimental work. The output
distilled water is collected in separate bottles and then samples of each
experiment are tested to get TDS, pH, D.O. (dissolved oxygen) values. Solar
radiation and temperature is measured using pyranometer and digital
thermometer. The experimental observations related to solar distillation are
presented in table 3.
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Table 2. Design parameters of solar distillation still

Sr. No | Parameter Pyramid type Solar
water distillation
1. Base area of inner box 50 cm x 50 cm
2. Aperture area of inner box 46 cm x 46 cm
3. Base area of outer box 50.2 cm % 50.2 cm
4. Aperture area of outer box 3025 cm’
5. Height of inner box 15cm
6. Height of inner box with absorber plate 15 cm
7. Height of outer box 152 cm
8. Height of glass center from absorber surface 30 cm
9. Glass inclination angle 30°
Pyramid Shaped

Glass Cover

30 cm

{—— Stand Table

) Water Input

Distilled Water Output|

Output Water Collection

Fig. 3. Schematic of distillation still and distillation of waste water after

filtration
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Table 3. Experimental observations for distillation of waste water after filtration

Waste Water After Distillation
Sr. | Temp. xa:te Sample Reading Reading
No. | (°C) ¥ rps D.O. | TDS D.O.

Sample pH pH

(PPM) (mg/L) | (PPM) (mg/L)
1 30.2 Ammonia | 310 8.70 1.3 107.00 | 7.70 | 2.80
2 30.3 Cement 510 1040 | 2.5 288.00 | 8.50 | 7.90
3 30.5 Carbide 268 10.62 | 3.6 98.00 7.90 | 9.90

3. RESULTS AND DISCUSSION

Results obtained from both experimental set-ups for the ammonia, cement and
carbide waste water samples are presented below in fig. 4, 5 and 6. From Fig.4,
5 and 6 it can be seen that the the TDS and pH value is reduced and D.O. value
is increased after water treatment by filtration and distillation.

600 -
500
400
300
200
100

0

TDS (PPM) TDS (PPM) TDS (PPM)

Sample Waste Water After Filtration Reading | After Distillation Reading

= Ammonia (NH3) Waste Water Sample = Cement Waste Water Sample
= Carboid Waste Water Sample

Fig. 4. Comparative TDS value before and after water treatment

It can be seen that for ammonia waste water sample the initial value of TDS was
310 ppm, pHwas 8.7 pH and D.O. was 1.30 Mg/l. After natural filtration the
value was 274 ppm, 8.30 pH and 2.50Mg/L. and after solar still distillation the
value became 107 ppm, 7.70 pH and 2.80 Mg/L. Overall the Total Dissolved
Solid value reduced to 34.50 %. For cement waste water sample TDS was 510
ppm, pH was 10.40 pH and D.O. was 2.50 Mg/L. After natural filtration the
value was 460 ppm, 10.10 pH and 5.40 Mg/L after solar still distillation the
value became 288 ppm, 8.50 pH, 7.90 Mg/L. Overall the Total Dissolved Solid
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value reduced to 56.5 %. For carbide waste water sample initially TDS was 268
ppm, pH was 10.62 pH and D.O. was 3.60 Mg/L. After natural filtration the
value was 208 ppm,10.30 pH and 5.90 Mg/L and after solar still distillation the
value became 98 ppm,7.90 pH and 9.90 Mg/L. Overall the Total Dissolved
Solid value reduced to 36.56 % .

12,00 -
10,00
8,00
6,00
4,00
2,00

0,00
pH

Sample Waste Water After Filtration Reading | After Distillation Reading

= Ammonia (NH3) Waste Water Sample = Cement Waste Water Sample

= Carboid Waste Water Sample

Fig. 5. Comparative pH value before and after water treatment
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Sample Waste Water After Filtration Reading | After Distillation Reading

= Ammonia (NH3) Waste Water Sample = Cement Waste Water Sample

= Carboid Waste Water Sample

Fig. 6. Comparative D.O. value before and after water treatment
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4. CONCLUSIONS

The results of the experiment show that natural filtration and solar distillation is
helpful in waste water treatment. The Total Dissolved Solid (TDS) value
reduced by 34.50 % for ammonia plant waste water, Total Dissolved Solid
value reduced by 56.5 % for cement waste water, and Total Dissolved Solid
value reduced by 36.56 % for carbide plant waste water. The obtained values of
TDS, pH, and dissolved oxygen after combined treatment of filtration and
distillation are quite close to standard values required for potable water. The
results indicate that the combined use of natural filtration and solar distillation
can prove to be a promising option for waste water treatment. This research will
help to lay down the foundation of future work in the field of waste water
treatment; further work is required for estimation of yield and time duration for
up scaling of the system.
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ABSTRACT

This article reports the experimental study of the electrical output of the solar PV panels
in the form of current and voltage values with and without cleaning of the panels.
Experiments were performed with three identical 40 watt solar PV panels placed on the
rooftop for on-field observations. One panel was not cleaned, second was cleaned with
an air blower and third was cleaned with water. Current, voltage and temperatures of the
panels were recorded along with the ambient air temperature and global solar radiation.
Results show that the current and voltage values are higher for the water cleaned panel,
followed by the air cleaned panel. The temperatures are generally higher for the unclean
panel, followed by blower cleaned and then the water cleaned panel. There is a
difference of about 2W power output between the water cleaned and unclean panel, with
water cleaned panel on the higher side. This accounts for about 5% of the power
capacity of the panels.

Keywords: Cleaning, Current, Power, Solar PV Panel, Solar Radiation, Voltage
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1. INTRODUCTION

Electricity production from solar PV power plants is gaining momentum
worldwide on account of being pollution free option. The performance of the
PV module depends on the magnitude of solar radiation as well as
environmental impacts such as humidity, rainfall wind etc. Another major
limitation is decrease in output yield due to dust deposition. When dust particles
are deposited on photovoltaic modules, they interfere by scattering light and
reducing optical transmittance. J.Z. Casanova et. al. [1] carried out a study at the
University of Malaga to identify the energy losses due to the gathering of dust
on the surface of the solar PV modules. The study reports that around 4.4% of
average daily energy reduction over a year may occur due to deposition of dust
on the surface of the PV modules. The average daily energy losses can increase
upto 20% if there are no rains for long periods. Z. A. Darwishet. al. [2]
presented a review on impact of dust on the solar PV system performance.

A. Sayyahet. al. [3] presented a review covering studies on dust on solar
systems as early as from 1942 to 2013. A. Rao et.al. [4] investigated the loss in
performance in PV system due to deposition of dust through an outdoor and
indoor experimental test bed. The experiment consisted of dynamic study of the
I-V characteristics of the PV panels with change in soiling state. The results
indicated that short circuit current was more impacted than the open circuit
voltage of PV systems, the effect was pronounced in indoor setup in the range
of 30-40%, whereas it was 4-5% in the outdoor set up. M. R. Maghami et.al.
[5] reviewed the performance effects and the power loss in solar panels due to
dust deposition. B.

Aissaet. al. [6] reported a study on the structural and physical properties of the
desert-dust particles in the State of Qatar. J. Tanesabet. al. [7] checked the
seasonal effect of dust on performance of PV module with case study on Perth,
Australia and NTT, Indonesia. A. Hussain et. al. [8] conducted a study on dust
samples collected from different sources and the SEM image analysis was
carried out for seven types of dust samples. C. Fountoukiset. al. [9] investigated
the effect of deposition of atmospheric dust onto photovoltaic modules using
both field measurements and modeling for arid region in Qatar.

J. Tanesabet. al. [10] studied degradation of PV modules consisting of
polycrystalline silicon (pc-Si), mono-crystalline silicon (mc-Si), and amorphous
silicon (a-Si).with dust of different morphologies at Babuin, Indonesia and
Perth, Australia.There are different ways and studies going on for identifying
efficient cleaning mechanism for solar PV. D. Deb and N. L. Brahmbhatt [11]
reviewed the various methods to mitigate soiling and studied a variety of
cleaning solutions. On the basis of this study, the appropriate cleaning
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mechanism can be selected for the solar PV panels depending on the location
and the surrounding environment of the installations.

Work has been done at II'T Mumbai [12, 13] by collecting and investigating the
soil samples from six different geographic locations of India. It was found that
the energy loss due to soiling on a silicon solar cell with Mumbai dust (17.1%)
was about twice that of Jodhpur dust (9.8%). Highest spectral loss was observed
for the dust collected from Mumbai, followed by Pondicherry, Agra, Hanle,
Jodhpur, and Gurgaon. On comparison it was observed that for same type of
dust the amorphous silicon (17.7%) was worst affected, followed by cadmium
telluride (15.7%), crystalline silicon (15.4%), and CIGS (14.5%) module
technology. A novel method has been suggested for cleaning Solar PV panel
using ambient moisture [13].

During literature review, it is noticed that for India few works have been
reported regarding the issue of impact of dust on solar PV outputs. Therefore,
the present work has been undertaken to study the impact of simple cleaning
mechanisms on electrical outputs of solar PV panels. The study reports the
experimental results for current and voltage of the unclean and cleaned solar
panels with solar radiation and temperatures.

2. EXPERIMENTATION

Three solar panels of power 40 watt were taken and were placed on stands. The
experiments were performed at the rooftop of University of Kota. The
experimental arrangement was as follows: One panel was not cleaned during the
experiment, second solar panel was cleaned with blower air and the third solar
panel was cleaned with water. Cleaning with water was done using drip system
which used very less amount of water. The cleaning was done initially at 10
a.m. and then at around 1 to 2 p.m.

Fig. 1. On-field experimental set up at rooftop with three solar panels each of
40W placed on stands
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The various instruments used during the experimental observations were
pyranometer, weather monitoring system, digital multimeter, anemometer,
digital thermometer and thermocouples. During the experiments, the values of
current, voltage, temperatures of the three solar panels were recorded along with
the ambient air temperature and global solar radiation. Kipp and Zonen CMP10
pyranometerhas been used to record the global solar radiation during the
experiments. The observations were taken with the Indian standard time and are
reported here in form of graphs.

3. RESULTS AND DISCUSSION

The observations have been taken for the three solar panels placed at the rooftop
of the University of Kota for several days; here some representative
observations are presented. The observations for current, voltage and
temperature profiles with solar radiation are shown in fig. 2-4 for 19" April.
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Fig. 2. Current of PV panels with standard time (19™ April)

From the figures 2 and 3 it can be seen that the current and voltage values for
the water cleaned panel are highest, the corresponding values are lowest for
unclean panel whereas the values for the air blower cleaned panel lies in
between. The panel temperatures are highest for the unclean panel, and lowest
for the water cleaned panel as can be seen from figure 4. The point to notice is
that the temperatures of all the three panels are greater than the ambient
temperature during the experiment duration.
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The experiment was again repeated after a day. The observations for current,
voltage and temperature profiles with solar radiation are shown in Fig. 5-7 for
21% April. Here from this figure also it can be seen that the current and voltage
values are higher for the water cleaned panel and the temperatures are lower in
comparison to the air blower cleaned and unclean panels.
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Fig. 5. Current of PV panels with standard time (21* April)
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Further, the observations for current, voltage and temperature profiles of the
solar PV panels with solar radiation are shown in Fig. 8-10 for 23" April and in
Fig. 11-13 for 25™ April. Comparing the figures for 23" and 25" April, it can be
seen that solar radiation is higher on 25"™ April and therefore clear difference in
the values of current, voltage and temperatures for the three solar panels is
evident. Figures 11-13 clearly indicate that current and voltage outputs are more
for the water cleaned panel. Current is higher by around 0.05 A and voltage by
around 0.7 V.
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Fig. 8. Current of PV panels with standard time (23" April)
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Fig. 12. Voltage of PV panels with standard time (25" April)

From the figures 2-13, it is clear that the current and voltage values are higher

for the water cleaned panel as compared to the blower cleaned and the unclean
panel, whereas temperatures are higher for the unclean panel. Due to cleaning

around 2 W of power output maybe increased for the water cleaned panel as
compared to the unclean panel, which is about 5% of the power capacity of the
panels (40W). Here, it is important to note that there is effect of both cleaning
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and cooling involved which results in more power output as while cleaning with
water, the temperatures of the solar panel decrease slightly which results in
slightly increased voltage as compared to unclean panel.
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Fig. 13. Temperature of PV panels and solar radiation with standard time
(25" April)

From the present study, it is clear that around 5% of power output may be
increased with appropriate solar PV panel dust cleaning method. These values
of power will become significant when MW capacity solar power plants are
considered. There are various methods for cleaning solar PV panels such as
manual, robotics, superhydrophobic and superhydrophillic coatings. Further
detailed studies are required to estimate the power loss and financial loss due to
dust deposition. Identification of cost effective dust cleaning mechanism for
solar power plants installations in different locations in India and world is
needed. Future work will address these issues.

4. CONCLUSION

Experimental study was carried out to compare the electrical outputs in the form
of current, voltage and power for air-blower cleaned, water cleaned and unclean
solar PV panels. Through the experiments, it is concluded that current and
voltage values are higher for water cleaned panel for all experiment duration. A
difference of about 2W in output power between water cleaned and unclean
panel was observed, which is about 5% of the power capacity of the panels
(40W). The increased power output for water cleaned panel is on account of
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both cleaning and cooling, which is also reflected from the temperature profiles
of the panels. The temperature of water cleaned panels is usually lower than the
air blower cleaned and unclean panel. There is scope for further work to
extensively study the cleaning and cooling effect of water cleaning of solar PV
panels on power outputs and develop suitable correlations and models for
Rajasthan, which has highest solar power potential in India. Studies on
identification of appropriate cost effective dust cleaning mechanisms for
different locations of the world are also required.
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ABSTRACT

The article describes the design-development and experimental studies of a solar PV
based evaporative air cooler. The solar air cooler has been designed with a DC pump
(36 W) and DC motor (36 W). Experiments have been conducted with different wattage
solar panels (75W, 100W and 115W) connected to air cooler. Solar charge controller
and battery are added to the system for reliable operation. Several experiments were
conducted on the developed solar air cooler to assess its performance with different
solar panels, with and without battery and with and without tracking. The combination
of 40 W and 75 W panel (115 W) with manual tracking without battery backup worked
well for the developed solar cooler for 7-8 hours during clear summer days. The solar
cooler worked from 10 a.m. in the morning to 5:00 p.m. in the evening. Experiments
indicate that a solar panel of power higher than 115 W would work well for the solar air
cooler. The cooler can run for around 7-8 hours without battery and battery can provide
back up for around 3-4 hours.

Keywords: DC cooler, Evaporative air cooler, Solar air cooler, Solar PV panels,
tracking
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Design, Development and Experimental Study of Solar PV Air Cooler

1. INTRODUCTION

In hot climatic conditions the need to feel relaxed and comfortable has become
one of few needs. Presently most of the cooling systems available are not
suitable for villages and remote areas due to longer power cut durations,
unavailability of electricity and high cost of products. To improve the quality of
life and promote sustainable development it has become essential to meet the
increasing power demands in environmentally clean and affordable manner.
Solar energy is a favorable option as it can be used for various applications,
even as standalone system in remote areas.

Evaporative air coolers work well in hot-dry climatic zones with minimum
energy expenditure. A solar based evaporative air cooler can be helpful in
improving thermal comfort conditions in hot-dry areas where grid electricity
supply is not present or not regular. A study has been reported by S. Elmetenani
et.al. on solar based evaporative air cooler in Algerian climate. The results
showed that the maximum depression of the dry bulb temperature reached is
about 18.86°C [1]. Design and performance analysis of a small solar
evaporative cooler with minimum energy consumption of 10 W has been
discussed by H. Lotfizadeh and M. Layeghi [2]. A solar air conditioner
consisting of a liquid evaporation unit, a heat exchange unit, and a solar power
generation unit was patented by H. S. Emam [3]. Solar air conditioning system
directly driven by stand-alone solar PV has been studied by Bin-Juine Huang
et.al. [4].

Six solar air conditioners with different sizes of PV panel and air conditioners
were built and tested outdoors to experimentally investigate the running
probabilities of air conditioning at various solar irradiations. G. F. Abdullah
studied techno-economic optimization of the size of the components comprising
an solar PV system powering evaporative air cooler and heat pump water heater
to meet the demand of a typical Australian house model for two different
climates [5]. Experimental studies of a direct evaporative cooler with two
different cooling pads based on actual weather data in India has been reported
by D. Bishoyi and K. Sudhakar [6]. R. Opoku et.al. studied the performance of a
hybrid solar PV-grid powered air conditioner for daytime office cooling in hot
humid climates with a case study in Kumasi city, Ghana [7].

There have been very few scientific works reported on low cost solar cooling
options for remote households/shops. Therefore, present work aimed at
systematic scientific study of design-development of a solar air cooler and its
on-field testing for performance. The design of the system is described and
performance observations have been reported for several days for different
panels, with and without battery and with manual tracking.
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2. DESIGN DETAILS OF DEVELOPED SOLAR AIR COOLER

The developed solar air cooler consists of a DC motor and a DC pump
assembled inside cooler body. Solar panel, charge controller and battery form
the rest of the system’s part. The specifications for the developed cooler are
presented in Table 1. The specifications of the components used with the cooler
are presented in Table 2 and Table 3 and the schematic diagram of cooler is

shown in Fig.1.

SOLAR PV PANEL

CELLULOSE —
PAD

18 GAUGE GI

SHEET

Fig. 1. Schematic figure of the developed solar PV air cooler

Table 1. Developed solar air cooler specifications

Operating Voltage 12V

Operating current 6 Amp

Power 72 Watt

Load DC

Required Solar Panel ~120 Watt
Battery 26 A, 12 volt
Charge Controller 10 Amp, 12 Volt
Wiring Copper wire SWG 40/48
Control Type Switch

Switch Two way 10 Amp
Air Flow 5.20 m/s

RPM 1600

Speed Variable

Noise < 80db

Cover Area ~ 6 sq.m.

Auto Swing Manually

Fan Type Axial

Body Weight 4.5kg

Water Tank 40 Liter

Pad Cellulose
Dimension 52 x 52 %76 cm
Cooler body GI sheet 18 guage
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Table 2. Specifications of DC motor, DC pump and charge controller

e Operating Voltage 12V
e QOperating current 3 Amp
DC Fan Motor e RPM ~ 1200 to ~ 1600
e Weight 490¢g
e Dimensions 13x13x 13 cm
e Operating Voltage 12V
e Operating current 3 Amp
Weigh Plastic, 450
DC Pump * Weight o ] &
e Water Lifting Capacity 1.2m
e Dimension 12.5x 11x9 cm
e Water Output 500 LPH
e Operating Voltage 12V
Operati t 10 Amp (max
Charge Controller ¢ Vperaling curren p ( )
e Port 3
o Weight 150g

A DC pump has been used in the developed system for the circulating water in
cooler for evaporative cooling purpose. The specifications of the DC pump are
reported in Table 3. A Pulse Width Modulation (PWM) charge controller was
used for the protection of the battery from deep discharge and overcharging.
The specifications are presented in Table 4 and it has been shown in figure 5. In
solar air cooler a secondary type battery has been used, which is shown in figure
6. This battery has specifications of current rating 26 Ah and the voltage rating
12 Volt, total power of the battery is 312 Watt. The basic purpose behind using
the battery is to provide smooth operation to the solar air cooler because PV
panel does not provide fixed range of current and voltage due to variation in
solar radiation. In solar air cooler project a two core 40/48 gauge copper wire is
used, this wire was coated with insulating material Polyvinyl Chloride (PVC).
The length of wire taken was 12 meter as solar PV panel was placed on the roof
of the Kota University academic block. In the developed solar air cooler a
cellulose pad is used. The cooling efficiency of this pad is more as compared to
the traditional (grass type) pad, and the maintenance of this pad is also less as it
needs replacement after 2 or 3 years.

For the experiments different range of PV modules are used with developed DC
air cooler, which are 40 Watt, 75 Watt and 100 Watt. The modules used are
polycrystalline silicon modules. The detailed specifications of these modules are
presented in Table 3.
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Table 3. Specifications of panels

Parameter Rating

Rated maximum power (P,,) | 100 Watt 75 Watt 40 Watt

Serial No. (SM- Solar ) SM10002171342 | SM07502171797 | SM04001170847
Open circuit voltage (V,.) 2197V 21.72V 2137V

Short circuit current (I.) 6.07 A 4.6 A 25A
Temperature of panel 25°C 25°C 25 °C

Rated voltage (V ypp) 1746 V 17.33V 17.18 V

Rated current (I,,,) 573 A 433 A 2.1. A

3. ON-FIELD EXPERIMENTS

The experimental studies to analyse the performance of the developed system
have been conducted at Kota, Rajasthan, India (25.18°N and 75.83°E). The
climate of Kota is hot and dry. The summers here are long, hot and dry, starting
from late March till the end of the September month. The average temperatures
during day go above 40°C in May and June and frequently exceed 45 °C, with
temperatures as high as 48.4 °C have also been recorded.

The experimental setup for testing solar air cooler was at the academic block
Nagarjun Bhawan of University of Kota. The various instruments used during
the experimental observations were pyranometer, weather monitoring system,
digital ~multimeter, anemometer, tachometer, digital thermometer,
thermocouples and sound level meter. Kipp and Zonen CMP10 pyranometer has
been used to record the solar radiation during experiments. The cooler was
tested with 75 W, 100 W and 115 (40+75) W panels. The results of the
observations have been reported in Tables 4-10. The experiments were
performed on several days; here some representative observations have been

presented.

4. RESULTS AND DISCUSSION

Experimental observations related to experiment performed on 3™ April with 75
watt, charge controller and battery connected with the DC air cooler are
presented in Table 4. The solar panel was placed in south direction with the
angle of inclination of 45°. At 2:30 PM battery started to show low indication so
cooler was stopped. The experiment was repeated with the panel of 75 W but
this time instead of keeping orientation of the panel fixed, it was manually
tracked three times. Initially the module was in South-East direction, at 12 PM it
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rotated manually in South direction, after three hours at 3 PM it was rotated to
South-West direction. The observations are presented in Table 5.

Table 4. Observation Table for 75W Module 3" April (With battery)

Time S A\ I, T, T Vsca Ugca N
(h) (Wim?) | (V) | (A) | (°C) | (°C) | (m/s) | (m/s) | (rpm)
11:30 AM | 934 20.0 | 4.31|38.1|34.1]|373 | 1.06 | 1400
12:30 PM | 977 19.97 | 4.57 | 39.6 | 33.3 | 3.74 | 1.22 | 1504
1:30PM | 936 19.60 | 4.51 | 39.3 | 31.1 | 3.87 | 1.22 | 1508
2:30PM | 825 19.55 | 4.06 | 39.3 | 30.2 | 299 | 1.11 | 1400

Low battery indication, cooler was stopped.

Table 5. Observations of 75W Module 5™ April with manual tracking (With battery)

Time S Vv, I, Ta | Tse | Ve Ugey N

(h) (W?) | (V) | (A) | (°C) | (°C) | (m/s) | (m/s) | (xpm)
11: 00 AM | 944 200 | 4.31|36.0|34.1 425 | 220 | 1504
12:00PM | 1010 20.2 | 4.67 | 38.6 | 33.0 | 420 | 2.11 | 1600
1:00 PM 1025 19.90 | 4.60 | 39.6 | 32.2 | 4.02 | 1.57 | 1600
2:00 PM 980 20.2 | 4.20|39.3|32.1|3.80 | 1.04 | 1504
3:00 PM 800 20.2 | 4.57 | 38.0 | 32.0 | 2.02 | 0.88 | 1442
4:00 PM 636 20.0 | 430359322202 |0.70 | 1400

Low battery indication, cooler was stopped due to low battery.

Table 6. Observation Table of 100 W Module 10™ April (With battery)

Time S Vv, I, T, Ty Vgca Ugca N
(h) (Wm?) | (V) | (A) | (°C) | (°C) | (m/s) | (m/s) | (rpm)

11: 00 AM | 950 19.70 | 5.52 | 35.70 | 31.7 | 4.25 | 2.22 | 1508
12:00 PM | 1008 19.63 | 6.11 | 36.2 | 31.3 | 4.55 | 2.31 | 1600
1:00 PM 1017 19.56 | 6.13 | 37.70 | 31.2 | 4.55 | 2.10 | 1600
2:00 PM 946 19.75 1 595 | 38.3 | 30.7 | 3.80 | 1.80 | 1504
3:00 PM 805 19.80 | 4.99 | 36.7 | 309 | 2.99 | 1.23 | 1504
4:00 PM 786 19.75 1392 | 36.1 | 31.4 | 2.50 | 0.70 | 1400

Low battery indication, cooler have been stopped due to low battery.
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This observation was taken with the 100 watt module. The module was placed
at 23° inclination angle, the weather was clear and the module was getting
proper radiation. The module was tracked, the panel was in south-east at 11 am,
in south at 12 pm and in south-west direction at 2 pm, but after 2 pm it was not
rotated, so the cooler stopped to run at 4 pm, due to low battery.

Table 7. Observation Table of 100W Module 13" April (without battery)

Time S V, I, To | Tee | Ve | Usen N

(h) (Wim*) | (V) | (A) | (°C) | (°O) | (m/s) | (ms) | (rpm)
11: 00 AM | 969 20.7 | 597 | 36.2 | 31.4 | 4.11 | 222 | 1504
12:00 PM 1006 20.0 | 6.03 | 40.1 | 344 | 432 | 2.11 | 1600
1:00 PM 1002 20.2 | 5.78 | 40.6 | 35.0 | 4.12 | 2.10 | 1508
2:00 PM 860 20.1 | 499 | 404 | 344 | 3.62 | 1.81 | 1504
3:00 PM 680 20.2 | 544|403 | 325|299 | 1.13 | 1504
4:00 PM 446 204 | 446 | 372 | 329 | 2.62 | 0.60 | 1400
Solar air cooler stopped, due to cloudy weather, module output current
decreased suddenly.

This observation was done with 100W panel and the angle was 45°, but the
important thing about this experiment was that the solar air cooler ran without
battery till 4 pm, no battery backup was used. Another important thing to be
noted is tracking, because at 11 am the module face was in south direction, at 3
pm module was tracked completely to the west direction. Due to sudden change
in weather at 4 pm the output current decreased, and the solar cooler was
stopped.

Table 8. (40W+75W parallel connection) Module on 20™ April (without battery)

Time S Vp Ip Ta Tsc Vsca Usca N
(h) (Wm?) | (V) | (A) | (°C) | (°C) | (m/s) | (m/s) | (rpm)

10:30 AM | 877 204 | 581 | 36.2 | 333|411 |2.22 | 1504
11:30 AM | 936 203 | 640 | 38.0 | 34.1 | 432 |2.11 | 1600
12:30 PM | 967 20.0 | 6.57 | 40.0 | 334 |4.12 | 2.10 | 1508
1:30PM | 957 202 | 647 | 41.0 |33.2|3.62 | 1.81 | 1504
2:30PM | 801 199 | 529 | 39.37 | 33.0 | 2.99 | 1.13 | 1504
3:30PM | 650 204 | 523 | 38.0 | 33.1 |2.62 | 0.60 | 1400
4:30PM | 434 204 | 470 | 36.2 | 333 |2.62 | 0.70 | 1400
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In this experiment, two modules one of 75 W and other of 40 W were used.
40W and 75W modules were put in east-south and south west direction and
cooler was running continuously. The tilt angle was kept at 23°. At 3 pm
manual tracking was done of 40 watt panel in west direction because output
current decreased at 4.92 ampere so the pump stopped to push water in air
cooler, after tracking of 40 watt panel the current increased to 5.24 ampere and
cooler ran again. But at 3:30 pm same problem occurred, the current decreased
to 4.82 ampere and pump again stopped to throw water, so 75 watt panel was
also rotated in west direction. But simple moving of panels to south direction
was not enough as the increase in current was small (4.82 to 5.02). Therefore, a
change in tilt angle was done which was from 23° to 30°, suddenly the current
increased to 5.24 ampere and the cooler again started to run and ran till 4:30 pm.

Fig. 2. Parallel Connection of 40W+75W Modules in East-South and South-West
direction

Fig. 3. 40W+75W Module at 3 pm in West Direction with 45° Angle at 21* April
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Table 9. (40W+75W parallel connection) Module on 21* April (without battery)

Time S Vo | I | To | T | Vew | Wea | N
(h) (W) | (V) | (A) | (°C) | (°O) | (m/s) | (m/s) | (rpm)

10:30 AM 881 214 | 591 | 37.8 | 333 | 484 | 2.22 | 1600
11:30 AM | 959 21.0 | 6.44 | 39.2 | 34.1 | 4.67 | 2.11 | 1508
12:30 PM 979 20.6 | 6.66 | 40.8 | 34.6 | 490 | 2.42 | 1600
1:30 PM 943 20.7 | 6.45 | 42.5 | 353 | 3.84 | 1.81 | 1504
2:30 PM 819 20.7 | 5.77 | 403 | 3577 | 299 | 1.13 | 1504
3:30 PM 604 | 20.6 | 588392337 275 | 1.11 | 1400
4:30 PM 455 20.8 | 4.82 | 38.0 | 33.7 | 2.62 | 0.70 | 1400

This experiment was repetition of previous experiment for finding best setup of
direction and angle, without battery backup and charge controller. At 3:30 pm
modules were rotated in west direction with 23° angle, but the output current
was increased just at 5.02 A from 4.84 A, so we changed the tilt angle from 23°
to 45°. The change in tilt angle resulted in increase in output current from 5.02
ampere to 5.88 ampere as shown in observation Table. Tracking of module in
west direction with 45° at 3 pm is the best way of increasing the output current
in clear weather condition.

Table 10. Parallel connected modules (40W+75W) without battery 24™ April

Time S Vv, I, T, Ty Viea Ugca N

(h) (W/m?) | (V) | (A) | (°C) | (°C) | (m/s) | (m/s) | (rpm)
10:00 AM 760 204 | 5.60 | 36.8 | 33.3 | 4.77 222 1600
11:00 AM 902 21.0 | 642 | 382 | 342 | 4.62 2.11 1508
12:00 PM 989 204 | 6.55 | 39.8 | 344 | 4.87 2.09 1600
1:00 PM 943 20.7 | 6.52 | 41.5 | 35.1 3.84 1.81 1504
2:00 PM 820 20.7 | 5777 | 393 | 349 | 2.99 1.10 1504
3:00 PM 604 204 | 5.88 | 38.2 | 33.8 | 2.65 1.09 1400
4:00 PM 455 204 | 475 | 364 | 335 | 2.62 0.70 1400
5:00 PM 402 202 | 4.64 | 347 | 314 | 1.99 0.60 1400

This experiment was repetition of observations as on 21* April. The
observations confirmed that under clear sky conditions the cooler can run from
10 am in the morning without battery continuously till 5 pm in the evening with
slight manual tracking two to three times.
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Fig. 4. Solar cooler air temperature, ambient temperature, solar radiation plotted with
standard time for13™ April
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Fig. 5. Solar cooler air temperature, ambient temperature, solar radiation plotted with
standard time for 20" April
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Fig. 6. Solar cooler air temperature, ambient temperature, solar radiation plotted
with standard time for 21* April
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From the Figure 4 to Figure 7, it can be seen that a reduction of around 5-6 °C
can be achieved with solar air cooler. Solar radiation tends to decrease from
1:00 pm onwards and values reach around 400 W/m® around 4:00 pm. The
direction of sunrays shifts towards west as solar azimuth angle increases,
therefore it becomes important to manually track the solar panel towards south-
west and west direction for appropriate use of solar energy. Further, as the angle
of incidence also increases in the evening, it is desired that the solar panels are
inclined for better reception and absorption of solar radiation.

As mentioned earlier, very few works have been reported about performance of
solar air cooler and there is lack of any work, which clearly demonstrates the
performance variation of the solar air cooler with standard time and tracking
requirement. This work is a step towards filling the research gap. In this work,
an understanding has been developed about the performance variation of solar
PV cooler with different combinations of solar panels, with and without battery,
and with and without tracking. Future work will be conducted to optimize the
solar panel size, battery size according to climatic parameters of location and a
detailed study with and without tracking will be undertaken.

5. CONCLUSIONS

The study reports the design-development and experimental studies of a solar
DC evaporative cooler which may be suitable for rural shops, households in
remote areas. As there is lack of studies on detailed performance prediction of
solar PV air coolers, present work is a small step to enhance understanding
based on the on-field experiments. The cooler uses 36 W DC pump and 36 W
DC motor powered by solar PV panels. A combination of 40 W and 75 W panel
(115 W) with manual tracking for two to three times in a day without battery
backup was found to work well for the developed solar cooler. For the system
to work without tracking, the solar panel capacity should be increased. The
cooler can run for around 7-8 hours without battery on clear summer days and
battery can provide back up for around 3-4 hours. There is scope of further work
to optimize the solar panel capacity, battery back up requirement and tracking
needs for the developed cooler according to the climatic parameters of the
location. Both simulation and experimental studies will be taken up in future to
develop an efficient performance model for solar PV based DC air cooler.
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NOMENCLATURE
I, . Panel current (Amp)
N Rotational speed (rpm)

S Solar radiation (W/m?)

T, Ambient temperature (°C)

Ty Solar cooler air temperature (°C)

Ugeq Solar cooler air velocity at 1 meter distance (m/s)

Vy Panel voltage (Volts)

Vsea Solar cooler air velocity (m/s)
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ABSTRACT

The analysis and study of photovoltaic system is gaining utmost popularity since a
decade. Unlike Conventional source of energy, solar energy is considered more
beneficial because it’s renewable in nature, clean source of energy, abundantly available
and can easily be generated. There is an increase in demand for generation of electricity
even now, due to which researchers are looking for new implementations in the
generation of electricity. The output of Solar Photovoltaic is highly dependent on
quantity of irradiance dropping on the solar cell. Solar energy holds many applications
amongst which Solar Photovoltaic power generation exhibits efficient utilization of
solar energy. Since the efficiency of a solar cell is lesser, MPPT is employed in
Photovoltaic power generation system to track maximum output power irrespective of
irradiance, temperature and electrical load characteristics. In this chapter, MPPT based
step-up(boost) converter topology is implemented. The output of the Photovoltaic is fed
to boost converter as a connection between Photovoltaic and the load to step up the
voltage. The entire operation of step-up converter for Photovoltaic system with MPPT
algorithm is analyzed using MATLAB Simulink Software.
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Design of MPPT Based Boost Converter Topology for Photovoltaic System

1. INTRODUCTION

Energy is needed for a broad range of applications in domestic, industry and
commercial usage. The utilization of energy plays a very crucial role in one’s
life. It leads to nation development. The utilization of energy has become an
integral part of one’s life; its supply of such energy should be fixed and reliable,
economical, environmentally friendly and socially accepted by all. Evolution
and expansion of clean, secure, sustainable and affordable energy sources
should be our priority in this century. In this regard, use of solar energy for the
production of generation of electricity is a prime importance. Solar energy is the
clean and abundant source of energy [1]. Photovoltaic systems are used in
variety of applications from battery charging up to satellite communication.
Photovoltaic modules are installed to supply the power to the load via a
converter. Solar Photovoltaic modules consist of solar cells which are connected
in series according to the module voltage required. Based on the system design
the entire PV can be designed. When Photovoltaic module is directly connected
to a load, the operating point is hardly at maximum power point. The output of
the PV array is connected to DC-DC converter for the sake of Maximum power
point tracking in order to extract maximum power from the cell at a given
irradiance level. The Solar Photovoltaic module is expressed in terms of the
peak power (Wp) output [2].

1.1 Block Diagram

Fig. 1. shows the Block diagram consisting of Photovoltaic panel, DC-DC
converter, MPPT controller & a resistive load. PV panel or the solar array can
be designed in series and parallel combinations depending on the design
requirement. The essential part of photovoltaic system is MPPT controller. The
photovoltaic module finds it difficult to attain maximum power always due to
which MPPT will be installed. MPPT (Maximum Power Point Tracking) is
utilized to match the voltage requirement and the supply efficiently to load by
introducing a voltage converter. The input to MPPT controller can be voltage
and current.

Basically, MPPT algorithm extracts extreme obtainable power from
photovoltaic module under any operating settings. Maximum power point is
defined as voltage at which photovoltaic module can harvest extreme power.
This maximum power produced differs with solar radiation, ambient
temperature and solar cell temperature [4-5].

Module and load interference is provided by DC to DC converters. DC to DC
converters are high frequency power conversion circuits which help in
converting voltage from one level to the other. Such converters produce output
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voltage either greater or lesser than the input voltage. The choice of the
appropriate DC to DC converter depends on the kind of application it is being
used in. There exist 3 types of DC-DC converter topologies. Namely, Buck
(step-down) type, Boost (step-up) type and Buck-Boost type DC-DC converter.
This chapter presents a brief account on PV modules, Boost converter, MPPT
algorithm where the entire working model is simulated on MATLAB/Simulink.
The entire model with the corresponding results is simulated and shown here.

DC-DC
Converter

PV Panel

Fig. 1. Block diagram of MPPT based Boost converter topology for PV system

2. PHOTOVOLTAIC MODULE

Solar cell or a Photovoltaic cell works on a principle of photovoltaic effect.
Once sunlight falls on the surface of a solar cell, flow of electrons will take
place. Therefore, any photovoltaic system comprises of PV modules or array
which converts solar irradiation into electricity. Photovoltaic cells are joined in
series to form a module. Photovoltaic modules are joined in series and parallel
to form an array. Photovoltaic cells are prepared of semiconductor material.

Fig. 2. shows the correspondent circuit diagram of a solar or a Photovoltaic cell.
The electric circuit shown contains a current source which is in parallel with the
diode, shunt resistance Rg,. A series resistance R, is because of the obstruction
in the track of flow of electrons from n to p junction. In this chapter, a PV
module of 1SolTech-1STH-215-P is used. The array has a configuration of two
parallel strings and two series-connected modules per string. It has an open
circuit voltage V,. of 36.3 Volts and a short circuit current I of 7.84A.
Irradiance of the module is 1IKW/m? and cell temperature is 25°C.

7



Design of MPPT Based Boost Converter Topology for Photovoltaic System

RS l

NNN——
I >

’sh

SZ Rsh |74

Fig. 2. Correspondent circuit of a PV cell

The above equivalent circuit of a PV cell is depicted with a Current-Voltage and
Power-Voltage characteristics as shown in fig3. The first plot is current versus
voltage of the cell for different irradiance level. The second plot is power versus
voltage of the cell for different irradiance level. Power is calculated by
multiplying voltage with current in the cell. The red dot on the curve represents
the maximum power point of the cell. The current and voltage at Maximum
power point (MPP) is given by Imp and V.. Since there is a variation in
irradiance and temperature, PV characteristics keeps on varying to which an

MPP is added to track the maximum output power from the panel.
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Fig. 3. Current-Voltage and Power-Voltage characteristics of the solar cell used
in the model

3. DC-DC CONVERTER

DC-DC converters change one level of DC voltage to one more level of DC
voltage. The converter comprises of storing elements like inductor, capacitor,
power devices like transistors, diodes etc. One of the applications of using this
DC-DC converter is in Charge controllers, Maximum power point tracking etc.
The DC to DC circuits are also utilized for noise isolation, power bus regulation
and current boosting.

The three types of converter topology used are:

e Buck(step-down) type DC to DC converter (it steps down the input
voltage)

e Boost(step-up) type DC to DC converter (it steps up the input voltage)

e Buck boost type DC to DC converter (both step up and step down are
possible)

3.1 Boost Converter and its operation

A boost (step-up) converter is a DC to DC converter that provides an output
voltage larger than the source voltage. Hence it is called as step-up converter or
boost converter. In such type of converter the output current is lesser than
source current. Depending on the operating conditions, converter can be
functioned in continuous or discontinuous conduction mode.
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Fig. 4. Ideal Boost (step-up) converter circuit

Fig. 4. shows the circuit of boost (step-up) converter. Boost (step-up) converter
comprises of diode, capacitor, input voltage source, switch, inductor and resistor
which acts as a load. The task of boost (step-up) converter is to enhance the
voltage level. When the switch is in ON state the source delivers energy into the
inductor, diode remains reverse biased and voltage across the inductor is equal
to input voltage. When the switch is in OFF state, the inductor current must
have a path and the diode is forward biased to release the energy stored in the
inductor into the load.

4. MPPT (MAXIMUM POWER POINT TRACKER)

Solar photovoltaic when utilized in a photovoltaic system, we decide its
operational point based on the type of load it is connected to. The incident of
solar radiation on a photovoltaic module differs throughout a day. Since we
need to have the operation of the photovoltaic module under maximum power,
Maximum power point trackers is being employed. MPPT electronic circuitry is
utilized to confirm that maximum quantity of generated power is transported to
the load.

Fig. 5. shows the MPPT Algorithm used in the Simulink model. The maximum
power point tracking is composed of algorithm and electronic circuitry. It is
established on the principle of impedance matching sandwiched between the
load and Photovoltaic module, which attains the required maximum power
transfer. The impedance equalizing is done by utilizing a DC-DC converter. By
using a DC-DC converter, the impedance is matched by varying the duty cycle
of the switch. By measuring the voltage and current from the solar module
power can be deliberated. The power obtained is an inlet to the algorithm which

regulates the duty cycle of the switch, causing in the modification of the
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reflected load impedance with respect to the power output of PV module. In this
chapter, Perturb and Observe (P&O) technique is used as it is a low cost
implementation. P&O algorithm is the meekest method of MPPT to implement.

v_PV] vpv

MPPT _algorithm

1256-8 [ L —pldelta

MPPT

Fig. 5. MPPT Algorithm used in the model

Perturb and Observe (P&0O) method:

e Voltage is detected

e Power output is scrutinized by changing the supplied voltage

e Ag voltage increases, power increases and thereby delta also increases.
While reducing voltage if power surges the duty cycle is reduced.

e The voltage at which MPP is gained we call that as reference point.

S. SIMULATION MODEL

The whole Simulation circuit of the complete work is shown in Fig. 6. and Fig.
7. It comprises of Solar panel, MPPT Block, Boost converter with resistive load.
Maximum power point tracking block regulates the extreme operating point and
permit the gate signal to boost converter where the converter supports to sustain
the operating voltage at the maximum power point. The load has a resistance of
20 ohms. The inductance of the boost converter is 2mH. The snubber resistance
is 500ohms and the snubber capacitance is 250nF.
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Fig. 6. Simulink model of the proposed work
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6. SIMULATION RESULTS

The Voltage that is generated by the PV module is given at the input to the
boost converter for a certain duty cycle. The simulation outcomes of the output
of PV module and the boost converter for the variation in the solar irradiance
are shown below in Fig 8, 9 and 10.

The irradiance of the Photovoltaic module varies with different amount of
insolation level at any given period of time. Temperature is fixed at 25°C. In
Fig. 8. and Fig.9. we can observe that for a irradiation of repeating sequence the
output voltage and current follows the same sequence. The boost voltage is
around 62.5volts. In Fig. 10. we can observe that the irradiation curve is
changed to a bell shape curve and the yield of output voltage and current
interprets the same according to the input with increase in voltage at the output
from the input.
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Fig. 8. Simulation results
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Fig. 10. First figure represents the irradiation curve and the second figure
represents the output voltage and current

7. CONCLUSION

In this chapter, the design and implementation of MPPT based Boost converter
using P&O algorithm was successfully simulated. The entire architecture of the
model is carried out in MATLAB/Simulink software. Since the irradiance level
keep varying for a PV module achieveing maximum power is always tedious,
hence MPPT is added to the system and analyzed to achieve Maximum power
point at any change of solar irradiance with the assistance of boost converter.
Boost converter attains the maximum power point that lowers the array voltage
to the extreme operating point voltage. Therefore, with the help of MPPT
algorithm and boost converter Photovoltaic array topology its is functioned at
maximum power point regardless of solar irradiance.
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NOMENCLATURE

Ip
I
L,

I sh
MPPT

Diode current (A)
light generated current (A)

Current at maximum power

Current through shunt resistor (A)

Maximum power point tracker

Series resistance (ohm)
Shunt resistance (ohm)

Voltage at maximum power
Peak power
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ABSTRACT

Incremental demand for electrical energy and the resulting increase in environmental
problems are the main reasons forcing managers in the energy sector to expand the use
of renewable energy sources in the production of electricity. In the future, the use of
renewable energy systems will be increased and will play a very important role in the
economic indices of power systems. The hybrid energy systems use two or more
renewable energy sources, to increase the reliability and profitability of the installation.
This article proposes a new application of the proportional-integral-derivative (PID)
controller based on genetic algorithms and the P&O method to effectively reach the
maximum power point tracking (MPPT) of solar panel. To evaluate the efficiency and
profitability of the proposed methodology, a comparison study of this method with the
classical P&O method was carried out.

Keywords: Genetic Algorithm, PV panels, MPPT, PID controller, P&O.
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1. INTRODUCTION

The limitation of centralized energy sources opens up a great opportunity for
renewable energy sources which are increasingly becoming a promising energy
solution. Decentralized production systems offer several advantages by allowing
sites or companies to engage in the fight against climate change, to choose the
source of their energy or even to reduce their electricity bill and guarantee better
autonomy of the network. Different methods of optimization have been detailed
in the literature [1-3] [14] [15] as dynamic programming [4], multi-objective
[5], linear programming [6] [7], and metaheuristic method [8] [9] [10].

To increase the efficiency of the photovoltaic system, it is necessary to force the
DC / DC converter systems to operate the point of maximum power, hence the
need to use MPPTs which play a very important role in photovoltaic systems,
they maximize the power of the PV system for variable meteorological
conditions and minimize energy losses and the global cost. Different MPPT
methods have been used and developed to search the maximum power,
observation and a perturbation method [11], which is an easy method, based on
the iterative algorithms, but it present an oscillation problem. The Incremental
Conductance technique (IC) [12], the flow logic control Method (FLC) [13]
which is successfully implemented in the solar panel to tracker the maximum
power. In this chapter a new MPPT method based on the P&O, PID controller
and genetic algorithm is presented, the rentability and the efficiency of this
methodology are successfully studied.

2. PHOTOVOLTAIC MODULE

The site selected for this study is named "MGHILA" and located near BENI
MELLAL (32 © 2022 " N 6 ° 21'39 " W)) with an average altitude above sea
level of 571 meters. The Meteonorm version 7.3.3 database was used to
evaluate the weather conditions of the site. Figure 1 to Figure 4 show
respectively the maximum & minimum values of daily temperature, global and
diffuse irradiation, sunshine duration and the temperature of the site. During the
year, the temperature generally ranges from 6 °C to 39 °C and is rarely below 5
°C or above 40 °C. The very hot season lasts 3 months, from 7 June to 7
September, with an average daily maximum temperature above 30 °C. The
hottest day of the year is 14 July, with an average maximum temperature of 47
°C and a minimum of 27 °C. The average solar radiation varies between 0 and
240 kW/m’.
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3. MAXIMUM POWER POINT TRACKING

The solar energy is the most important source as an environmentally friendly
renewable energy source. The characteristics of the solar model (I-V and P-V),
at different values of temperature and irradiation, are presented below. Figures 5
and 6 illustrate the plots of I -V and P -V for a different values of temperature 0,
25, 50, 75 and 100 °C at a fixed irradiation equal to 1000 W/m®. Similarly,
figures 7 and 8 show the I — V and P —V characteristics for different values of
irradiation 200, 400, 600, 800 and 100 W/m? at a fixed temperature equal to
25°C. The operating point of the photovoltaic system where the maximum
power is reached is called the maximum power point (MPP). The MPP
controller is an essential element for tracking the maximum power point of the

solar panel by varying the duty cycle of the DC / DC converter in order to reach
the maximum power point.
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In this article, the proposed methodology uses the principle of the perturbation
and observation method, the PID regulator and the genetic algorithm to generate
the reference set point dP / dt in order to control the DC / DC converter. Figure
9 presents the MPPT

d P/ d V diagram in the form of a block diagram. The principle of the MPP
relates to the calculation of the slope d P / d V and to compare it with the
reference signal. The error signal will be transmitted to control the DC / DC
converter. Thereafter, the controller guides the operating point of the
photovoltaic generator to the MPP.

92



Zahira EL HARIZ, Hicham Aissaoui and Mohammed Diany

PV Panel > DC/DC »| Load
7'y
Pulses
PWM
Ipv
GENERATOR
7'y
vV Vreference
dP/dV = ——» Erreu.r » Controller
calculation

Fig. 9. Maximum Power Point Tracking control scheme

The GA is used to select the best population in any iteration. The first step is to
initialize the genetic algorithms. Then the best solution will be memorized, the
PID controller is used to eliminate the problem of the conventional P&O
method, which oscillates around the set point and causes a point tracking loss of
maximum power and energy. The PID controller must adapt according to the
current performance of the hybrid system. This performance is used as an error
which can be used to provide the Kp, Ki and Kd parameters. Then the program
stops and the best solution is announced. the principe of the proposed
methodology is summarized as follows:

Step 1 : linitialize the population size, the probability of crossing, the
probability of mutation, the maximum number of generations and the limits of
the decision variables.

Step 2 : Decode the binary value to real number.

Step 3: Calculate the fitness for each chromosome.

Step 4: Select the best chromosome

Step 5: Apply the crossover operators based on the principle of the P&O
method.

Step 6; Apply the mutation operators

Step 7: Repeat the steps mentioned before until the shutdown criterion is met
The Adapted GA-P&O selects the different values of the PID regulator
parameters Kp, Ki and Kd to reach the maximum power value of the solar
panel.

The different parameters used in the proposed method are defined in the Table
1.
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Table 1. Parameters of the genetic algorithm

Description Parameters
Population size 50
Maximum of iteration 100
Crossover probability 0.8
Mutation probability 0.1
Number of bits per chromosome 16

4. RESULT AND DISCUSSION

In this section, the proposed methodology is compared with the results of the
P&O method. To evaluate in a more efficient way, variable irradiation was used
to make detailed performance comparisons in terms of speed, passing and
accuracy. The P&O MPPT method using a genetic algorithm and based on the
PID controller begins with an initial evaluation of data and continues until the
stop criterion is met. The proposed method was executed using Matlab Simulink
in order to check their performance. Three series chains compose the
photovoltaic generator; each string is composed by 16 BPMSX120 solar panels
connected in parallels. Table 2 below shows the technical parameters of the
solar panels:

Table 2. Technical characteristic of the photovoltaic panel

Parapeters Symbols Values
Short-circuit current Isc 3.87A
Open circuit voltage Voc 421V
Voltage at MPP VMPP 337V
Current at MPP IMPP 3.56 A
Power at MPP i PMPP 120 W

Figures 10-12 respectively illustrate the simulation results of the proposed
methodology, they show the good agreement between the voltage, the current
and the power of the photovoltaic panel with the results of the classic P&O
method, which has presented an oscillation problem around the point of
maximum power, and subsequently cause energy losses from the solar panel
and without oscillations for the proposed methodology. This methodology,
compared to the P&O method, gives more optimal results. using this method, it
is possible to quickly find the maximum power with less overshoot and
stabilization time of each controller as well as the Ripple. The efficiency of the
proposed method according to the variation of the meteorological data of the
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site (temperature and solar irradiance) is evaluated. Through the results of
simulations, it can be concluded that, when the temperature and solar irradiance
change, the duty cycle of the DC / DC converter varies to its desired value,
which forces the current and voltage of the solar panel at follow their optimum

values, and subsequently the power of the PV module has reached its maximum
value.
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5. CONCLUSION

In this article, a genetic algorithm adapted to the P&O method and based on PID

is test to track the MPP of a solar system. It is shown that the tracking speed of
the proposed method is faster compared to the P&O method. The results

simulation of the proposed controller gave an exact response with faster

tracking speed and near zero oscillations; It could track the MPP for any rapid

variations in weather data including large fluctuations in insolation and partial

shading condition.
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ABSTRACT

The consumption of fossil fuels is increasingly necessary because of the need for
electric power despite the fact that the emission of gas increases pollution and global
warming of our planet. Therefore, renewable energies such as solar, wind, hydraulic,
etc. are promising solutions that help to overcome the problems with which our world is
confronted. In this work, we will present a power structure to harvest the maximum
possible amount of energy from a photovoltaic system as a main source of renewable
energy. The topology used for the adaptation between the power source and the load is
based on qZ source because of its advantages, mainly this type of adapter is used to
interface the low direct voltage to high direct voltage to reduce the stages of converters
and semiconductor components. The validity of the proposed technique is proven by the
analysis of the results obtained from the MatLab / Simulink simulation.

Keywords: Renewable energies, Photovoltaic generator, Grid Source , Grid, gZ Source
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1. INTRODUCTION

During several previous years, research has proven the negative consequences
on the environment due to the use of fossil fuels as well as their limit to meet
the needs of the population in the near future. Unlike fossil energies, renewable
energies are energies with unlimited resources. The sun represents the most
abundant energy source, which encourages researchers to direct their efforts to
harnessing this source therefore photovoltaic systems are essential as a means of
converting solar energy into electrical energy.

It is well know that fossil fuels are used extensively for the production of
electricity [1]. Unfortunately, this technology has proven to have remarkable
drawbacks, including pollution and the indisputable depletion of fossil
resources. In view of this unfortunate finding, research has been launched
intensively for the use of renewable energies (RE) as an alternative to fossil
resources. However, despite the fact that REs are inexhaustible (abundant) they
have the disadvantage resulting from their intermittent nature [2]. Therefore,
these installations require the use of the optimization algorithm to extract the
maximum power (MPPT) whatever the climatic conditions: irradiation (E) and
temperature (T) [3].

Indeed, power converters play a very important role for the conversion of solar
energy in photovoltaic systems. So, several researches have been done in order
to improve these power converters in techno-economic view, this research
studies the possibility of replacing the structure by associating a power
converter with an impedant source topology called Z-source [4, 5]. This
topology is of DC / DC type, it allows the function of raising the DC voltage of
the power source to a higher DC voltage intended for the load.

The aim of this work is to improve the reliability and the efficiency of the
production systems of the electric energies with renewable source precisely the
photovoltaic system using the Z-source structure. So, in this context we will
study the q Z-source structure which is recently introduced [6].

This work is made up of five sections: we start with an introduction. The second
section is reserved for modelisation of the photovoltaic generator and qZ source.
In the third and fourth sections, the simulation results and discussion are given,
respectively. In the fifth section the conclusion is given.

2. STRUCTURE AND MODELISATION

Power generation facilities inevitably consist of static converters necessary for
the desired shaping of the energy produced and delivered to consumers.
Therefore, despite the remarkable progress in the fields of structures and
controls of such converters, However, I do not believe that renewable energy
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production facilities continue to require substantial improvements. This work
involves studying a power supply structure for a continuous load via the
hybridization of two sources, a main source consisting of a photovoltaic
generator and an auxiliary source which is a three-phase electrical network
where the network voltage is rectified thanks to a three-phase rectifier
controlled.

However, since the voltage and consequently the power developed by the
photovoltaic generator mainly depend on the meteorological conditions notably,
the irradiation (E) and the temperature (T) [6]. We propose in this work to
connect the load to the DC bus common to the two sources (main and auxiliary),
previously defined through g-Z-source circuit [8-10]. Fig.1 shows the overall
structure of the proposed hybridization.

GPV

=+ g7 source + Load

Rectifier + -

v
L8 — |

Fig. 1. Global Structure

©

2.1 Photovoltaic generator

The photovoltaic generator is used to convert solar energy into electrical energy.
It is mainly made up of photovoltaic cells connected in series and parallel [11,
12]. The photovoltaic cell equivalent circuit is represented in Fig. 2.

]

RS pv
I e o
A

Iph by Ish

DSZ Rsh Vov

Fig. 2. Electrical equivalent circuit of a photovoltaic cell
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Considering Fig. 2, we can write the mathematical model of the photovoltaic

module [12, 13]:

1 =1

pv ph

_Id_],rh (l)

Vpv+Rs.Ipv
)tQdns V)v + va pv
I]Jv = 117/1 - IO (6‘ vied - 1) - R L (2)

y4
2.2 qZ Source

The Sources dedicated to the production of electrical energy by means of
renewable energy sources such as photovoltaic sources generate a variable
direct voltage. This section introduces the notion of z-sources which are
characterized by the use of LC type impedance network arranged in "X",
allowing the simultaneous closing of the up and down switches of the same arm
of the converter to accomplish its function of raising the voltage V4. by
considering the two operating modes which depend on the short-circuit state or
not of the arm of the same arms [14].

A unique feature of "z-source" converters is the "shoot-through" state whereby
two solid state switches of the same phase branch can be activated
simultaneously. Otherwise, this systems are attractive advantage for
photovoltaic systems applications. Fig. 3 shows the quasi-source Z grid.

C2

S
Lglm

Vpn+ 1

C1
T
?Vpﬂ-
)

Fig. 3. Quasi-source Z grid circuit

3. RESULTS

Taking into account, on the one hand, the specific operating features that
photovoltaic installations are extensively used by climatic conditions, and on the
other hand, the place of its installation, in particular an isolated site in this case,
scenarios of variations in irradiation and temperature were considered for the
analysis of the solar pumping structure proposed in this work.
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The performance analysis of the studied structure is carried out under varying
levels of irradiation and temperature. The simulation results presented in this
section were obtained using the MatLab/ Simulink software. The discussion of
these simulations is presented in the next section.
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4. DISCUSSION

The studied structure (see Fig. 1) was carried out using the MatlLab software
under different levels of irradiation and temperature for operation over the sun.
So, the interest was to analyze how the structure worked under varying weather
conditions. hus, Fig. 4 shows that the irradiance varies in levels, i.e. four (4)
stages (600W / m%, 1000W / m” (standard irradiance), 800W / m* and finally
400W / m®) corresponding to the different time intervals as shown. Fig. 4a.
However, for the same simulation time (0.8s) the temperature undergoes the
values (25 °C, 35 °C then returns to 25 ° C) where T = 25 °C is the standard
value of the temperature. However, under these conditions of irradiation and
temperature in Fig. 5 presents the photovoltaic power (Fig.5a), the active
(Fig.5b) and reactive (Fig.5c) of the electrical network and finally the power
absorbed by the load (Fig.5d). Under these conditions, one distinguishes,
mainly, three (3) intervals relating to the combinations between the
instantaneous levels of irradiation and the temperature, thus the photovoltaic
installation produces for each interval, the instantaneous powers reach 21.5Kw
under standard conditions. . However, the load absorbs around 8Kw. This
validates the simultaneity or alternation of operation of the two sources (main
and auxiliary) to satisfy the instantaneous power required by the load.
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5. CONCLUSION

The chapter proposes a structure for supplying a load through operation between

a photovoltaic system and the electricity grid, depending on the levels of
irradiation and temperature. The use of such a structure has shown great

promise for a water pumping application in geometrically remote locations.

Indeed,

the qZ source used as interface under the photovoltaic source and load is

alternative for renewable energy source applications. The adaptation of the

power required by the load and ensured by using a Z Source network. The
simulation results are provided to verify the efficiency of the proposed structure.

NOMENCLATURE

k Boltzmann’s constant

q charge of an electron

T cell temperature

Voo PV module voltage (V)

I, PV module current (A)

I, diode reverse saturation current (A)

In light current (A)

Qd ideality factor

R, shunt resistance (Q2)

R series resistance (€2)

ns number of cells in series

vt v t =kT/q is thermal voltage (V)
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ABSTRACT
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is coordinated by a specific installation specification. This work deals with the modeling
and control of photovoltaic system used a storage battery on an isolated site. The solar
conversion chain considered as well as the converter and fuzzy MPPT strategy
commands were programmed under the MatLab / Simulink environment and the
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conditions.
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Control and Management of a Photovoltaic System Equipped with a Storage Battery

1. INTRODUCTION

The production of energy is a challenge of great importance for the years to
come. Indeed, the energy needs of industrialized societies continue to increase.
In addition, developing countries will need more and more energy to achieve
their development. Since, currently the world's energy production is derived
from fossil sources, because rise to greenhouse gas emissions and consequently
increase in pollution. Elsewhere, an excessive consumption of the stock of
natural resources thus considerably reducing the reserves of this type of energy
in ways those are dangerous for future generations [1].

The renewable energies (RE) are gradually becoming energies in their own
right, competing with fossil energies in terms of cost and production
performance [2]. In particular, the solar energy is currently experiencing strong
development in the world, given its ecological character [3], [4]. However, due
to the random nature of the operation of renewable energy conversion systems
the photovoltaic generators (GPV) are generally coupled to a storage system
(SS) ensuring continuous energy availability. The type of SS are generally used
for this conversion system is lead acid battery. The maturity of this technology
and its low cost are the main reasons for using these batteries [1].

The aim of this work is to present a detailed study of a photovoltaic system with

storage batteries. However, in order to analyze the functioning of the considered
system, several simulation cases are presented and discussed.

2. STRUCTURE AND MODELING OF CONVERSION CHAIN

The considered configuration is intended for installation in an isolated site and
the structure contains a GPV connected to a DC load via a step-up boost
converter who is controlled by a signal (duty cycle) delivered by fuzzy logic
Maximum Power Tracking (FL-MPPT) as shown in Fig.1.

Moreover, as the irradiation and the temperature vary continuously according to
the meteorological conditions, a storage device is provided in order to store the
surplus of the energy produced and also to supply it when the panels no longer
manage to satisfy the power demanded by load (Reversible Buck-Boost

Converter).
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2.1 Photovoltaic Cell
In this work, for the model of the cell it is considered that of a single diode (D)
whose equivalent circuit is represented by Figure 2 [5, 6], where, R, and R, are

the parallel and series resistances, respectively:

Rs +
—  }————op
HYy IRp I}
L, D . ]V
]

Fig. 2. Equivalent circuit of a photovoltaic cell

From which, we deduce the expressions of the output current are, respectively,

given by the following equation [7- 9]:

I=1,-1,-1, (1)
. V+I*Rg q{V+I*RS V+I*R
I=1_~Ie " —1-Iye ™" -1]- p s )

»
Iy (A): saturation current of the diode;

K: Boltzmann constant;

T. (K), the charge of the electron;

n: non-ideality factor of the junction of the diode.
Where,

I.c(A): Short circuit current (Photovoltaic) ;

Id (A): Current through the diode;

IRp (A): Current through the parallel resistor.

So, with different conditions and assumptions, the current-voltage equation of
cell is written [10, 11]:

9_(v+I*R,)

I=1,—1,e"" 3)

cc
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2.2 Boost converter

The electrical connection circuit is shown in figure 3.

L D
O Y Y Y ’l
DT Y-
thf \u S —— ¢ [|Voc
o 0

Fig. 3. Electric circuit of the Boost converter
During a duty cycle (T), the operation of the Boost converter is defined by [9]:

For (aT), S is closed, the current in L increases progressively, and as it goes,
this inductance stores energy. The switch (S) then opens the inductance (L)
opposes the decrease in current (Ir), generates a voltage which will be added to
source voltage. It will be applied to the load (R) through the diode (D).
The mathematical model of the parallel converter is:

di,

e E-V,(1-a) (4)
dv . V
Cd—tdC=zL(1—a)—f (5)

The dynamic converter equations are derived for the current in the inductor and
the voltage across the capacitor in the continuous conduction regime expressed
by (4) and (5), where, I;: current in the coil;

E: input voltage; V.: output voltage and a: dury cycle.

Let x; = I and x, = V. then the equations of state become:

di, _E_(1-2)

d L L “
(6)
dVdc (1_a) s Vdc

I
dt C RC

Then, the classical representation in state space x = AX + Bu is:
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(1-a)

M (l—oa) o M

C RC

E 7

S N~ =

The control signal a is included in the discrete domain of {0; 1} and it indicates
the state of the switch S: open for 0 and closed for 1. It can be replaced by its
average value over a switching period which represents the duty cycle o = T, /
T, where T, is the conduction time and T is the chopping period.

2.3 Buck-Boost converter

A Buck-Boost converter is a switching power supply which converts a DC
voltage into another DC

voltage of lower or greater value but of reverse polarity [12, 13]. The

corresponding electrical circuit is shown by figure 4.

ipy ID
o—p—er’/ o
N |

ir

4
o]

0
>

5
0

Fig. 4. Electrical circuit of the “Buck-Boost” converter

The presentation of the operation of this type of converter by mathematical
equation must be carried out taking into account the state of switch S. When the
switch is in the on state, then T,, = a.T,. As a result, the energy stored in the
inductance increases. When S is blocked, then Ty = (1 -a) .Ts and the energy
accumulated in the inductance transfers to the capacitance and the load.

Ji
ﬁ:w—v‘k (1-a) ®)
v, . 14

CTZC=—1L(1—a)—f ©)

In switch-on mode, S is equal to 1, the diode is blocked and the equations in this
case are:
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%:aE (10)
d %
C—:;:’C :—% (11)

When the switch is blocked, S is equal to 0 and the diode is on. The equations

are:
C%:Vdc (12)
Cdc‘i/;c =—t¢-% (13)

whether for state representation:

; 0 —(1_La) ; u
= " L|E 14
{Vdcj| (1_a) . 1 |:Vdc:| 0 (o
C RC

2.4 Principle of Fuzzy Logic MPPT

By definition, an MPPT control, associated with an intermediate adaptation
stage, allows a PV generator to operate in such a way as to continuously
produce the maximum of its power [14, 15]. However, within the framework of
this chapter the perturbation and observation method P&O (perturbation and
observe) based on fuzzy logic is considered.

The structure of such an MPPT control approach is shown in figure 5.

Base deRule
E /
== D D
Fuzzification L Inférence || Défuzzification @ *
_— »

Fig. 5. Fuzzy Logic MPPT
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The inputs to the controller are the error e (k) and the variation of the error Ae
(k) expressed by [16].

B, (K)-P, (k-1)
RUNATEAT=) "
AE(k)=e(k)—e(k—1) (16)

With: Ppv and Vpv are respectively the power and the voltage of the
photovoltaic generator.

Input E (k) shows whether the operating point of the load is to the left or right of
the maximum power point of the P (V) curve, while input E (k) shows the
direction of the point Operating.

The output of the fuzzy controller is AD which represents the variation of the
duty cycle of the DC-DC converter.

We use a fuzzy controller, the output of the controller AD (k) is considered as
an incremental duty cycle D (k):

D(k)=D(k-1)+GD (17)

Table 1.  Fuzzy logic MPPT rule base

E/dE NB NS 70 PS PB
NB 70 70 PB PB PB
NS Z0 Z0 PS PS PS
70 PS Z0 Z0 Z0 NS
PS NS NS NS Z0 Z0
PB NB NB NB 70 Z0

2.5 Battery modeling

The main properties of a battery are its voltage V ,om (V) and its capacity C or
Q cetlen (Ah). The product of these two values is a measure of the amount of
energy contained in the battery. In an ideal voltage source, the voltage should
remain constant at all times, until the battery is completely discharged,
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regardless of the current demand. Thus the autonomy of a battery should be able
to be calculated directly by equation (18), where t g, is the discharge time and I
is the required current [17].

_ chll

tdech - I

(18)

However, because lithium batteries do not adopt a behavior, t .., 1S estimated
by the following relation:

Q.
tdech = I_bll (19)

The cellular potential (E) during the discharge of a battery is given by the
following equation [18].

E:EO—K(Q?itji—Ri (20)

State of charge (SOC) and State of discharge (SOD) Are calculated by the
relations (21) and (22), respectively [19]:

SOC(t) = J':,] Ibat (t) _‘/bat (t)dt (21)

[li(e)ar
SOD(r)=="—"—x100 (22)

And, the Depth of Discharge (DOD)

D(k)=D(k—1)+GD (23)

3. RESULTS

The previous models have been programmed and simulated and the results
obtained are presented by the following figures 6 to 13.
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4. DISCUSSION

For conditions T = 25 ° C, and variable irradiation as follows: Ir = 1000w / m?
(midday), Ir = 200w / m? (afternoon) and Ir = Ow / m2 (at night) as shown in the
figure 6. We can then distinguish the following intervals: During the period of
time Os to 0.8s, the irradiation is Ir = 1000w / m? and the temperature is
temperature T = 25 © C. Under these conditions the PV power increases up to
the maximum value 1400w (see figure 7_a); Thus, the power absorbed by the
load is shown in green in figure 7_b changes to reach approximately 580 w. So,
we see that the PV produces a higher power than that required by the load.
Consequently, this surplus is stored by the battery (see figure 7_c) and shows it
more clearly in figure 8. Then the battery charges, which is found by increasing
the SOC from its initial 10% value as shown in Figure 9, gradually going up to
almost 10.04%. Consequently, the voltages and currents of the storage system
(battery) are illustrated by figures 10 and 11, respectively and furthermore the
voltage at the terminals of the load and the current flowing through it are,
respectively, shown by figures 12 and 13. So this interval corresponds to the
battery charge mode.

In the period [0.8s, 1.2s] of irradiation Ir = 200w / m? (afternoon) and a
temperature T = 25 © C. PV power decreases when irradiation decreases. The
PV system produces only maximum power of about 220W which is lower than
the one required by the load (figure 7_a and b). Thus the missing power is then
provided by the battery (battery charge mode) as proven by the change of the
sign and the decrease of the SOC (figure 7_c) from the previous state 10.0.4%
to 10% at time 1.2.

Therefore, this interval corresponds to the battery discharge mode.
Period from 1.2 to 2s: In this period the irradiation is zero Ir = Ow / m? (night)
and the temperature is T = 25 ° C. PV power decreases to Ow. The PV no longer
produces power, but the battery plays the role of a generator by continuing to be
discharged to ensure all the power required by the load and at the same time
ensure continuity of service despite the shutdown of production of power by the
PV.

The voltages and currents corresponding to the load and the battery are
presented by the figures mentioned previously.

5. CONCLUSION

The conditions on the irradiation variation and the temperature constancy
correspond perfectly to the changes in the powers of the PV, battery and load.
They clearly show the two modes of battery operation of the three intervals
considered, the battery effectively operates in charge mode during the first
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interval and in discharge mode for the last two intervals. The scenarios
considered for this work attest to the correct functioning of the various
components of the chain and this in particular the storage system.

NOMENCLATURE
DOD : Depth of Discharge
E : Battery potential
E, : Constant battery voltage
E,. :  Battery voltage
FL-MPPT : Fuzzy Logic Maximum Power Point Tracking
GPV . Photovoltaic generator
NB : Negative Big
NS : Negative Small
P&O : Perturbation and Observation
PB : Positive Big
PS : Positive Small
PV : Photovoltaic
0 :  battery capacity
SoC . State Of Charge
SOD : State Of Discharge
Z0 : Zero
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