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AIM AND SCOPE

Energy, Environment and Storage papers consider the prospects of energy technologies,
environment, materials, process control and industrial systems. The Energy, Environment and
Storage will be published 3 times per year.

Contributions describe novel and significant applications to the fields of:

e Hydrogen Fuels

e Hydrogen and Fuel Cell

e Hydrogen Economic

e Biomass

e Solar PV Technology

e Solar Thermal Applications

e Wind Energy

e Materials for Energy

e Drones and Energy Applications

e Nuclear Energy and Applications

e Hydro Power

e Fuel Technologies (CNG, LNG, LPG, Diesel, Gasoline, Ethanol, etc.)
e Numerical Modelling

e Energy Storage and Systems

e Battery Technologies

e Energy Management

e Heat and Mass Transfer

e Aerodynamics

e Aerospace and Energy Applications

e Combustion

e Electric Vehicle Transportation

e Off-grid Energy Systems

e Environment Management

e Air Pollution

e Water and Wastewater Pollution

e Water and Wastewater Management
e \Waste Management

e Global Warming and Climate Change
e Environmental Ecosystem

e Environmental System Modelling and Optimization
e Ecological Applications or Conservation
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Evaluation of Conducting Properties of Biopolymer Electrolyte K-
Carrageenan with The Effect of Three Different Ammonium Salts

M. Nithya?!

1Department of Physics, The SFR College for Women, Sivakasi. ORCID: 0000-0003-3605-6236

ABSTRACT. In the present work kappa-carrageenan (KC) with different ammonium salts NH4CI, NH4Br, and NHa4l
membrane were successfully synthesized by the solution casting technique. The prepared eco-friendly membrane is
subjected to ionic conductivity study, XRD study, transference number studies, and then it’s compared. The ionic
conductivity value for KC with 200 mg NH4Cl is 1.81x 10 S/cm, KC with 300 mg NH4Br is 2.80x 10 S/cm, KC with
400 mg NH4I is 5.88x 10 S/cm. Among all the three, combinations the KC with 300 mg NH4Br gives high ionic
conductivity. From the X-Ray Diffraction pattern, KC-NH4CI incorporation greatly enriched the amorphous region. All the
three membranes transference numbers are very close to unity. Among all the three combinations, KC with 300 mg NH4Br
is the best combination for the application of fuel cell battery.

Keywords: kappa-carrageenan, Ammonium salts, Electrolytic conductivity, lonic Transport.
Avrticle History: Received: 31.01.2023; Accepted:05.02.2023; Available Online: 26.05.2023

Doi: https://doi.org/10.52924/YTMK4887

1. INTRODUCTION

The conductivity of a material is the major property of
electrical appliances. The conductivity of the material is
different for different materials. Production of electricity
in the material depends on the dissolved impurities in the
material. Depending upon the suspended ions the
electrical charge is transferred in the material. Based on
conductivity and resistivity, the conducting material is
segregated into two main categories. The first one is the
highest conductivity or lowest resistivity materials and the
second one is the lowest conductivity or highest
conductivity materials. In the field of electrical
engineering applications, both the highest conducting
materials and the lowest conducting materials play a vital
role. The low conducting materials like carbon, tungsten
are useful to fabricate the heating elements. The material
of low resistivity and high conductivity is useful for an
electrical machine, transmission, and distribution of
electrical energy. Here our aim is to find the highest
conducting material for energy-saving devices. The
Highest conducting materials have the properties of the
lowest possible resistance, the highest possible
conductivity, good mechanical strength, stability,

corrosion-free, low cost, long life, and a high elasticity [1,
2, 3]. The belongings of conducting material are varying
for various purposes. The present work is to find a
flexible, high conducting solid biopolymer. Because of the

*Corresponding author: nina07.muma@gmail.com
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applications of the bio-polymer membranes in the fields of
electronics, fuel cells, solar cells, batteries are increasing
day by day. Compared to metal like silver, gold, and
aluminum conductivity, polymers have low electrical
conductivity reported by the researches in 1970 [4].
Nowadays the conductivity of polymer is increased the
best selection of polymers and added impurities [5, 6, 7].
Kappa carrageenan solid polymer electrolytes [SPE] have
a great attention in many electrolyte applications due to
several good advantageous properties like ease of
fabrication, flexibility in nature, cost effectiveness, good
mechanical stability, and safety in use. To reduce
environmental  pollution, bio-based polymers are
developed as electrolytes. It is one of the primary
resources for recycling energy [8]. From the literature
survey, we found a conductivity value for pure Kappa
carrageenan of 6.76 x 10 © S/cm at room temperature [1].
The selection of dopant is another goal to reach the
highest conducting flexible biopolymer. We have selected
a proton-conducting ammonium salts to achieve the
highest conducting electrolyte. As we expected, prepared
biopolymer conductivity increased [9].

In this present work, we have synthesized the biopolymer
membrane by the choice of kappa carrageenan with
different kinds of ammonium salts (NH4Cl, NH4Br, and
NHal) [5].
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2. MATERIALS AND METHODS
2.1. Chemicals

Chemicals selected for this work are the biopolymer
kappa-carrageenan (KC) [6] and NH4CI, NH4Br, and
NHal, which were purchased from TCI Chemicals,
Coimbatore, Tamil Nadu.

2.2. Biopolymer Electrolyte Preparation

Biopolymer electrolytes were prepared by the solution
casting method. The solution is prepared by using water as
a solvent. First, prepare a fixed amount (1 g) of kappa
carrageenan solution and different concentrations (200
mg, 300 mg, 400 mg) of ammonium salt (NH4CI, NH.Br,
NHal) solutions. Now mix 1 gm KC with 200 mg
solutions and allow them to stir continuously without
forming any bubbles. Similarly prepare the solutions for
different concentrations. The solutions were prepared at
room temperature. Then the solutions are transferred into
petri dishes, which are then kept inside the oven to
maintain the temperature range of 45°C. After all this
processing, transparent and flexible  biopolymer
membranes were obtained.

2.3. XRD

The materials phase transformation from crystal to
polymer is studied by PANalytical X’ pert Pro powder
X’celerator Diffractometer instrument. The membranes
were measured in the range of 10 to 80 degrees in 26.

2.4. Electrolytic conductivity:

The electrolytic conductivity of three different ammonium
salts in kappa-carrageenan was analyzed by the formula of

6 =t/ARy (S/cm)

Where‘t” and ‘A’ are the thickness and area of the
polymer electrolyte film respectively. Ry, is the bulk
resistance of the polymer membrane [10].

2.5. lonic Transport Analysis

lonic transference numbers are calculated by the below-
mentioned equation, and it is determined by the Wagner
procedure [11].

Tion = (I initiat - 1 final)/ | initial
In this procedure fixed DC voltage of 1.8 V is applied
across the cell.

3. STUDIES AND ANALYSIS
3.1. XRD Discussion

The intensity of the peaks in pure Kappa carrageenan
decreases when we add 200mg NH4CI. And the beaks are
shifted to wide-angle value [7] by the addition of 300mg
NH.Br and 400mg NHal salts. Figure 1 shows the
amorphous range of prepared biopolymers. The interaction
between used salts and biopolymers results in a merely
increased amorphous nature from pure to doped
electrolyte. The maximum amorphous nature is observed
in 1 g of KC and 200 mg of NH4Cl-doped electrolyte. The
broadening of the spectrum at 300mg NH4Br and 400mg

Energy, Environment and Storage, (2023)03-02:42-44

NH.l salts. This is because the biopolymer was unable to
accommodate the wused salt, which leads to the
recombination of the ions [9].
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Fig.1. Amorphous nature of Pure and ammonium salts
doped membrane

Compared to pure KC, 200 mg NH4CI, 300 mg NH4Br,
400 mg NH4l added electrolytes are having a more
amorphous phase which may enhance the ionic
conductivity of the biopolymer electrolyte [7]. From the
XRD analysis, we find the selected highest conducting
biopolymer electrolytes are having a polymer nature, and
it has better ionic conductivity.

3.2. Electrolytic conductivity

The Cole-Cole plots of the pure kappa-carrageenan and
ammonium salts doped kappa-carrageenan biopolymer
electrolytes are shown in figure 2.
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Fig.2.Cole-Cole plots of the pure kappa-carrageenan and
ammonium salts doped membrane.
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The ionic conductivity value for 1gm kappa with 200 mg
NH4Cl is 1.81x 10 S/cm,1gm kappa with 300 mg NH4Br
is 2.80x 103S/cm, 1gm kappa with 400 mg NHl is 5.88x
10° S/cm. 200 mg of NH4CI, 300mg of NH4Br, and
400mg of NH4l salt concentrations are well incorporate
with the 1 g of KC. Beyond the addition of 200 mg of
NH4Cl, 300mg of NHsBr, and 400mg of NH4l salt
concentrations, the Cole—Cole plot indicates the resistive
component exits in the polymer electrolyte and is
corresponding to the mobile ion being less in the
polymer [12]. Among all the three, combinations the 1gm
K-carrageenan with 300 mg NH4Br gives the high ionic
conductivity in the order of 2.80x 10 S/cm. Figure 3
drawn for the conductivity of prepared biopolymer
membranes with different concentrations of ammonium
salts. Calculated ionic conductivity as a function of
ammonium salts.

NH Br
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3
) NH,CI
2 181E-044 W
2
°
=3
°
[
o
0
NH,I
5.88E-05 - ‘.
T X | ¥ T ’ T X T
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Concentration of Ammonium Salts (mg)

Fig.3. Variation of conductivity as a function of
ammonium salts.

3.3. lonic Transport Analysis

The initial polarization currents of all three membranes are
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Fig. 4. Polarization current verses time for prepared bio
polymer Membrane.
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decreases with time due to the depletion of the ionic
species in the electrolyte and finally, it is constant in the
fully depleted situation. This is because the ionic current
through an ion-blocking electrode falls rapidly with time.
The initial current for the present study of 1gm K-
carrageenan with 200 mg NH4CI, 300 mg NH4Br, and 400
mg NHal are 110 pA, 230 pA, and 170pA respectively.
Calculated transference numbers are very close to unity.
The Polarization verses time graph is shown in figure 4.

4. CONCLUSION

Kappa-carrageenan (KC) with different ammonium salts
NH4CI, NH4Br, and NH4l membrane were successfully
synthesized by the solution casting technique.

From the conductivity studies, the maximum ionic
conductivity of prepared biopolymer film was 2.80x 107
S/cm, it is achieved for the membrane doped with 300 mg
NH4Br salt concentration. Due to the better conductivity
and mobility, this biodegradable kappa carrageenan based
flexible solid electrolytes in association with conducting
salts were used in different bio polymer battery [13]
assemblies.
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Determination of a New Performance Indicator for the Assessment of
Stand-Alone PV System
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ABSTRACT. The use of stand-alone PV systems (SAPV) must be efficient and profitable for a better integration of solar
energy in the global energy mix. However, the performance indicators that allow the evaluation of SAPV systems do not
clearly inform us about the actual level of use of their sized and installed capacity. This article aims to determine a new
performance indicator, called the theoretical power factor (TPF) by an original method based on the modelling of the SAPV
system in the form of a matrix equation. The resolution of this matrix equation, makes it possible to bring out the reactive
energy of the system during operation. A case study is presented and scenario | represents the case where the main
elements are all assumed to operate at their rated capacity. scenario Il represents the case were the rated capacity of storage
system is reduced of 40%, scenario I11 represents the case were the rated current capacity of charge controller is reduced of
40%, and finally scenario IV represents the case were the rated power capacity of inverter is also reduced of 40%. The
results obtained after implementation in the Spyder environment (python 5.1) show the effectiveness of TPF in the
performance evaluation of SAPV systems. And also show how the TPF is substantially related to the capacity of each main
element of the system. This being proved by the results obtained after the simulation of the four scenarios mentioned
above. One can observe an increase in TPF of 0.1% in Scenario Il during the period of low irradiance, and no change in
TPF for the other scenarios in the same period. During the period of high irradiance, an increase in TPF of 17.9% is
observed in scenario Il and a decrease in TPF of 15.4% and 1.2% respectively in scenarios 11 and V.

Keywords: Stand-Alone PV system, Performance indicators, Performance Ratio, Reactive energy, Theoretical power factor, Matrix model

Avrticle History: Received: 06.02.2023; Accepted: 16.02.2023; Available Online: 26.05.2023
Doi: https://doi.org/10.52924/QBMK2848

1. INTRODUCTION

Solar photovoltaic energy is a solution to the energy
deficit observed in several developing countries. It is also
a source of energy that helps to reduce the pollution
caused by the use of fossil fuels. Solar energy conversion
systems, also known as PV systems, are becoming
increasingly popular in sub-Saharan Africa. Electricity
from solar PV contribute at 3% of global electricity
generation in the world and it is now the third-largest
renewable electricity technology after hydro power and

the choice is much more towards stand-alone PV systems
with storage.

Stand-alone PV systems (SAPV) require good sizing.
There are several sizing methods as presented in the
articles [3], [4]. Due to the randomness of the solar
energy source and the load profile, the reliability of stand-
alone PV systems is questionable, regardless of the design
method used. In the literature, several criteria for the
reliability of PV systems can be distinguished [5].

onshore wind [1]. Depending on the installation site and
the intermittent nature of the solar energy source, these
systems can be connected to an electrical distribution
network or be associated with other energy sources (wind,
diesel, etc.) to form hybrid sources. Or they can be
combined with batteries to store electrical energy and
form autonomous systems [2]. The choice of a PV
configuration is usually based on technical, economic,
social, environmental and political/legal criteria. In remote
rural areas and some urban areas in sub-Saharan Africa,

*Corresponding author: danielmenga6@gmail.com 45

The intermittency of the solar energy source, the variation
in the load profile and the difficulty in obtaining certain
technical and social environment data from the site where
the system is to be installed, means that no sizing method
is completely reliable. It is difficult to accurately design a
PV system. In general, the mode of operation for which
the system is designed is not always real (e.g., the power
demand taken into account in the design calculations is
variable in reality and can sometimes exceed the estimated
power). It is therefore important to study the performance
of a stand-alone PV system that has been designed.
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To assess the performance of SAPV system there are
several types of indicators [5]-[8]. Among these
indicators, the performance ratio (PR) is one of the most
significant for evaluating the efficiency of the PV system.
Specifically, the performance ratio is the ratio of the actual
and theoretically possible energy outputs. It tells us about
the electrical energy converted by PV solar panels and
which is actually used by the load. And it is largely
independent of the orientation of a PV plant and the
incident solar irradiation on the PV plant. The
performance ratio is a parameter that emerges in several
studies concerning the performance evaluation of stand-
alone and grid-connected PV systems [9]- [12].

However, the calculation of the performance ratio
requires, for a given time, the actual consumption
measurements of the load [13], [14]. This implies
measurements on operational PV systems. such a
performance ratio evaluation of a PV system would
certainly be realistic but very expensive for a post-
installation performance evaluation. there are also sizing
software packages such as PVsyst, INSEL, TRNSYS,
PVSOL, SOLARPRO [10] which can evaluate the
performance ratio during the sizing of the PV system. But
the software takes into account the estimated load
consumption data. this makes the performance ratio
calculation approximate and unrealistic for systems
without a demand side management system.

The main problem with the performance ratio is that the
size of the battery, charge controller and inverter does not
clearly influence performance ratio value. This hiding the
fact that the performance ratio can be caused by poor
system sizing and poor storage management. The same
performance ratio value can be obtained by two SAPV
systems with different size of inverter, battery storage and
charge controller.

In this work, the performance ratio of a stand-alone PV
system is predicted just from the knowledge of the size of
its components, the meteorological data and the electrical
consumption data. The size of the different components of
the system can therefore be varied to study their influence
on the performances indicators (the conventional one and
the new one). So, our objective is to determine a new
reliability indicator thanks to an original method of
calculation. This new reliability indicator is named the
theoretical power factor (TPF). Which is obtained by
considering the set (Charge Controller-battery-Inverter-
Load) as a whole electrical receiver. and as with any
electrical receiver its power factor can be determined. Two
determine TPF an original method is developed and
consists in modelling the PV Stand-Alone System as a
matrix equation whose solution allows to calculate the
TPF. The TPF is considered more as a new reliability
indicator of the PV stand-alone system sized. In the same
way as the Loss of Power Supply Probability (LPSP), the
Loss of Load Probability (LOLP or LLP) and many others
that each carry a specific information [4], [13].

To achieve our goal, the SAPV system will first be
described. Then, an energy model of the SAPV system in
matrix equation form, for the determination of the new
reliability indicator will be developed. And the TPF will
be calculated according the case study which will be
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presented. Finally, the results obtained by the
implementation and simulation in an integrated
development environment (SPYDER) will be presented
before the conclusion.

2. MATERIALS AND METHODS
2.1 Description of the Stand-Alone PV system studied

The main components of the PV/Battery system are: The
PV generator, the charge regulator (or charge controller),
the batteries and the inverter. The PV generator produces
the electrical energy for the load consumption. Batteries
storage are used to store the excess electrical energy
produced by the PV generator during the day. This energy
is then consumed by the load at the night or when the
generated energy by the solar panels is not enough (low
sunlight) to respond to the load demand. The role of the
charge controller is to ensure that the battery charging and
discharging processes, are carried out, so that they are
always in the correct operating conditions. It also permits
to maximize the power of solar panels. The role of the
inverter is to convert direct current (DC) into alternating
current (AC). Since photovoltaic solar panels generate
direct electricity current, and most of devices used in
houses or in professional offices work with alternating
current, this component is therefore for a particular
importance in  photovoltaic  systems.  Schematic

representation of the studied system is given in Fig.1.
[

.
10

/

Bomy Trvertes
> chrge controller :
0

Fig. 1. Stand-Alone PV system
2.2 Performance Ratio PR

The performance ratio is a measure of the quality of a PV
plant that is independent of location and it therefore often
described as a quality factor. The performance ratio (PR)
is stated as percent and describes the relationship between
the actual and theoretical energy outputs of the PV plant.
The closer the PR value determined for a PV plant
approaches 100 %, the more efficiently the respective PV
plant is operating. In real life, a value of 100 % cannot be
achieved, as unavoidable losses always arise with the
operation of the PV plant (e.g., thermal loss due to heating
of the PV modules). High-performance PV plants can
however reach a performance ratio of up to 80 %.

The Performance Ratio can be calculated either manually
or automatically by software such as PVsyst. the formula
of the PR is written [11]:

Eactua
tual (l)

E,
PR = actual _
Enominal Gperiod*NsTc*A

where E ... 1S the actual reading of PV plant output in
kW h, which is the energy consumed by the load side at
the end of analysis period, E,omina 1S the calculated
nominal PV plant output, G0 is the solar radiation
incident at the end analysis period, A the entire module

Copyright © and. Published by Erciyes Energy Association
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surface, and ngr¢ is the nominal efficiency of the PV
module under Standard Test Conditions) STC.

2.3 New performance indicator determination

The reliability indicator proposed in this work allows to
determine over a given time the theoretical power factor
(TPF) which is an average percentage of use of the SAPV
system supplying a non-exhaustive and variable load. This
indicator is determined through the matrix modelling of
the SAPV system.

2.3.1 Modelling of SAPV system sized

The SAPV system is basically consists of PV modules, a
charge controller or regulator, a storage device and
inverter for AC appliances.
The model proposed here is developed by considering
some of the following assumptions:
e The sized SAPV system can work perfectly
without failure;
e The internal physical properties of each element
of the system are neglected;

e The data considered are hourly average values.

Fig.1 shows the energy transfer from solar radiation to the
load, through the components of the SAPV system. The
model represents in the matrix equation form (A.X = B),
the energy transfer from the PV generator to the load
through the battery. Where A is a matrix of dimension m
x n representing energy flow between each characteristic
component of SAPV system and B is the column vector of
dimension n representing the Energy and voltage state of
each characteristic element during its operation. Solving
this equation informs us about the balance between the
energy generated by the system and the energy consumed
by the load. It also informs us about the size of the system.
Indeed, due to the variations in load and weather
conditions, it is rare that the energy generated is equal to
the energy consumed. Most of the time the system
operates in an energy imbalance between supply and
demand. It is in this latter case that the size of system is
important.

Determination of the parameters of matrix A

The parameters of matrix A are determined according to
an original logic, quite similar to the one used to
determine the adjacency matrix in the graph theory [15].
By considering our SAPV system as an oriented graph in
which the energy transit elements (PV generator, Charge
Controller, battery, inverter and load) are nodes, the value
of each edge connecting two nodes is determined by
considering the following rules:

* When electrical energy flows from an active dipole to a
passive dipole, the value of the edge is equivalent to the
maximum current capable of flowing through the link
between these two dipoles;

* And when the electrical energy flows from a passive
dipole to an active dipole, the value of the edge is
equivalent to the inverse of the maximum current capable
of flowing through the link between these two dipoles.
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So, one can write this:

|, O 0 0
0 1 }/ 0 0
I ccN
A = O O 1 I invN O (2)
0 0 0 1 )/
I invN
0 0 0 0 1|

where 1.y is the nominal current which can flow through
the charge controller to the battery system and I;,,,,5 is the
nominal current of inverter which can flow through the
inverter to the load.

Determination of the parameters of vector B

B(t) is the column vector that provides information on the
status of the characteristic parameters of each element of
the SAPV system at each time t of a given period T. The
PV generator, the battery and the load are characterized by
their Energy level, while the charge controller and the
inverter are characterized by their terminal voltage level. B
vector at the specific time is given by this:

E.
V.
B=| Eu ®)
Vi
| E e

Where E,, is effective energy converted into electrical
energy by the solar PV. It is written:

Epv = G=* Apv *Npv (4)

G is the hourly global irradiance in (Wh/m?). A, is the
total array surface in (m?) and 7, is the photovoltaic
panel efficiency. V.. and V;,,, are respectively the terminal
voltage of charge controller and terminal voltage of
inverter. E,,; IS energy battery which is either stored or

restored. It is given by this following equation:

Epar = Char * Vpar )

The instantaneous storage capacity of the batteries C,; is
given by:

Cpat(t) = Cpae(t — 1) + (Ipy * At — [15qq * AY) (6)
Vpae 1S the terminal voltage of batteries storage system.

Ipy is the PV current delivered by the generator for each
time interval (At), here At =1 h.
This current is determined following this equation:
Epy
=P %

T VeerAt

Ipy
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I,aa 1S current of load for each time interval. Determined
by:

_ Eload
Iload - Vinp*At (8)

With Ej,.q Which is the energy need at load for one hour.

2.3.2  Theoretical Power Factor (TPF)

TPF is the proposed performance indicator. Theoretical
because there are some assumptions took into account for
its determination. Cleary, it is an average percentage of
system usage determined by solving the matrix equation
AX = B each time interval. The vector X is a solution
obtained each time interval and whose first term X;
corresponds to a reactive energy. This reactive energy is
composed of the electrical energy produced by the PV
generator that has not been consumed or stored, the energy
difference between the maximum energy capacity of the
charge controller and the energy that actually flows
through it in each time interval and finally the energy
difference between the maximum energy capacity of the
inverter and the energy consumed by the load at a given
time. these reactive energy components are losses related
to the size of the system elements and the management
method of the storage system. The following equation
gives the TPF.

. 2
Z?=h1 1_(p Al *At)
TPF — pv,Peak (9)

nh

0 if Xl [l] 2 va,Peak * At
TPF = (10)
1 if  Xil=0

where Py, peqr is @ nominal power of PV generator and nh
is a number of the total hours of the given period.

It is important to note that, concerning the performance
PV plant assessment, this performance indicator does not
appear in the literature and especially not among the
indicators proposed by the IEA PVPS Task 2 [7], [8].

2.4 Implementation data and strategy

The meteorological data (irradiance), constituting the
important input parameters of the PV generator, is
downloaded from the Helioclim-3 Archive Database of
Solar Irradiation V5 (derived from satellite data) and
meteorological data (MERRA-2/NASA and GFS/NCEP)
for two periods of year (2020-02-01 to 2021-02-09 and
2020-08-08 to 2021-08-15) and for precise location of the
Yaoundé, Cameroon. The energy demand is also a key
input parameter for the simulation of the system. Fig. 2
shows the daily energy demand.
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Fig. 2. Daily energy demand

ENERGY DEMAND (WH)
o

o

9 11 13 15 17 19 21 23
HOUR (H)

In the defined operational strategy, the PV power
production is determined for each time interval
corresponding to the given meteorological data. The
description of the strategy of the studied system, is given
in Fig. 3.

Parameters specifications
of SAPV system

Define the location and
load demand

|

Determination of matrix
parameters (A}

obtain meteorological data
lfor the selected site (hourly,
mean values)

Determination of B vector
column

Resolution ofthe
equation

Fig. 3 Diagram of SAPV model implementation

Table 1. Parameters used for simulation

Designation Value
Type of system Stand-alone
Nominal power of PV plant system

3500 Wp

Nominal capacity of battery 1260 Ah
Total surface of PV plant 19.9 m?
Allowable depth of discharge of 80 %
batteries
Nominal power of inverter 635 W
Maximum current of charge 93 A
controller
Batteries bank Voltage 26V
Efficiency of conversion PV 15%

To analyse the influence of the size of each element of the
SAPV system. From the second scenario to the fourth
scenario the size of an element (charge controller, battery
and inverter) of the system will be reduced from 100% to
60% of their initial size as shown in table 2. The value

Copyright © and. Published by Erciyes Energy Association
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60% is a randomly chosen coefficient that has no
particular meaning but will allow us to observe and
analyse the values of the different performance indicators.

Table 2. simulation scenarios

Scenarios
I I i v
Surface of PV | 100 | 100 | 100 | 100
plant (%)
Current of 100 | 100 60 100
charge
controller (%)
Capacity of 100 60 100 100
Battery (%)
Capacity of 100 | 100 | 100 60
inverter (%)
3. RESULTS AND DISCUSSION

The results obtained here after implementation and
simulation in the Spyder environment (Python 5.1) allow,
over a period of time, an analysis of the evolution of the
reactive energy of the SAPV system in operation.
Remembering that the reactive energy of the system,
which is noted X1, is the first term of the solution vector
X of the matrix equation of our system. The results
obtained allow also to compare the performance indicators
(Performance Ratio and Theoretical Power Factor) of the
SAPV system between to different period of a year. One
can finally observe the influence of the size of component
systems on the performance indicators.

3.1 Analysis of the reactive energy evolution of the
SAPV system during a period

Fig. 4 shows the evolution of the reactive energy and the
energy produced by the PV generator during the August
period. It can be seen that the reactive energy is positive
and is very high. This reactive energy is more important
during periods of low sunshine than during periods of high
sunshine. This development indicates that the overall
capacity of the SAPV system is low. This will be
determined by the proposed performance indicator, the
theoretical power factor (TPF) in Table 3. The period of
August is generally a period of low irradiance in Yaoundé,
Cameroon. This is most easily explained by the fact that
the irradiance is low and the SAPV system is used below
its nominal performance.

\
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Fig. 4. Profile of reactive energy and PV energy produced
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3.2 Comparison of the performance indicators
for SAPV system according to two analysis periods

Simulation of scenario | is made for the nominal capacity
of each component of SAPV system. Table 3 shows that,
during periods of high irradiance the performance ratio
(PR) decreases and the theoretical power factor (TPF)
increases compared to the periods of low irradiance. a
fairly predictable result because when the irradiance
increases the energy converted by the PV panels also
increases while the energy consumed remains the same.
then the PR decreases.

However, when this PV energy increases the current also
increases in the charge controller and the storage system is
charging faster. This will be checked looking the final
state of charge (SOC) of the battery which is 38% for the
period of low irradiation against 84% in the period of high
irradiation.

Table 3 Comparison of PR and TPF in nominal

capacity of SAPV system

_ Periods

3=

S S | August period = February
= g (Low period (High
3 § irradiance) irradiance)
PR 0.757 0.674
TPF 0.458 0.612

3.3 Influence of storage system capacity on the
performance indicators

Simulation of scenario Il is made to see the influence of
the capacity of storage system on the performance
indicators. One can observe from table 4 that, the capacity
of the storage system does not influence the performance
ratio (PR) of the system. But on the other hand, the
reduction of this capacity increases the theoretical power
factor. This result shows that the SAPV system can cover
the requested energy efficiently with a much lower battery
capacity than in the case of the first scenario.

Table 4 Comparison of PR and TPF with
reduced capacity of storage system

Periods
— -U -
=] 3 Low High
5 S irradiance irradiance
23
ss |8 o o k=)
3 3 S _ @ c S _
= — | e cC - C -
3 3 3 3
) (%] (9] (7]
PR | 0.757 0.757 0.674 | 0.674
TPF | 0458 0.459 0.612 @ 0.791
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3.4 Influence of charge controller current capacity
on the performance indicators

Simulation of scenario 111 is made to see the influence of
charge controller current capacity on the performance
indicators. Looking at the table 5, one can see that the PR
is not influenced by the reduction of charge controller
current capacity in either case of low or high irradiance.
But in other hand, the reduction of charge controller
current capacity influences crucially in decreasing the
theoretical power factor of SAPV system. This last
observation can be justified by the fact that current will be
stopped at the charge controller even when the irradiance
is high. This will cause a low charging of storage system
and therefore increase the reactive energy made more by
the uncharged (or unused) capacity storage.

Table 5 Comparison of PR and TPF with reduction of
charge controller current capacity

Periods
o) .
52 Low High
=) irradiance irradiance
23
o o o o o
b i | = = = ‘=
v o ] T — ] S —
@ c — c = = = c =
3 3 3 3
(9p] (9p] w (9p]
PR 0.757 0.757 @ 0.674 | 0.674
TPF 0.458 0.458 0.612 @ 0.458

35 Influence of inverter power capacity on the
performance indicators

Simulation of scenario 1V is made to see the influence of
inverter power capacity on the performance indicators.
Looking at table 6, one can see that, if in the precedent
scenarios the PR is not influenced by the charge controller
current capacity and capacity of storage system of SAPV
system, in this last scenario the reduction of the inverter
power capacity influence clearly the PR. It can be justified
by the fact the if the inverter capacity is limited, all the
energy demand will not be covered.

The reduction of inverter power capacity has also
decreased TPF, this can be justified by the fact that the
huge energy which can be stored in the battery is not
sufficiently used at the end. Because of the low energy
demand. The SAPV system should be size well regarding
the scale of energy demand.

Table 6 Comparison of PR and TPF with reduction
inverter Power capacity

Periods
-U -

55 Low High

f% S irradiance irradiance

- - EPE

v g 8- 2> &- &>
(5] L = (<5 v =
(&) (&) (&) (&)
(%] wn (%] (9]

PR 0.757 0.757 0.674 0.674
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TPF | 0.458 0.458 0.612 | 0.600

4. CONCLUSION

The locations far from electricity distribution networks
and those suffering from poor electricity quality often
resort to stand-alone PV systems (SAPV) which now
appear to be the best solution for access to electricity. the
sizing methods for these systems are not perfect. It is
therefore possible to install a system that is not very
suitable for use. Indicators proposed by the IEA PVPS
Task 2, when they are well calculated, make it possible to
attenuate the errors related to the sizing. But these
indicators do not always tell us about the capacity of the
installed SAPV system actually used.

It is in this way that we have developed a new
performance indicator called the theoretical power factor
(TPF), by an original method based on the modelling of
the SAPV system in the form of a matrix equation. this
indicator informs us about the reactive energy of the
SAPV system. The reactive energy is this energy which
was solicited and installed but which is not used at the
end.

In this work, we have described the system studied,
presented the performance indicator most used in the
literature, calculated from a case study the performance
indicators (the new one and the one most used in the
literature). We have also analysed the evolution of the
reactive energy for the case study and observed the
influence of the capacity of each main element of the
SAPV system on the proposed performance indicator TPF
and on the conventional performance indicator PR. The
reduction of 40% of the main element capacity of the
SAPV system (storage system, charge controller and
inverter) in each different scenario, makes it possible to
observe during the period of low irradiance, an increase in
TPF of 0.1% in Scenario Il and no change in TPF in
Scenarios Il and 1V. During the period of high irradiance,
an increase in TPF of 17.9% is observed in scenario Il and
a decrease in TPF of 15.4% and 1.2% respectively in
scenarios 1l and 1V.

which leads to the conclusion that a low capacity of the
charge controller or the inverter is not conducive to the
optimal use of the SAPV system, especially since these
are the main points of conversion of electrical energy.
However, an appropriate value for the storage capacity is
very favourable to the optimal use of the SAPV system
because it is one of the most sensitive points in the design
and operation of SAPV systems
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ABSTRACT. Senegal has a high potential for solar energy but mainly depends on fossil energy resources. Industries,
particularly the textile sector, could benefit from the use of alternative energy sources to reduce costs and improve the
environmental footprint. This study focuses on the use of linear Fresnel solar collectors (LFSC) coupled with an Organic
Rankine Cycle (ORC) system to produce energy in textile mills, particularly in Saint Louis. The objective was to size a
Fresnel solar array and evaluate its energy production for two different periods: the sunniest month (April) and the least
sunny month (August). The findings demonstrate the substantial solar potential of the region, with significant sunshine
throughout the year. The maximum direct solar radiation recorded on August 15 and April 25 was 898 W/m2 and 945
W/Im2, respectively, at noon. The maximum energy production for one row in August is 24.4 kWh, and in April, it reaches
25.7 KWh. It is noted that, for the use of the Fresnel linear system, the number of rows will depend on the energy needs of

the textile factory.
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1. INTRODUCTION

Located in the extreme west of Africa between 12°5 and
16°5 North latitude and 11°5 and 17°5 West longitude,
Senegal covers an area of 196.712 km2. Like many
countries in Africa, solar energy is abundant in Senegal.
The whole country is sunny and receives a level of global
horizontal sunshine between 2045 and 2191 kWh/m2 /year
and 1461 of 1607 kWh/m2 /year of direct radiation. That
is 3,000 hours of sunshine per year and an average daily
solar irradiation of 5.8 kWh/m2/day [1]. The solar
potential maps show that the global horizontal irradiation
(GHI) in the centre and north averages about 2170
kWh/m?*/year. For direct normal irradiation (DNI), the
annual average is about 1607 in a large part of the north,
like Saint Louis. The energy sector is essentially
dependent on the outside world due to the predominance
of fossil energy resources (petroleum products and other
hydrocarbons) which the country does not possess.
Although the country has many natural resources whose
energy potential is proven very little exploited.

Senegal's exports have grown stronger thanks to the
development of manufacturing industries.  After
independence, industries diversified and improved the
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quality of their products to meet the growing demand of
the domestic market and neighbouring countries. In the
textile sector, the use of solar energy can be a promising
solution to reduce operating costs and improve the
environmental footprint of the industry.

Production costs have increased considerably with the rise
in energy prices, and this can affect the competitiveness of
companies. Thus, the use of alternative energy sources is
becoming an important option for these industries [2]. In
this respect and with the current context of climate
change, there is a need to think about the use of more
sustainable resources[3]. Renewable energy resources are
seen as one of the most efficient solutions [4]. Alrikabi et
al (2014) [5] worked on the types of renewable energy
sources. Their results show that by promoting renewable
energy, air pollution, soil pollution and water pollution
can be avoided and a country's economy will increase. The
use of renewable energies and particularly solar thermal
energy is one of the most promising strategies [6]. The
production of thermal energy is based on concentrating
solar power technologies. These technologies use
collectors to concentrate solar radiation onto absorbers,
which heat a heat transfer fluid to a high temperature. This
fluid can then be used to generate electricity [7]. Two
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types of solar concentrators can be distinguished: point
concentrators, which track the sun on two axes, such as
tower plants and Stirling Dish plants, and linear
concentrators, which track the sun on one axis, such as
parabolic trough concentrators and Fresnel mirrors [8].
These systems offer several advantages, such as their
ability to concentrate sunlight and their suitability for
industrial applications [9]. Industries, known for their
substantial energy consumption, can particularly benefit
from the integration of LFSCs to reduce their reliance on
fossil fuels [10].

This study focuses on investigating the potential of LFSCs
for energy production in textile factories, using the case of
Saint Louis in Senegal as an example. By examining the
technical aspects of LFSC implementation in this specific
context, this study aims to provide valuable insights for
similar settings globally. The primary objective of this
research is to assess the energy output of LFSCs in textile
factories, employing an Organic Rankine Cycle (ORC)
system as a conversion mechanism. By analyzing the
results at different times of the year, this study aims to
determine the system's performance under varying solar
conditions. To achieve these objectives, a theoretical
approach is adopted, encompassing the sizing of the
Fresnel solar array and the evaluation of energy
production.

Overall, this theoretical study serves as a foundation for
assessing the feasibility and potential benefits of
integrating LFSCs in textile factories, taking into account
the specific case of Saint Louis in Senegal. The findings
will not only contribute to the existing knowledge on solar
energy utilization but also provide valuable insights for
industries seeking sustainable energy solutions. This work
will be one of the first steps in the use of Linear Fresnel
Solar Collectors in the area.

2. SOLAR ENERGY
2.1 Solar radiation

Solar energy is an energy source that comes from the sun's
rays. It is considered to be the most powerful source of
energy and is also free and easy to use. The calculation of
the total incident solar radiation on an exposed surface
depends on several factors, such as the geographical
position of the surface, the time of day, the season, the
orientation and inclination of the surface, and the weather
conditions. Direct radiation is given by:

Iq = Ipn X cos(8;) (€Y}
With 6 the value of the angle of incidence of the sun.
And

I =A, X Xp( - X ) 2
DN 17 P, sin(h) ()
Where:

% is the pressure ratio at the location concerned with the

o

standard atmospheric pressure.
A, is the extraterrestrial solar intensity.

B is the atmospheric absorption coefficient.
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h is the angular height

P

P—L = exp(—0.0001184 x H,;,) 3)

o
A, = 1158 x [1 +0.066
x cos (360 x i)] (4)
370

B =0.175 x [1 — 0.2 X c0s(0.93 x n)] — 0.0045 x
[—co0s(1.86 x n)] (5

Hg;, is the altitude in metres above sea level.

n is the number of days in the year between 1 and 365 or
366 (leap year).

2.2 Solar energy technologies

Technologies for the exploitation of solar energy are
divided into two categories: active and passive
technologies. Active technologies convert solar energy
directly into electrical or thermal energy, such as
photovoltaic cells, solar collectors, solar concentrators,
solar heating and cooling systems, and solar cookers.
Passive technologies, on the other hand, focus on the
orientation of buildings to the sun and the use of special
materials and architectural designs to harness solar energy
[11].

Solar concentrators usually consist of two components: the
concentrator and the receiver. The concentrator reflects the
sun's rays to the receiver. The receiver acts as a heat
exchanger that converts the solar flux reflected by the
mirrors into heat. This heat is then used to produce
electrical energy or for cogeneration. There are four main
technologies of concentrating solar power plants for
electricity generation: the tower plant, the parabolic trough
plant, the parabolic or Dish plant and the linear Fresnel
plant [12].

Parabolic Trough Collector Linear Fresnel Reflector

/ Absorber Tube

\}
‘ / N F =
\L— Reflector il | i lj
Absorber

Curved Mirrors

Central Receiver

.
weu N\pge

Solar Tower Parabolic Dish

Fig. 1. Different types of solar concentrators [13]

Fresnel technology uses flat mirrors arranged to form a
parabolic cylinder shape. These mirrors are equipped with
a motorised system that allows them to follow the sun on a
single axis, to concentrate the rays towards a linear
receiver located on the focal length. This solar power plant
uses a working fluid, which can be oil or water [14].

Copyright © and. Published by Erciyes Energy Association
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Receiver

Solar
Radiation
Mirror field

Fig. 2. Linear Fresnel Reflector system representation
[15]

Linear Fresnel collectors have been used because they
have the advantage of being cheaper to produce and
install. They also require less reflective material and are
easier to maintain. In addition, linear Fresnel collectors
can be more flexible in terms of size and shape, which can
be an advantage for projects where space is limited. They
can also be adapted to operate with different working
fluids, such as oil or water, allowing them to meet a
variety of energy needs.

3. METHODOLOGY

3.1 Model sizing

The Fresnel concentrator principle is based on mirrors that
can be rotated to follow the path of the sun to permanently
redirect and concentrate the sun's rays to a fixed linear
receiver tube or set of tubes. By circulating through this
horizontal receiver, a thermodynamic liquid of up to
550°C can be vaporised and superheated. The steam
produced then drives a turbine which generates electricity
[16].

According to [17] linear Fresnel solar collectors can be
designed using two different methods. In the first method,
a fixed receiver width and height are chosen, from which
variable mirror dimensions, mirror angles and inter-mirror
distances can be calculated. In the second method, the one
used in this work, the mirror widths and receiver height
are fixed and the other device parameters are determined
by simple equations.

Fig. 3. Schematic modelling of an LFRSC [17]

In this model, each mirror is characterised by three
parameters:

v' the angle of the mirrors 6,, ;
v" the distance between the mirror and the
receiver Qy, ;
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v’ the offset between two adjacent mirrors S,,.

w
_ 1. _q|Qntgcos(®n-_1)
0, = 5 tan [7f+¥sin(9n_1) (6)
Qn = Qn—l + W X Cos(en—l) + Sn (7)

S, = WX sin(0,_;) X tan(20, + &;,) 8
In these equations:

W is the width of the mirrors, f the height of the absorber
above the plane mirrors and the index n is the mirror
number.

&, is half the apparent angle of the sun at any point on the
Earth. The initial values of the various design parameters
are given [17] :

0y =0,§=16°,5=0,0, =" et Qg =—=.

The receiver width design can be calculated based on the
data calculated for the last mirror using the formula below.

sin&,
sin20y.cos(20y + &)

w
+ > cosBysec2 Gk] 9

Here k represents the number of mirrors in a dimension.

w
B=2 [(Qk + Tcosﬁksec26k>

The concentration ratio (CR) of the Fresnel collector can
be determined by adding the concentration contribution of
the mirrors (CIn).

CR = 2 Yn=iCl, (10)
Cln = WxcosOp (11)
Up+Dp+In

With U, D, and the values of the reflected solar rays.

U, = (Qn+Wc059n.—¥c059n56029n> sin&g (12)
sin26;, cos(20,—%0)
D, = W X cos,sec26, (13)
L= Qn+¥cosensec29n sin§g 14
n = sin20p cos(26n—%80) a4

3.2 Energy balance and efficiency

The useful thermal power of the solar array is calculated
by subtracting the thermal losses from the total absorbed
power [18].

Qfield = Qinc — Quoss (15)

The thermal power absorbed by the absorber tube and the
thermal losses of the Fresnel field are calculated according
to [18].

Qinc = Nopt,o X K¢ X K} X Nendloss X €1 X Xfiela X

Agr X I4 (16)
Quoss = Afiela X 0.0724— X (—0.389 X AT +
0.0108 X AT?) + At X Qpipetoss a7

In these equations, 7,,., is the efficiency of the optical
collector for the perpendicular sun on collector, cl being
the average cleaning factor, yy;.4 being the solar field
availability, Agt is the total collector opening area and
AT is the temperature difference between the average
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temperature of the fluid in the solar field and the ambient

temperature.
Tin+Tout

AT === Tamp (18)

Nendloss 1S the final loss efficiency, it describes the amount

of the receiver that is not illuminated by the reflected rays

[19].

fxtan(6y)
Lm

Nendloss = 1- (19)

K, (0,) is the correction factor for the angle of incidence in
the transverse plane;

K;(0,) is the correction factor for the angle of incidence in
the longitudinal plane[20].

K (6) = cos(el) - ’ >< sin(6,) (20)

0(2) f+m sm( , when the 8, < 0 it

@21

K (6) =
cos (%) - # - X sin (%) X DWWX CD:D& ,when the 8; = 0 ¢
tl f+ f2+(v;’7;1) J [ ( 2 )]
Where:
Wp
©n = 2arctan ——t—— (22)
W 2
-]
And:

2
Buric = 94:46 — 25195 — 55.71 (ﬂ) — 048, +
1.772 0+115—(pm (23)

100

Equations (19) and (20) are valid only for 20°< ¢,,, <70°
and 0.50 < (DK) <0.95 [21].

w
4. RESULTS AND DISCUSSIONS

4.1 The parameters of the Fresnel system model

The MATLAB program was used to calculate the mirrors
and their distances and the results are given in Table 1. In
the calculations, the width of the mirrors W was fixed at
0.40 m, the length at 40 m and the height of the absorber
above the plane mirrors f to 6 m.

Table 1 Result of the mirror data of the linear Fresnel
collector.
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The concentration ratio (CR) of the Fresnel collector can
be determined by adding the concentration contribution of
the mirrors (Cln). The results are given in Table 2.

Table 2 Result of Condensation Rate Coefficients and
Condensation Rate vs. Mirrors.

A Dn In Cln
Mirror 1 2.8003 | 40.0666 | 2.8065 | 0.8753
Mirror 2 2.8362 | 40.2658 | 2.8488 | 0.8686
Mirror 3 2 .6947 | 40.6967 | 2.7154 | 0.8626
Mirror 4 2.9861 | 41.0580 | 3.0121 | 0.8428
Mirror 5 3.0994 | 41.6501 | 3.1329 | 0.8244
Mirror 6 3.2419 | 42.3700 | 3.2833 | 0.8029
Mirror 7 3.4142 | 43.2181 | 3.4645 | 0.7788
Total on one 5.8554
side
Concentration 11.71075
ratio

l\l/l M 2 M3 M4 | M5 | M6 M7

Q 0.2 | 0.601 | 1.006 | 1.415 | 1.829 | 2.251 | 2.680
0 61 18 55 98 31 86

19 | 3.800 | 6.118 | 7.504 | 9.301 | 11.04 | 12.73
07 2 1 4 1 68 85

It is important to note that these results were obtained for
one side of the receiver. Being symmetrical, the same data
is used for the other side. After calculating all the
necessary parameters for the mirror, the width of the
receiver found according to the data calculated for the last
mirror is 0.502 m.

4.2 Solar Irradiation and thermal energy

According to the meteorology of the site, the energy
production was calculated in August with the lowest direct
solar radiation and in April with good radiation [22]. The
amount of direct solar radiation (Id) and the instantaneous
thermal energy (Qfield) that can be provided by the solar
field was obtained from 07:00 to 17:00 on August 15 and
April 25.

mmm Qficld Id
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Id [W/m?]

thermal energy
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Time
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=
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<
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Fig. 4. Direct solar radiation and instantaneous thermal
energy on August 15 (a) and April 25 (b).

Fig. 4 shows the amount of direct solar radiation and the
instantaneous thermal energy that the solar field can
provide, measured from 7:00 am to 5:00 pm on August 15

Copyright © and. Published by Erciyes Energy Association
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(@) and April 25 (b). The results show that the region has a
large solar potential and that all months have significant
sunshine.

4.3 Energy production with the organic Rankine cycle
(ORC)

The organic Rankine cycle is a thermodynamic process
used to convert heat into electrical energy using the
system's output temperature. The choice of organic fluid
used in the ORC system is critical for its efficiency and
performance. For this process, R152a was chosen as the
organic fluid. According to [23], it gives a good working
efficiency of the turbine and a high cycle efficiency. The
energy production calculations were carried out using the
Solkane 8 software. The input parameters are as follows:
Tgpap = 100 °C, Teopng = 40 °C, Turbine-efficiency = 0.98
and Pump- efficiency = 0.89. To evaluate the electrical
energy produced by the ORC turbine system, the amounts
of useful heat transferred to the heat transfer fluid between
7 am. and m. were taken in Table 3. These data were
collected for one row on August 15 and April 25.

Solar field
Q Evp
Evaporator
—{ o
WTurbme
Pump
Gt Qc(md
Condenser

Fig. 5. ORC system representation.

Table 3 The values of energy production obtained by a
row of the organic Rankine system.

Energy, Environment and Storage (2023)03-02:52-58

11h | 9656 | 846 | 132 | 14 | 129 |
12h | 1% 11504 | 249 | 26 | 244 | O
13 | 120 1079 | 168 | 18 | 165 |
1 | 95° | 906 | 141 | 15 | 138 |
15h | 79.96 | 701 | 109 | 12 | 107 | %
16h | 5197 | 4554 | 71 | 076 | 696 | O3
17h | 2047 | 1881 | 293 | 031 | 288 |
(a) August
o oo, | Gt e pieved IS I
) ) ) )
7h | 2161|1894 | 295 | 031 | 289 |
8h | 5051|4426 | 69 | 074 | 676 | O3
oh | 7547 | 6.1 | 103 | 11 | 101 Oél
10h | 9230 | 809 | 126 | 13 | 124 |
11h 1071'8 8903 | 139 | 15 | 136 Oél
12h 195'5 167.9 | 262 | 28 | 257 Oél
3 [ 32| 76 | 19 |3 | 4
wan | %98 954 | 149 | 16 | 146 | %
15h | 8474 | 743 | 116 | 12 | 113 | %
16h | 5559 | 4871 | 7.6 | 081 | 744 |
17h | 2369 | 2076 | 324 | 035 | 317 | %

R QEvp Qcond A WPump Wnet
TN qewh | (kwh | Wrarbine| qonn” | (kWh | 7,
e (KWh
) ) ) )

7h | 1945 | 17.04 | 266 | 028 | 26 Oél
sh | 4687 | 41.07 | 64 | 068 | 6.28 Oél
oh | 7062 | 61.89 | 965 | 1.03 | 9.46 Oél
10h | 8666 | 759 | 11.8 | 13 | 116 Oél
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(b) April

The table above shows the values of energy production
obtained by a row of the organic Rankine system on 15
August (a) and 25 April (b). In this context, the
expressions QEvp represent the amount of energy entering
the evaporator (kWh), Q.onq the amount of energy drawn
from the condenser (kWh), Wyupine the amount of
energy obtained in the turbine (kwWh), Wpum,, the amount
of energy needed to operate the pump (kWh), and finally
W, corresponds to the net electricity produced by the
system (kWh). The cycle efficiency is defined as the ratio
between the net powers of the cycle to the evaporator heat
rate. The results show that the maximum amount of
energy obtained in August is 24.4 kWh, while in April it
reaches 25.7 kWh. Despite a slightly small difference,
both values indicate a high solar potential in the region.
Indeed, all months of the year are almost equally sunny,
with a slight variation. These results have implications for
the size of a linear Fresnel system, which will depend on
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the energy needs of the textile factory. For example, to
produce 500 kWh, 20 collector rows would be required.

5. CONCLUSION

The use of linear Fresnel solar collectors in textile mills
can have many economic and environmental benefits. This
work focused on the use of linear Fresnel solar collectors
(LFSC) for energy production in textile factories, using
the example of Saint Louis, Senegal. After sizing the
Fresnel solar array, the energy output was assessed using
the ORC at two distinct times: the month with the most
sunshine (April) and the month with the least sunshine
(August). The organic fluid R152a and the Solkane
program were used to calculate the electricity production.

The results show that the region has a large solar potential
and that all months have significant sunshine. According
to the calculations, the maximum direct solar radiation
obtained on August 15 and April 25 was 898 W/m? and
945 W/m?, respectively. These values were produced at
12:00 pm. With a single collector row, energy production
amounts to 24.4 kWh during the month of August, while
in April it reaches 25.7 kWh. In addition, the thermal
efficiency of the system is 12%. To optimise the needs of
a textile factory it is necessary to multiply the number of
rows. The use of this technology is a viable solution for
companies seeking to reduce their dependence on fossil
fuels and improve their environmental impact. Therefore,
it is important that companies study the economic cost of
implementing such a system of linear Fresnel solar
collectors for energy production.
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ABSTRACT. Due to the growing interest in hybrid nanofluids, researchers have been primarily focused to obtain the
thermophysical properties of hybrid nanofluids. Several parameters such as temperature, volume or weight fractions,
nanoparticle types and shapes affected the thermophysical properties of nanofluids. Accordingly, the optimization in thermal
conductivity and viscosity of nanofluids obtained by mixing binary nanocomposite particles GnP-Fe3;O4 in an ethylene glycol-
water base fluid with a mixing ratio of 20-80 % was investigated in this study. The Taguchi approach is used for single-
objective optimization and the significance values of the synthesis parameters were determined using the ANOVA technique.
Five different factors, including mechanical strring time, ultrasonic mixing time and power, surfactant mixing ratio, and
nanofluid weight ratio, were optimized at three different levels during the synthesis of hybrid nanofluids. The experimental
Lo7(3% orthogonal array trial was built in order to carry out the optimization. According to the results, mechanical striring
time was found to have the least impact on both thermophysical parameters, whereas ultrasonic mixing power, nanofluid
weight ratio, and ultrasonic mixing time were also ranked from low to high impact. The usage of surfactant was shown to be
the parameter that had the greatest impact, with rates of 63.57% and 65.31%, on thermal conductivity and viscosity,
respectively.
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1. INTRODUCTION

Heat control in thermal systems is considered one of the
most common problems of today, and numerious studies
are being conducted on the removal, recovery and storage
of the energy from the thermal system [1-4]. Nanofluids
have demonstrated their ability to be used in applications
such as energy storage, heat exchangers, and heat sinks,
resulting in improved heat transfer performance. The
determination of the thermophysical properties of
nanofluids that increase heat transfer rate in thermal
systems has also become a precondition in order to reveal

Nowadays, nanotechnology enables the development of
new types of nanofluid called composite or hybrid, which
are obtained by mixing two or more nanoparticles with the
base fluid. Despite ongoing research on nanofluids, it is
evident that the studies focusing on the application of
hybrid nanofluids in heat transfer are both contemporary
and insufficient [7,8].

The thermal conductivity of a ZnO/TiO/EG hybrid
nanofluid was studied by Toghraiel et al. [9] in the
temperature range of 25 to 50°C and in the particle volume
fraction range of 0 to 3.5%. The highest temperature and

the activity mechanisms of nanofluids. Studying the
thermophysical characteristics of hybrid nanofluids is
mostly done to identify methods for enhancing cooling
systems. [5]. The temperature of the nanofluid, particle
fraction, base fluid type, nanoparticle size, shape, and type
all affect the thermophysical properties of the nanofluid,
such as specific heat, viscosity, and thermal conductivity
[6]. Therefore, the evaluation of thermal conductivity
focuses on improving heat transfer, while viscosity is
evaluated for its effect on pressure drop under the same
flow conditions.

*Corresponding author: keklikcioglu@erciyes.edu.tr
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volume fraction were identified as generating hybrid
nanofluids with the maximum thermal conductivity. The
thermal conductivity of Al,Os-Cu/water hybrid nanofluids
with volume concentrations ranging from 0.1% to 2% was
examined by Suresh et al. [10]. For a volume concentration
of 2%, the experimental measurement of thermal
conductivity revealed a maximum improvement of 12.11%.
Experimental research on the viscosity of TiO2-Ag/engine
oil and Al;Oz-Ag/engine oil nanofluids was conducted by
Liu et al. [11]. They claimed that as particle loading
increases, viscosity decreases. Hemmat Esfe et al. [12]
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investigated at the Cu/TiO,-water/EG hybrid nanofluid's
thermal  conductivity. At  various  composition
concentrations (0.1, 0.2, 0.4, 0.8, 1, 1.5, and 2%) and
temperatures ranging from 30 to 60 °C, the thermal
characteristics of this nanofluid were measured. According
to the findings, hybrid nanofluids' thermal conductivity
improved as particle loading and temperature increased.
The effects of temperature and particle concentration on the
dynamic viscosity of the MgO-MWCNTS/EG hybrid
nanofluid were investigated by Soltani and Akbari [13]. It
was found that the dynamic viscosity can rise by up to
168% as the solid volume fraction rises from 0.1 to 1%.

As mentioned earlier, several factors, including the ratio of
nanofluid to nanoparticle concentration, the type of
nanoparticle, whether it is used in mono or hybrid
applications, and the synthesis method, affect the thermal
and hydraulic properties of nanofluids. In this case, the
effects of these various characteristics have been
investigated  through  optimization  studies. By
experimenting with several nanoparticles, including
graphite, alumina, and zirconia, Abdullah et al. [14] were
able to identify the best nano-oil combination. Using the
Taguchi Lg orthogonal array, the impact of parameters that
included various quantities of surfactants and sonication
time was examined. In comparison to the other samples, it
was determined that the zirconia nanoparticle with SDBS
surfactant and 10 minutes of sonication were the most ideal
parameters for determining the stability of nano-oil.
According to Rubasingh and Selvakumar [15], Taguchi
design and Grey relational analysis were the most alluring
approaches for taking into account the impact of the volume
fractions (1 vol.%, 2 vol.%, 4 vol.%, and 8 vol.%) of
TiO2ZnO nanocomposite on impressive thermophysical
properties for the thermal performance of nanofluids. The
stability of Al.Os/water nanofluids was investigated by
Choudhary et al. [16] utilizing zeta potential analysis. The
parameter that can interfere with the stability and thermal
conductivity of nanofluids is optimized using the Taguchi
method. S. Ravi Babu and G. Sambasiva Rao [17]
employed the Taguchi technique to examine the stability of
aqueous aluminum oxide, and the nanoparticle volume
concentration, surfactant volume concentration, and
sonication time were the variables used for optimization.
They claimed that the stability of the nanofluid is closely
correlated with the volume fraction, sonication time, pH
level, and the ratio of surfactant volume to nanoparticle
volume. The orthogonal layer (L2s) of the Taguchi design
experiment was organized.

The authors noted that the thermal and hydraulic properties
of base fluids are impacted by the unary or binary use of
nanoparticles. The authors also discovered that factors like
nanofluid fraction and synthesis methods improve the
general properties of nanofluids. Thus, in this paper, the
Taguchi method is used to assess the effects of mechanical
stirring, ultrasonic sonication time and power, surfactant
mixing ratios, and volume fractions with multi-levels on the
thermal conductivity and viscosity of a binary hybrid GnP-
Fes0a/water-ethylene glycol nanofluid. ANOVA, in
addition to the Taguchi approach, is a contributing
methodology for determining statistically significant
variance between the means of independent parameters.
The ANOVA and Taguchi techniques are utilized
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combined in the current study due to the significance of the
data they provide, and no previous research has presented
such an approach to the thermal conductivity and viscosity
of the binary hybrid nanofluid of synthesis techniques. In
this regard, it is a significant study in terms of applying a
comparable approach to the hybrid nanofluids and getting
qualified results with a little number of measurements.

2. MATERIALS AND METHODS
2.1 Synthesis of nanofluids

In this study, the synthesis approach of GnP/Fe304 water-
ethylene glycol nanofluid is optimized to determine the
influence of the technique on thermal conductivity and
viscosity. The method used varies with 0.5, 0.75, and 1%
weight fractions, surfactant/nanoparticle fractions of 1/10,
2/10, and 3/10, mechanical stirring times of 10, 20, and 30
minutes, ultrasonic sonication times of 30, 45, and 60
minutes, and sonification powers of 80, 100, and 120 watts.

Surfactant (Surfactant/Nanoparticle)
. 1m0

by

/.l—l/m

Mechanical stirring (min) Ultrasonic sonification
Pt Time (uin) Power (W)
P T .w
.o ] . 100

. 60 . 120

Base fluid Non-stable nanofluid Stable nanofluid

al— pr— {

Fig. 2. Nanofluid preparation and property measurement
setup

Table 1 The thermophysical properties of nanoparticles

[18].
Properties GnP FE304
Specific heat (J/kgK) 790 104
Density (kg/m3) 2250 5180
Thermal conductivity (W/mK) |3000 17.65
Particle size(nm) 3 12-29
Purity >99.9% |>99.5%

GnP and FesO. nanoparticles, whose thermophysical
characteristics are presented in Table 1, are acquired
commercially. The hybrid nanofluids composed of GnP-
FesOs/water-ethylene glycol was prepared utilizing the
two-step method as given in Fig.1 [19]. Initially, surfactant
(SDBS) dissolved in pure water is prepared in three

Copyright © and. Published by Erciyes Energy Association
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different ratios based on the precision balance nanoparticle
weight values (Figure 2. (€)). Using a mechanical stirrer
(Fig. 2 (b)), the base fluid is next treated with GnP-Fe304
nanoparticles and surfactant solutions to generate
nanofluids. To create highly stable hybrid nanofluids, a
BANDELIN HD3400 ultrasonic sonicator is used, as
shown in Fig. 2(f). After all the nanofluid models are
prepared, zeta potential analyses, thermal conductivity, and
viscosity measurements are conducted.

2.2 Measurement of thermophysical
nanofluid

properties of

Before evaluating the thermal conductivity and viscosity of
the hybrid nanofluid samples, the samples' stability is
assessed using the zeta potential analyzer (Zetasier), as
shown in Fig. 3(a). One of the most prominent approaches
for assessing the stability of nanofluids is zeta potential
analysis. When the zeta potential value is in the £30 mV
region, nanofluids are said to precipitate. Nanofluids having
a Zeta potential value of £0-15 mV exhibit low stability,
+15-30 mV moderate stability, £30-45 mV high stability,
and +45-60 mV very strong stability [20].

Thermal properties walyzer

Fig. 3. (a) Zeta potential analyzer, schematics of (b) thermal
conductivity and (c) viscosity measurement systems.

Using a thermal conductivity measuring device, the thermal
conductivity values of hybrid nanofluid models with
various configurations are determined, as shown in Fig.
3(b). The nanofluid sample is heated to the desired
temperature using an ultrasonic bath as given in Fig 2(c).
The KD2 Pro thermal properties analyser (Fig.2(d)), which
measures thermal conductivity, is used in combination with
the KS-1 probe. By analysing the mean readings following
three repetitions of the measurement, thermal conductivity
values are calculated. The dynamic viscosity of hybrid
nanofluid samples is measured with a rotational viscometer
(Fig. 2(a)). After the calibration of the used spindle that is
appropriate for present study viscosity range, a dynamic
viscosity measurement set-up is used as given in Fig. 3(c).
The nanofluid is spilled into a 100 ml beaker and the
measurement is carried out at a rotational speed of 60 rpm
under the constant temperature with a measurement
accuracy of 1 %. A temperature sensor was used to
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determine whether the temperature of the nanofluids is at
the desired temperature.

2.3 Optimization study parameters and levels

The Taguchi method is an approach to experimental design
that is based on analysis of variances (ANOVA) and aims
to identify the significant variables influencing experiment
variation. The Taguchi technique uses orthogonal arrays for
experimental design, which can decrease the quantity of
experiments and the amount of work required for each
experiment, as well as the time required for each
experiment and the signal-to-noise ratios (SNR).
Orthogonal arrays are classified according to their factors
and levels. One of the most essential aspects of Taguchi
analysis is the creation of the orthogonal array type.
According to the current research, there are five factors with
three levels as given in Table 2. The L#(3%) type is
generated using the Minitab 18.0 software program, as
shown in Table 3.

Table 2 Experimental factors and levels

Levels
Factors 1 2 3
A-Mechanical stirring(min) 10 20 30
B-Ultrasonic sonication time (min) 30 45 60
C-Ultrasonic sonication power(W) 80 100 | 120

D-Surfactant
fraction(surfactant/nanoparticle) 1/10 | 210 | 3/10

E-Nanofluid weight fraction(%) 05 |]075|1

Table 3 The experimental plan that is created using the
L27(3% orthogonal array.

Trial Factors

A| B | C|D|E
1 1 1 1 1 1
2 1 1 1 1 2
3 1 1 1 1 3
4 1 2 2 2 1
5 1 2 2 2 2
6 1 2 2 2 3
7 1 3 3 3 1
8 1 3 3 3 2
9 1 3 3 3 3
10| 2 1 2 3 1
11| 2 1 2 3 2
12| 2 1 2 3 3
13| 2 2 3 1 1
14 | 2 2 3 1 2
15| 2 2 3 1 3
16 | 2 3 1 2 1
17 | 2 3 1 2 2
18 | 2 3 1 2 3
19| 3 1 3 2 1
20 | 3 1 3 2 2
21| 3 1 3 2 3
22 | 3 2 1 3 1
23 | 3 2 1 3 2
24 | 3 2 1 3 3
25| 3 3 2 1 1
26 | 3 3 2 1 2

3 3 2 1 3
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A performance statistic is used to evaluate the determined
characteristics of the objectives (SNR). As opposed to
noise, which affects test results but cannot be included in
the design of the experiment, signal refers to the actual
value in the experiment. Generally speaking, there are three
ways to evaluate the SNR: "larger the better,” "nominal the
better," and "smaller the better"[21,22]. Nanofluids are
frequently used in studies aimed at enhancing heat transfer.
While they contribute positively to improving heat transfer
in thermal systems, they also have an undesired effect of
increasing pressure drop. The main approach in this study
aims to develop a hybrid fluid model that achieves a
relatively higher thermal conductivity, which is a measure
of heat transfer capability, while keeping the increase in
viscosity, which is the fundamental cause of pressure drop,
lower. Therefore, the "larger is better" approach is used in
evaluating thermal conductivity, while the "smaller is
better" approach is employed in assessing viscosity. The
following Egs. 1 and 2 are employed in this evaluation
based on the characteristics.

1 1
Zy =—10log (; i=1 ﬁ) M)

Z, = -10log (33, v?) )

The performance of the i experiment is denoted by Y,
while Z is the value of performance statistics, and n
represents the number of repetitions of verification
experiments.

3. RESULT
3.1 Taguchi analyses

The Taguchi experimental design method enables
simultaneous consideration of multiple factors and delivers
the best outcome with the fewest experiments. The
experimental study data are then transformed into a signal
to noise ratio using the Taguchi technique.

According to the experimental plan that given in Table 3.,
Table 4. lists the measured thermophysical characteristics
of the ethylene glycol-water-based GnP-Fe3O. nanofluid
and the SNR values of the parameters.

Table 4 The experimental measurement and SNR values
for thermal conductivity and viscosity

Measurement SNR

. Thermal . . Thermal . .
Trial conductivity V:(sc/osny conductivity VLSC/OS'W
wimk) | KIMS) | wyymiy | (ka/ms)

1 0,5122 0,00160 -5,81121 55,9176
2 0,5173 0,00161 -5,72515 55,8635
3 0,5229 0,00163 -5,63163 55,7562
4 0,5150 0,00154 -5,76386 56,2496
5 0,5173 0,00155 -5,72515 56,1934
6 0,5179 0,00156 -5,71508 56,1375
7 0,5113 0,00141 -5,82648 57,0156
8 0,5126 0,00146 -5,80443 56,7129
9 0,5139 0,00148 -5,78243 56,5948
10 0,5004 0,00151 -6,01365 56,4205
11 0,5014 0,00152 -5,09631 56,3631
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12 0,5025 0,00154 -5,97728 56,2496
13 0,5291 0,00157 -5,52924 56,0820
14 0,5262 0,00158 -5,57698 56,0269
15 0,5310 0,00159 -5,49811 55,9721
16 0,5110 0,00152 -5,83158 56,3631
17 0,5230 0,00153 -5,62997 56,3062
18 0,5243 0,00155 -5,60840 56,1934
19 0,5038 0,00156 -5,95484 56,1375
20 0,5158 0,00157 -5,75037 56,0820
21 0,5159 0,00158 -5,74869 56,0269
22 0,5029 0,00151 -5,97037 56,4205
23 0,5082 0,00152 -5,87931 56,3631
24 0,5095 0,00153 -5,85712 56,3062
25 0,5343 0,00156 -5,44430 56,1375
26 0,5331 0,00158 -5,46383 56,0269
27 0,5318 0,00160 -5,48503 55,9176

Main Effects Plot for SN ratios
Data Means

A B C D E

Mean of SN ratios

Signal-to-noise: Larger is better

Fig. 4. The mean of SNRs for thermal conductivity.

Fig 4. shows the mean of SNRs for thermal conductivity.
The SNR values of mechanical stirring, ultrasonic
sonication time and power, and nanofluid weight fraction
progress an increment trend with risen level of each
parameter. On the contrary, the SNR values tend to
decrease with the use of higher fraction of surfactant as in
Fig. 4.

Table 5 Average SNR values for thermal conductivity

Levels
Factors
1 2 3
A -5,75 -5,74 -5,73
B -5,85 -5,72 -5,65
C -5,77 -5,73 -5,72
D -5,57 -5,75 -5,90
E -5,79 -5,73 -5,70
Mean=-5,74 dB

*Optimum level

Table 5 summarizes the average SNR values for factors
with a variety of levels. The obtained findings indicate that,
the highest SNR value of -5.57 dB is confirmed for factor
D (surfactant fraction) at the lowest level of 1/10, while the
lowest SNR of -5.90 dB is determined for the highest level
of 3/10. The highest SNR values for thermal conductivity
are obtained with the highest levels of mechanical stirring,
ultrasonic sonication time and power, and nanofluid weight

Copyright © and. Published by Erciyes Energy Association
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fraction. As given in Table 5. the configuration of
A3B3C3D1E3 shows the best SNR values or thermal
conductivity.

Fig. 5. demonstrates the average SNR distribution versus
variety parameters and levels. The acquired data show that
the surfactant ratio has the greatest impact on the range of
SNR distribution for viscosity; besides, the SNR values
tend to rise with ascending of ultrasonic sonication and
time, and the surfactant fraction.

Main Effects Plot for SN ratios
Data Means
A B

S /\

3 1 2

Mean of SN ratios

1 2 3 1 2

Signal-to-noise Smaller is better

Fig. 5. The mean of SNRs for viscosity.

Table 6 Average SNR values for viscosity

Levels
Factors
1 2 3
A 56,27 56,22 56,16
B 56,09 56,19 56,36
C 56,17 56,19 56,29
D 55,97 56,19 56,49
E 56,30 56,22 56,13

Mean=56,22 dB
*Optimum level

As can be understood from Table 6, the surfactant fraction
is the most effective parameter on viscosity as well as
thermal conductivity. While the highest SNR value is
obtained at the highest level of this factor, the lowest SNR
value is also obtained at the lowest level of the surfactant
fraction factor. The highest level of ultrasonic sonication
time and power, and surfactant fraction also achieve the
highest SNR for viscosity. The optimum configuration for
viscosity is determined as A1B3C3D3EL, with an average
SNR of 56.22 dB obtained from all factors and levels.

3.2 ANOVA approach

The Taguchi technique is based on the analysis of variance
(ANOVA), which is used when comparing two or more
independent groups. In the current study, the influence of
five independent factors on the thermal conductivity and
viscosity of hybrid nanofluid is examined; as a result, an
ANOVA is used to calculate the effect rates of the
independent parameters.

The results of the ANOVA for the effects of thermal
conductivity by the applied variables and levels are shown
in Table 7. Accordingly, the contributions are as follows in

order of importance: surfactant fraction, ultrasonic
sonication time, nanofluid weight fraction, and ultrasonic
sonication power and mechanical stirring. Table 7 shows
that the surfactant fraction, which has a 63.57%
contribution rate, is the most effective parameter.

As shown in Figure 6, ultrasonic sonication time provides
the second highest and the nanofluid weight fraction
provides the third highest contribution to thermal
conductivity with 23.53% and 5.49%, respectively, while
mechanical stirring provides the lowest contribution with

0.39%.
Table 7 ANOVA results for thermal conductivity
Factors|DF| Seq SS |Contribution| Adj SS | Adj MS | F-Test
A 2 10,002984 0,39% 0,002984(0,001492| 0,51
B 2 10,170625| 25,53% |0,170625|0,085312| 28,98
C 2 10,01357 1,79% 0,01357 |0,006785| 2,3
D 2 10,48144 63,57% 0,48144 | 0,24072 | 81,76
E 2 10,041585 5,49% 0,041585|0,020793| 7,06
Error |16(0,047106 0,02% 0,047106|0,002944
Total |26|0,757311| 100,00%
70% 63,57%
60%
" 50%
é 40%
é 30% 25,53%
- 20%
10% - 1 79% 5,49%
0,39% ’ _

Parameters

= A EB

CED®

E

Fig. 6. The contribution rate for thermal conductivity.

Table 8 ANOVA results for viscosity

Factors|DF| Seq SS |Contribution| Adj SS | Adj MS | F-Test
A 2 10,05831 3,02% 0,058310,029154| 10,03
B 2 10,34005| 17,59% |0,34005|0,170025| 58,47
C 2 10,08526 4,41% 0,08526 | 0,04263 | 14,66
D 2 11,26229| 65,31% [1,26229|0,631146| 217,06
E 2 10,14041 7,26% 0,1404110,070204| 24,14

Error [16]0,04652 2,41% 0,04652 |0,002908
Total [26)1,93284| 100,00%
70% 65,31%
60%
" 50%
é 40%
% 30%
S 20% 17,59%
0% 3,02% 4,41% 2,41%
0% L] I
Parameters
A EB CmDmeE

63

Fig. 7. The contribution rate for viscosity.
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As listed in Table 8, the surfactant fraction shows the
greatest contribution with 65.31% on viscosity, followed by
ultrasonic sonication time at 17.59%, which is similar to the
findings for thermal conductivity. The nanofluid weight
fraction provides the lowest, followed by mechanical
stirring with the second-lowest contribution, and ultrasonic
sonication power with the third-lowest contribution order,
according to an evaluation of the contribution rates shown
in Figure 7.

As evidenced by the findings of the study, the utilization of
nanoparticles exhibits a pronounced influence on thermal
conductivity while demonstrating a comparatively lesser
impact on viscosity. These outcomes are consistent with the
research conducted by Wohld et al.[23]. Furthermore,
Mane and Hemadri [24] emphasized in their ANOVA
results that the CuO+Fe30s nanofluid contributed the
highest enhancement to thermal conductivity, consistent
with the findings of this study, highlighting the role of
surfactant utilization. Lastly, Karmare et al.[] stated that
particle loading is a significant factor influencing both
viscosity and thermal conductivity, aligning with the results
of our study.

4. CONCLUSION

The effects of varying the mechanical stirring, ultrasonic
sonification time and power, surfactant fraction, and
nanofluid weight fraction on the thermal conductivity and
viscosity of a binary hybrid GnP-Fe;Oa/ethylene glycol-
water nanofluid are taken into account in the current
research. The viscosity and thermal conductivity are
optimized with a single objective in consideration. The
effects of each parameter are also evaluated using ANOVA.
The findings are as follows:

¢ Insingle-objective optimization, the highest level
of factors A, B, C and E produces the highest SNR
values for thermal conductivity, while the lowest
level of D factor provides the highest SNR value.
For viscosity, maximum SNR values are
determined at the lowest levels of factors A and E,
and at the highest levels of factors B, C and D.

e It is concluded that the optimum experimental
variation  for  thermal  conductivity is
A3B3C3D1E3, while for viscosity the optimum
variation is AIB3C3D3EL1.

e For thermal conductivity, the most significant
factors are surfactant fraction, ultrasonic
sonication time, nanofluid weight fraction,
ultrasonic sonication power, and mechanical
mixing; for viscosity, the factors are surfactant
fraction, ultrasonic sonication time, ultrasonic
sonication power, mechanical mixing, and
nanofluid weight ratio.

o ANOVA approach determines that the highest
contribution for both thermophysical properties is
provided by the surfactant fraction, such a result
contributes to the fact that it is more possible to
determine the thermophysical properties of stable
nanofluids.
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ABSTRACT. In this study, a new type of deep eutectic solvent was prepared and tested for the selective extraction of
nitrogen compounds from model fuels. DES2 was made of triethylammonium acetate [TEA]*[AcQO] and glycerol in a
volume ratio of 1:6. The extraction capacity of DES2 was evaluated and compared to DESla, and DES1b. The
denitrification process was carried out at room temperature. The volume ratio of DESs to model fuels were taken 1:1.
Obtained results showed, that DES2 was highly selective for all nitrogen compounds (pyridine, quinoline, indole, and
pyridine/quinoline mixture) in a one-step liquid-liquid extraction (LLE). The purification rate of the pyridine, indole and
pyridine/quinoline mixture was 100, 98 and 88% in one hour. Quinoline showed high-extraction efficiency (92%) in three
hours of mixing time. All experiments were evaluated by NMR spectra.
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The abbreviations: Deep eutectic solvents, analogs to ionic liquids have
emerged as a new generation of eco-friendly solvents.

DESs -Deep eutectic solvents DESs are typically easy to synthesize. It is prepared by

DES1a - NH4Cl:Glycerol (1:12)

DES1b - NH4Cl:Glycerol (1:6)

DES?2 - Triethylammonium acetate:Glycerol (1:6)
[TEA]*[AcO] -triethylammonium acetate

HBD -hydrogen bond donor

HBA -hydrogen bond acceptor

LLE -liquid-liquid extraction

The current work reports the selective separation of
nitrogen compounds with a new deep eutectic solvent
DES2. Pyridine, quinoline, indole, and pyridine/quinoline
mixture with 1,7% were the content of model fuel
(mixtures of n-decane and n-hexadecane). The purification
of model fuels by DESs was investigated and evaluated at
room temperature.

1. INTRODUCTION

The fundamental principles of green chemistry aim to

The results showed the extraction capacity of DES2 was
higher than DESla and DES1b for all nitrogen

design less consumption of energy, use non-toxic
chemical reagents, decrease environmental pollution, and
include waste prevention [1]. For this reason, new types of
green solvents called ionic liquids, invested as alternatives
to classical organic solvents. ILs have been widely used
due to their remarkable properties such as high thermal
stability, low vapor pressure, nonflammability, recycling,
etc[2-4]. However, some disadvantages of ILs limited
their application. The poor biodegradability, toxicity,
complexity, and highly costly synthesis are considerable
drawbacks to the use of these solvents [5].

*Corresponding author: bsu.nmrlab@gmail.com
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components. For the pyridine, quinoline, indole, and
pyridine/quinoline mixtures high results were obtained in
1 hour by DES2. The experiments were evaluated by *H
NMR analysis.

2. EXPERIMENTAL
2.1 Materials and methods

Chemicals

All chemicals used in this paper were obtained from
Sigma-Aldrich (Germany). Pyridine, quinoline, and indole
with > 99% high purity were used to prepare new model
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fuel samples. Triethylammonium acetate [TEA]*[AcO]
was synthesized in the laboratory.

Synthesis of DESs

DES2 was synthesized by mixing triethylammonium
acetate [TEA]'[AcO] as a hydrogen bond acceptor and
glycerol as a hydrogen bond donor. The volume ratio of
HBA:HBD was taken 1:6.

Experimental procedure

Pyridine, quinoline, pyridine/quinoline and indole with
1,7% content were added to the mixture of n-decane and
hexadecane (model fuel). LLE process was investigated in
a volume ratio of DESs to model fuels 1:1. All
experiments were carried out at room temperature (Figure
1and 2).

Fig. 2. LLE of nitrogen compounds from the model fuel

NMR analysis

LLE evaluation was by the integral intensity of 1H NMR
spectra. NMR experiments have been performed on a
BRUKER FT NMR spectrometer (UltraShieldTM
Magnet) AVANCE 300 (300.130 MHz) with a BVT 3200
variable temperature unit in 5 mm sample tubes using
Bruker Standard software (TopSpin 3.1). The *H chemical
shifts were referenced to internal tetramethylsilane (TMS);
the experimental parameters for *H: digital resolution =
0.23 Hz, SWH = 7530 Hz, TD = 32 K, SI = 16 K, 90°
pulse-length = 10 ps, PL1 =3 dB, ns-= 1, ds= 0, d1 =1 s;
for 13C: digital resolution = 0.27 Hz, SWH = 17985 Hz,
TD = 64 K, SI = 32 K, 90° pulse-length =9 ps, PL1 = 1.5
dB, ns= 100, ds= 2, d1= 3 s. NMR-grade CDCl; was used
for the analysis of model fuel blends.
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3. RESULTS AND DISCUSSION
3.1 Characterization of DESs

Some physical properties of DESs have shown in Table 1.
The value of solvent viscosity and density are
considerable factors for the separation process. The energy
consumption of the mixing process and the mixing regime
is determined due to viscosity and density. On the other
side, the rate of stratification also depends on the solvent
density [17].

Table 1 Some physical properties of DESs

Type of Density at  Viscosity, at  Viscosity, at
DES 20°C, 20°C, mm?/s 40°C, mm?/s
(HBA: g/sm?3
HBD)
DES 1a 1,2307 97,384 32,647
DES 1b 1,2309 81,656 27,829
DES 2 1,1949 120,812 36,780

In addition, the stability data was tested at 298,15 K, 1
atm. over a month. All DESs showed high results and
remained as homogenous liquid at room temperature.

3.2. Liquid-liquid extraction process

From our previous research, it is obvious that DES1a and
DES1b were checked for the selective extraction of
pyridine, quinoline, indole and pyridine/quinoline mixture.
In this work, we studied the separation of all indicated
nitrogen  compounds by DES2, based on
triethylammonium  acetate [TEA]*[AcO]" and the
selectivity compared to DESla and DES1b. All
experiments were carried out at room temperature.

As can be seen from Table 2 and Table 3, the optimal
separation efficiencies of indole were observed in 3 hours
of mixing time. DES1b (94%) was more selective than
DESla (80%) in the same molar ratio and reaction
conditions. However, in three hours of mixing time, the
maximum separation results of quinoline were 60% by
DES1a and 50% by DES1b.

Pyridine was completely separated in one hour of mixing
time by DES1b. The pyridine/quinoline mixture was
purified from the model fuel in one-hour mixing time by
DES1a. The high extraction efficiency was 72%.
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Table 2 Extraction of nitrogen compounds by DES1a at
room temperature

DES [NH4ClI (1): Glycerol (12)]

Amount of DES: Time Separation
nitrogen fuel (hour) efficiency,
compounds (volume (%)
ratio)
Pyridine (1,7%) 1:1 1 87
Pyridine (1,7%) 1:1 3 92
Pyridine (1,7%) 1:1 5 85
Indole (1,7%) 11 1 38
Indole (1,7%) 11 3 80
Indole (1,7%) 11 5 71
Quinoline (1,7%) 11 1 40
Quinoline (1,7%) 1:1 3 60
Quinoline (1,7%) 1:1 5 46
Pyridine/Quinoline 1:1 1 72
(1,7%)
Pyridine/Quinoline 11 3 58
(1,7%)
Pyridine/Quinoline 11 5 45
(1,7%)

Table 3 Extraction of nitrogen compounds by DES1b at
room temperature

DES [NH4CI (1): Glycerol (6)]

Amount of DES: Time Separation
nitrogen fuel (hour) efficiency,
compounds (volume (%)
ratio)
Pyridine (1,7%) 1:1 1 100
Pyridine (1,7%) 1:1 3 91
Pyridine (1,7%) 1:1 5 85
Indole (1,7%) 1:1 1 49
Indole (1,7%) 1:1 3 94
Indole (1,7%) 1:1 5 88
Quinoline (1,7%) 1:1 1 42
Quinoline (1,7%) 1:1 3 50
Quinoline (1,7%) 1:1 5 43
Pyridine/Quinoline 1:1 1 62
(1,7%)
Pyridine/Quinoline 1:1 3 55
(1,7%)
Pyridine/Quinoline 1:1 5 48
(1,7%)

The extraction capacity of DES2 for each nitrogen component
was listed in Table 4. NMR analysis for pyridine, quinoline,
indole, and pyridine/quinoline mixture showed, that high
results were in 1 hour mixing time. Pyridine was completely
separated from model fuel (Figure 3). The purification rate of
the indole and pyridine/quinoline mixture was 98% and 88%.
Quinoline showed high-extraction efficiency in three hours of
mixing time. We could receive 92% separation at a single-
stage LLE.
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Table 4 Extraction of nitrogen compounds by DES? at
room temperature

DES [triethylammonium acetate (1): Glycerol (6)]

Amount of DES: fuel Time Separation
nitrogen (volume (hour) efficiency,
compounds ratio) (%)
Pyridine (1,7%) 11 1 100
Pyridine (1,7%) 11 3 94
Pyridine (1,7%) 11 5 83
Indole (1,7%) 11 1 98
Indole (1,7%) 1:1 3 86
Indole (1,7%) 1:1 5 73
Quinoline (1,7%) 1:1 1 81
Quinoline (1,7%) 1:1 3 92
Quinoline (1,7%) 11 5 59
Pyridine/Quinoline 11 1 88
(1,7%)
Pyridine/Quinoline 11 3 63
(1,7%)
Pyridine/Quinoline 1:1 5 51
(1,7%)

It is also evident from Scheme 1, DES2 is more selective for
the denitrification process than DESla and DES1b. In one
hour of mixing time, DES2 showed very high extraction for
each nitrogen compound. The separation efficiency decreased
linearly with increasing mixing time for the pyridine, indole,
and pyridine/quinoline mixture. In contrast to other
compounds, the best result for quinoline was reached in three
hours of mixing time by DES2. DESs can be ranked
according to the ability of removing nitrogen compounds
from model fuel like that: DES1a<DES1b<DES2.
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Scheme 1. The separation efficiency of nitrogen compounds
by DES1a, DES1b, and DES2
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4. CONCLUSION

In this study, we investigated the selectivity of a new type
of deep eutectic solvent for the separation of nitrogen
compounds from model fuel. DES2 was synthesized by
mixing triethylammonium acetate as HBA and glycerol as
HBD. The denitrification process was carried out at room
temperature, and the results were compared between
DES1a, DES1b, and DES2. From the obtained results, it is
obvious that DES2 is more selective for all nitrogen
components. In one hour of mixing, the maximum
separation  efficiencies  of  the indole  and
pyridine/quinoline  mixture were 98% and 88%,
respectively, by using DES2. High-efficiency separation
for quinoline was 92% in three hours of mixing time.
Pyridine was completely separated from model fuel at a
single-stage LLE by DES1b and DES2. DES1a showed a
lower selectivity capacity for the most of nitrogen
components than DES1b and DES2.
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ABSTRACT. Agriculture is one of the biggest sectors and energy consumption during agricultural production causes a
release of 11 % of greenhouse gasses leading to climate change. Since after the industrialization of agriculture, farming
systems shifted towards high-intensity farming, yet in Tiirkiye, traditional farming methods continue. In this study we
compare the energy efficiency of organic vs. conventional olive groves in Kaz Mountains, Tirkiye. 71 farmers were
interviewed face-to-face in two subsequent years and the energy efficiency of the olive production process was calculated as
the ratio of the energy spent during farming to the energy content of the fruit. Fuel use was calculated under the direct energy
input, whereas production processes of fertilizer, agricultural machinery, maintenance and repair, human and animal labor
were calculated under indirect energy inputs. Here we show that conventional olive production was less energy efficient due
to the high indirect energy input during the production of synthetic fertilizers. There was no relationship between the energy
input and yield. This study shows that by improving energy efficiency, the technical performance of agricultural systems can

be increased and their negative impact on the environment can be reduced.
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1. INTRODUCTION

Olive production in Tiirkiye has developed rapidly since
1937. Traditional olive production generally involves
building stone terraces along slopes in shallow fertile soil
type [1] where main energy is human and animal power
with lack of chemical input. Although profound changes
have been made in the practices in olive groves while low-
density systems are replaced by high-density farms [2], in
Tiirkiye many olive groves continue produce olive with
traditional farming methods while adding the use of
synthetic fertilizers and pesticides, a very broad farming
method defined as conventional farming. Yet, due to the
environmental impacts of pesticide use in conventional
farming, and with the increase of awareness among farmers
and consumers, organic farming, an agricultural method
where synthetic inputs are banned, has gained more
importance. The demand for products produced by organic
methods has gradually increased and organic product
markets have developed rapidly [3].

Conventional and organic farming have differences in
applications, one of the most prominent differences is the
ban of synthetic chemical use in organic farming. Yet,

*Corre sponding author: ekaracetin@erciyes.edu.tr
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except this difference there also are many similarities such
as the use of fossil fuel, agricultural machinery, irrigation
methods. Mechanization is one factor increasing the energy
demand and use and due to this fact energy consumption in
the agricultural sector is increasing rapidly [4]. Energy
consumption in turn, causes environmental problems such
as global warming, air pollution, acid rain and ozone
depletion [5]. To ensure a sustainable development in the
agricultural sector, it is essential to increase energy
efficiency and as the concept of sustainable development
gains more and more importance, the efforts towards
energy efficiency are also becoming important. For this
purpose, improving energy efficiency during all stages,
preventing waste, reducing energy loss both on sectoral and
macro level are among the priority actions [4]. If energy
efficiency can be improved, the technical performance of
the agricultural system will increase, while the damage to
the environment will be reduced. Increasing energy
efficiency will contribute economically to producers as well
as reducing environmental impacts [6].

Many studies have been carried out in different countries
on the energy efficiency of olive groves. The energy
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efficiency of olive groves in Greece [3, 7, 8], Italy [9, 10],
Spain [11], Morocco and Portugal [12] were previously
studied. In Tiirkiye, the research in this area is very limited.
Hence it is important to compare different production
methods and determine the most suitable methods to reduce
energy use without causing a decrease in the yield in order
to reduce the negative effects of agriculture on the
environment.

This study concentrates on olive farms to compare the
energy efficiency and yield between conventional and
organic olive groves in Kaz Mountains, Canakkale,
Tirkiye. Two questions were answered “Which farming
type uses more energy, organic or conventional?” and
“Which farming type is more energy efficient?”. This paper
also tries to answer if small adjustments in each farming
methods can be made to decrease the environmental
impacts and increase the energy efficiency of olive
production.

2. MATERIALS AND METHODS
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2.1 Study Area

One of the leading regions in olive cultivation in Turkey is
the Marmara Region, where Tiirkiye realizes 18% of its
total olive production [13, 14]. In Canakkale, 9.6% of the
agricultural lands are covered with olive groves and Turkey
meets 7.3% of its olive production from Canakkale [15].
Olive groves are more concentrated in the coastal parts of
Ayvacik and Ezine districts. About 1,734,000 of the
4,107,000 olive trees in the province belong to Ayvacik
districts [16].

The study was carried out in olive groves in Kaz Mountains,
north of Edremit Bay, between Balikesir and Canakkale
provinces in the Marmara Region (Fig. 1). Kaz Mountains
are located between 26°15'-26°35' east longitudes and
39°30’-39°50" north latitudes. The region is surrounded by
Ayvacik and Ezine provinces in the west, Bayramic¢ and
Can in the north, Kalkim, Yenice and Balya in the east, and
Edremit and Havran in the south [17].

BAHCEDERE
¢
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v

Fig. 1. The study area (Red color: Organic farms, blue: conventional farms, green: natural areas).

The olive groves are located both on slope and flat areas
and the climate has both the characteristics of the Central
Anatolia and the Mediterranean Regions [17]. While the
annual precipitation ranges between 579.1 mm and 844.3
mm, the annual average relative humidity varies between
60% and 74%, and the annual average temperature between
12.8 °C and 13.2 °C [18].

2.2 Aim and Scope

The aim of this study is to determine if energy efficiency
differs between conventional and organic olive production
systems in Kaz Mountains. agricultural activities will be
recommended.

Two different olive groves, organic and conventional, were
studied in Kaz Mountains. Fig. 2 shows the system
boundaries of organic and conventional olive groves. In
organic areas, it is allowed to use burgundy slurry (a
mixture of copper (1) sulfate and slaked lime) authorized
by the EU to combat fungal disease on olive trees.
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Fig. 2. System boundaries of organic and conventional olive groves. (Applications written in bold are the most frequently
used applications.)

The data for the years 2015 and 2016 used in this study were
taken from the project data titled 'Determination of
Biodiversity Friendly Agricultural Activities in Olive
Groves in Kaz Mountains'-.To be able to properly represent
the production metods of the local region, GIS methods
were applied. First by using ArcGIS, organic olive
production sites with a size of 6 ha and above were selected
and the conventional farms with similar topographic
features were later included to the study [19]. In two
subsequent years (2015 and 2016), face-to-face interviews
were organized. In 2015, farmers from 27 organic parcels
and 37 conventional parcels participated while in 2016,
farmers from 24 organic parcels and 32 conventional
parcels participated. The farmers were asked of their
production methads, tools, inputs, and outputs throughout
these two growing seasons.

The farmers were evaluated in two categories in the study:
(1) Producers who carry out organic certified olive growing
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activities and those who have adopted organic production
although they do not have a certificate, (2) Conventional
producers. The farms were monitored regularly for
biodiversity studies and pesticide and herbicide analyses
were carried out at the end of the project. Farmers who do
not follow strictly organic production protocols were
removed from the organic farmers group.

2.3 Energy Efficiency in Agricultural System

Providing a global view of the efficiency of the farm
process, energy analysis is an ideal method for addressing
agriculture in a sustainable way [3]. To obtain the farm
inputs, all the energy spent from the extraction of raw
materials to the final product is calculated. This analysis
also shows the socio-economic aspects of the agricultural
process, as energy from fossil fuels can in some cases be
replaced by human labor. The equation of energy efficiency
is expressed as [3]:
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MJ product energy content (%;ll) (output)

EE(W) =

— D
enegy used for production (Fyﬂ) (input)

where EE is energy efficiency.

The energy efficiency calculation includes the energy
content of the product and the comparison of the energy
consumed. The main limits in the calculation of the energy
efficiency method include economy-related inputs such as
fossil fuels and fertilizers/manures, and labor-based energy
inputs.

2.3.1 Energy input calculations

Energy in agricultural systems is generally examined under
two main categories: direct and indirect energy use. Direct
energy includes the use of electricity, fuel, oil, coal,
petroleum products, natural gas, biomass, etc., which are
related to the fuel use. Indirect energy, on the other hand, is
the energy required for human and animal labor,
agricultural implements, fertilizers/manures, pesticides,
irrigation, and seed production [20]. Table 1 shows the
direct and indirect energy sources included in this study.

Table 1 The Direct and Indirect Energy Sources and
Related References Included in This Study

Direct Energy Sources Indirect Energy Sources
Fuel use for the tractor Fertilizer and manure

[3] production [3]

Fuel use for chainsaw [3] | Tractor production,
maintenance, and repair [3]
Human labor [20]

Animal labor [20]

Energy, Environment and Storage, (2023)03-02:70-80

The direct energy sources were limited to the use of fuel for
the tractor and chainsaw as shown in Table 2. The engine
power of agricultural implements (tractor and chainsaw),
given in horsepower (HP), were converted to MJ and an
additional 23% value was added for the extraction,
processing, transportation and refining of final products and
crude oil [3]. Indirect energy sources were listed as
fertilizer/manure  production,  tractor  production,
maintenance and repair, animal, and human labor (Table 2).

The energy content of sheep and goat manure was
calculated as 15.4 kcal/kg and the energy content of chicken
manure was as 1.033MJ/kg with the renewable energy
(grass for sheep and goats) found in the feed used by
animals being included [3, 21]. The energy retained in
chemical fertilizers were 47.1 MJ/kg chemical-N, 15.8
MJ/kg P205 and 9.3 MJ/kg K20 [3].

While calculating the amount of energy arising from the
production, maintenance and repair of the tractor, the power
of the tractor is converted into the mass of the tractor and
the energy amount corresponding to the mass of the tractors
is taken as 144 MJ/kg. When calculating the amount of
machinery needed for a particular operation (kg/ha/year),
the mass amount corresponding to the tractor's power (kg)
is multiplied by the tractor's operation time (h/ha/year) and
divided by the life of the machine (h) [3].

Table 2 shows the amount of mass corresponding to the
power of the tractor and the lifetimes of the machines to
calculate the amount of machine needed for a particular
operation.

Table 2 The Power, Working Capacity, Weight, and Life of Tractors [22]

Tractors Weight Life (year) | Workingtime | Usage Life (hour)
(kg) (hour/year)
Tractor 0-29kW (0-40 hp) 1900 12 Hour 500 6000
Tractor 30-64kW (41-87 hp) 3300 12 Hour 600 7200
Tractor 65-94kW (88-128 hp) 5300 12 Hour 600 7200
Tractor 95-128kW (129-163 hp) 6450 12 Hour 600 7200
The energy input originating from the human labor used in
the production process is expressed as follows [20]:
IE
_ (0,268 x Lf x WDIf x WHIf) + (0,268 x Lh x WDlh x WH1h) @

where IE is labor energy (MJ/halyear); Lf, Lh, family labor
and hired labor (person); number of days worked
(days/year) for WDIf, WDIh, family workforce and hired
workforce; daily working time (hr./day) for WHIf, WHIh,
family workforce and hired workforce; 1A is the area
worked (ha)

IA

To calculate animal labor, following coefficients were used
for the fieldwork; for horse use power was 0.50 kW and
time utilization coefficient was 71% while for ox use the
power was 0.40 kW and time utilization coefficient was
70% [20]. In our study area main animal labor was carried
through horses.
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2.3.2 Energy output calculations

Energy output was calculated by multiplying the yield
(kg/halyear) with the energy content of the olive (MJ/kg)
where the energy content of 1 kg of olives was taken as 7.1
MJ [3].

3. RESULTS

3.1 The Major Differences Between Organic and
Conventional Olive Production

The production method of conventional and organic olive
groves had many similarities as well as differences. Within
the scope of the study, one-on-one interviews were
conducted with 37 conventional producers and 27 organic
producers in 2015, and 32 conventional producers and 24

organic producers in 2016. Table 3 summarizes the major
steps of olive production. Organic farmers mostly used
manure or certified organic fertilizers whereas conventional
farmers applied 15-15-15 NPK or 20-20-0 NP fertilizers
intensively. In addition, conventional producers also
applied ammonium sulfate fertilizer, 20-20-20 NPK
fertilizer, manure, smart manure, organic manure, triple
super phosphate, or potassium sulfate fertilizers. For
disease control, both conventional and organic farmers used
bordeaux mixture, whereas conventional farmers also used
fly traps with pesticides in addition to leaf fertilizer,
pesticides for olive moth and/or black scale. Regardless of
organic or conventional, none of the farmers irrigated their
olive groves.

Table 3 Comparison of Organic vs. Conventional Olive Production Steps in 2015 and 2016.

Year 2015 2016

Application Organic Conventional Organic Conventional

Fertilizer Application Yes No Yes No Yes No Yes No
9 18 13 31 1 36 1

Only Manure 9 3 11 3

Only Synthetic Fertilizer 0 31 0 25

Both Manure and Synthetic 0 2 0 3

Fertilizer

Pest / Disease Control Yes No Yes No Yes No Yes No
7 20 18 8 24 9 28

Use of Bordeaux Mixture 7 6 6 2

and/or  Certified  Organic

Pesticides

Pesticide Use 0 1 0 1

Bordeaux Mixture and 0 2 0 5

Pesticide Use

Weed Control Yes No Yes No Yes No Yes No
21 6 15 24 8 37 0

Only Plowing 13 8 4 4

Only Mowing 5 16 3 7

Both Plowing and Mowing 3 3 2 3

Herbicide Application 0 7 0 10

Mowing  and Herbicide 0 3 0 0

Application

Plowing Process Yes No Yes No Yes No Yes No
16 11 10 16 16 11 26

with Tractor 7 3 8 10

with Horse 5 3 3 3

with both Horse and Tractor 4 5 3 3

Pruning Yes No Yes No Yes No Yes No
24 3 9 27 5 37 0

3.2 Comparing the Energy Efficiency of Organic vs.
Conventional Production

We compared the conventional and organic farming
practices, direct energy use (direct energy input from fuel
use for tractors and chainsaws) and indirect energy use
(from fertilizer/manure production, tractor production,
maintenance and repair, human labor, and animal labor) for
the years 2015 and 2016. (Table 4). Also, the energy
efficiency of organic and conventional farming practices
was compared (Table 5). Mann-Whitney U Test, a non-
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parametric test used for non-normal distributions was
applied using the software SPSS. In both years, there was a
significant difference between organic and conventional
farming in terms of energy use (p < 0.0001) (Table 4).
Organic farming needed less energy input due to using
manure, a by-product of local animal hushandry, whereas
conventional farming used synthetic and industrial fertilizer
which required more energy input due to the production
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prosess (Table 4). Fig. 3 and 4 shows individual farmers’ Total energy use in 2015 and 2016 was significantly
energy input where difference between fertilizer input can different between the two groups (Table 4). The total
clearly be seen. There was no significant difference energy use of conventional agricultural practices was
between the direct energy inputs due to the use of fuel for higher due to the high indirect energy input from the
tractors, chainsaws; indirect energy inputs from tractor production of synthetic chemical fertilizers.

production; maintenance and repair; human labor indirect
energy inputs; and indirect energy inputs arising from
animal labor with 95% confidence (p > 0.05) (Table 4).

Table 4 Comparison of Energy Use Between Organic vs. Conventional Tests (** indicates statistical significance
according to Mann-Whitney non-parametric U Test)

Mean Energy (MJ/halyr) Mean Energy (MJ/halyr)
Year 2015 Year 2016
Conv. Org. p-value Conv. Org. p-value
N=37 N =27 N =32 N=24
Direct Fuel Use
Energy (Tractor) 380.38 561.55 0.231 446.56 764.16 0.914
Fuel Use
(Chainsaw) 381.84 266.44 0.086 381.47 337.28 0.578
Total Direct
Energy Use 762.22 828.00 0.940 828.03 1101.44 0.491
Fertilizer/
Indirect Manure
Energy Production** 3164.41 367.19 < 0.0001 40475 2499.32 < 0.0001
Tractor
Production,
Maintenance,
Repair 134.41 200.92 0.219 125 269.12 0.957
Human Labor 183.78 215.92 0.145 125.19 130.16 0.803
Animal Labor 8.68 16.95 0.262 21.6 26.09 0.585
Total Indirect
Energy Use** 3491.28 800.99 <0.0001 4319.29 2924.69 < 0.0001
Total Total Energy
Energy Use** 4253.49 1628.99 < 0.0001 5147.32 4026.13 <0.0001
Direct Energy Input from Fuel Use for Direct Energy Input from Fuel Use for
Tractor Chainsaw
7000 o 1000
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2 4000 S 600
£ 3000 = 400
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Indirect Energy Input from
Fertilizer/Manure Production
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Fig. 2. Energy Us
3.2.1 Comparison of Energy Efficiency

To compare energy efficiency of organic and conventional
farming Mann-Whitney U Test, a non-parametric test used
for non-normal distributions was applied using the software
SPSS. There was statistically significant difference
between the energy efficiency of conventional and organic

e of Producers in 2016

farming practices (p < 0.0001) (Table 5). Organic farming
practices were more energy efficient than conventional
farming practices (Fig. 5 and Fig. 6). The reason is the high
indirect energy input from chemical fertilizer production in
conventional agricultural practices.

Table 5 Energy Efficiency Analysis Results for 2015 and 2016 (** indicates statistical significance)

Conventional Organic p-value
Mean Energy Efficiency 2015** 25.76 180.23 < 0.0001
Mean Energy Efficiency 2016 ** 24.56 220.63 <0.0001
Energy Efficiency
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Fig. 5. Energy Efficiency of Producers in 2015
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Fig. 6. Energy Efficiency of Producers in 2016

3.3 Comparison of Yield Between Conventional and
Organic Olive Production

Biennial bearing is observed in olive trees of Canakale
region, which means trees have full production in one year,
and only a few olives in the next year. Therefore comparing
yield requires collecting data for two subsequent years. For
this part of the study only farmers providing data for both
of the years included. 36 producers in conventional and 13
in organic producers provided information for both years,
and their data were used to compare olive yield (Fig. 7).

Data did not follow a normal distribution therefore a non-
parametric Mann-Whitney U Test were carried out using
SPSS. The results indicate that the amount of yield changed
from farmer to farmer yet there was no statistically
significant difference between two farming methods
(Mann-Whitney U Test, p > 0.05, NConventional = 36,
NOrganic = 13) (Fig. 7, Table 6). This result shows that
yield does not differ between the farming type.
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Fig. 7. Average of Production Amounts of Producers in 2015 and 2016
Table 6 Comparison of the Yield Between Conventional and Organic Farming (average yield of two subsequent years)

2015-2016
Application Type | Sample Size | Average Applied Significance
(kg/halyear) | Test Value
(P)
Average product quantities | Conventional 36 11,171.46 Mann-Whitney U 0.673
Test (non-
Organic 13 13,455.38 parametric test)

3.4 The Relationship Between the Yield and Energy Input

A multiple regression analysis was performed to determine
if there were a relationship between the yield, the amount
of fertilizer, total energy use and presence of plowing.
Amount of fertilizer or total energy use did not affect the
crop amount (p > 0.05) (Table 7). There was no significant
relationship between the increase in energy use and the
amount of fertilizer and the yield. On the contrary, as the
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amount of fertilizer, and/or the number of processes
increased energy efficiency decreased yet yield did not
change. For instance, farmers who do tillage using tractors
had lower energy efficiency both because of direct fuel
consumption and because of indirect effects such as tractor
producer, maintenance, and repair, whereas farmers
managed weeds by mowing had lower energy use and very
similar yield.
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Table 7 The Relationship Between Crop Amounts and Fertilizer Amount, Total Energy Use and Tillage

Number of Samples Adjusted Significance value Significance Value
R? (ANOVA test) (P
(p)
Yield
Fertilizer/manure 0,436
Amount 49 0,038 0,196
Total energy input 0,633
Presence of Plowing 0,095

No significant relationship was found between energy use
and yield, and it was concluded that it would be possible to
produce similar yield with less energy input. If energy
efficiency is improved, the technical performance of
agricultural systems can be increased and negative impacts
on the environment can be reduced.

4. DISCUSSION AND RECOMMENDATIONS

This study compared two types of olive groves in terms of
energy efficiency, and yield. The yield did not differ
between two farming types, however conventional olive
farms proved to be less energy efficient. The reason was
mainly due to the use of synthetic fertilizers. In the study
area, organic farmers preferred to use local products (i.e.,
locally produced manure, a by-product of local animal
husbandry), as a result the energy need for growing olives
were lower, while producing similar yield. Many studies
find similar results to ours, for example in a study
conducted by Dessane (2003) in Greece, organic olive
groves were twice as energy efficient as conventional olive
groves [3]. Guzman and Alonso's (2008) study in Spain
revealed that organic olive cultivation has higher non-
renewable energy efficiency compared to conventional
olive cultivation [11]. Kavargiris et al. (2009) in their study
in Greece determined that organic agriculture had a lower
energy input and was more energy efficient than
conventional agriculture, and therefore it was more
economical [8].

This study proved that the most energy input was due to the
fertilizer production and fuel use for the tractor. The energy
input can considerably be reduced by decreasing the use of
synthetic fertilizers. Also decreasing the use of tractor by
mowing instead of plowing and increasing the use of animal
labor can be given as recommendations to decrease energy
input. Also, the use of renewable energy sources instead of
non-renewable energy sources may be the most appropriate
management method for increasing energy efficiency. One
recommendation can be solarization [23], which not only
decreases weed biomass but also helps increasing soluble
nutrients in soil, which in turn decreases the need for
fertilization [24]. However, this method can only be applied
in hot regions, and it might have additional environmental
effects due to the use and production of plastic, a non-
renewable source. By adding a certain amount of bioethanol
to the fuel, the consumption of petroleum products and air
pollution can also be reduced. But there are legal issues and
problems with biomaterial production. Biodiesel, which is
obtained by adding methyl alcohol to oils, is a more
environmentally friendly and more advantageous energy
source than diesel and gasoline. Biogas is a more

environmentally friendly energy source than gasoline and
diesel, which is formed because of anaerobic fermentation
of organic wastes. In addition, the wastes released because
of anaerobic fermentation can be used as fertilizer since
they have nutritive properties [23].

This study shows that by making small adjustments in
farming, such as using manure instead of syntetic
fertilizers, or decreasing the use of tractor and plowing it is
possible to have significant impacts on energy efficiency
while obtaining same amont of yield. By improving energy
efficiency, the technical performance of agricultural
systems can be increased and their negative impact on the
environment can be reduced.
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