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It is with immense pleasure and a profound sense of accomplishment that we present the Book of Proceedings for the University
of Ilorin 1st Faculty of Engineering International Conference (FETiCON 2023). This collection represents the culmination of
a remarkable event that took place between 5th and 7th June 2023, bringing together brilliant minds from diverse disciplines
within the realm of engineering and technological development.

FETiCON 2023 was envisioned as a platform to foster collaboration, share cutting-edge research, and inspire innovation that
could drive sustainable technological development and nation-building. The conference was meticulously designed to
encourage meaningful interactions among scientists, scholars, engineers, and industry leaders, creating an environment
conducive to intellectual exploration and discovery.

Within these pages, we present a compilation of research papers, presentations, and insights that encapsulate the rich tapestry
of ideas and advancements shared during the conference. The contributions come from a diverse array of professionals and
scholars who have dedicated their expertise to addressing some of the most pressing challenges facing our world today.

The thematic areas covered in this book encompass a wide spectrum of engineering disciplines, including Aeronautic
Engineering, Agricultural and Biosystems Engineering, Biomedical Engineering, Chemical Engineering, Civil Engineering,
Computer Engineering, Electrical and Electronics Engineering, Food Engineering, Materials and Metallurgical Engineering,
Mechanical Engineering, and Water Resources and Environmental Engineering. Each contribution reflects the dedication and
passion of its respective authors, whose commitment to their fields of study is commendable.

This Book of Proceedings also serves as a testament to the invaluable support we have received from numerous individuals
and organizations. We extend our deepest gratitude to our sponsors, whose generous contributions made this conference
possible. Their commitment to promoting knowledge exchange and technological advancement is truly commendable.

We are equally indebted to our keynote speaker, plenary presenters, and all the presenters who enriched the conference with
their insightful contributions. Their expertise and thought-provoking ideas have set new benchmarks for future research
endeavors.

Our heartfelt appreciation also goes to our Vice Chancellor, Professor Wahab Olasupo Egbewole and all principal officers,
our Dean, Professor Olumuyiwa Ajani Lasode, the faculty members, students, and dedicated conference planning committee
who worked tirelessly to ensure the smooth organization and seamless execution of FETiCON 2023. Your efforts have left an
indelible mark on the success of this conference. We also remember the good effort of Late Professor M.F. Akorede, with
whom this journey was started. May the good Lord continue to rest his soul in peace.

Lastly, we express our gratitude to the University of Ilorin and all supporting institutions for their unwavering support and
encouragement. Their commitment to promoting excellence in engineering and technology education has been the bedrock of
our endeavors.

In conclusion, we hope that this Book of Proceedings will serve as a source of inspiration, knowledge, and collaboration for
researchers, students, policymakers, and industry leaders alike. We are confident that the research and ideas presented here
will contribute significantly to the advancement of engineering knowledge and the attainment of sustainable development
goals.

Thank you for being a part of FETiCON 2023, and we look forward to future collaborations and endeavors that will continue
to shape the landscape of engineering and technological development.

Prof. Omodele A. A. Eletta

General Chair
FETiCON 2023
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ABSTRACT

This paper assessed the prediction capability of time series smoothing techniques in predicting the stream flow of
Hadejia River. Four smoothing techniques were employed for the analysis of 36 years monthly stream flow data
(1965 —2000). The techniques are Moving Average (MAS), Holt and Winters (HWS), Simple Exponential (SES),
and Fourier (FS) methods. The performance evaluation parameters used in assessing the suitability of the
techniques were mean squared error (MSE), root mean squared error (RMSE), mean absolute percentage error
(MAPE), coefficient of determination (R?), and Nash-Sutcliff Coefficient of Efficiency (NSE). The predicting
capability of stream flow using MAS, HWS, and SES was found to be inadequate (MSE, RMSE, MAPE, R?, and
NSE values are out of range) whereas the FS technique was found to be suitable. Aside the month of June where
R? and NSE were 0.43, all other model's parameters of FS were adequate. The MSE was found to vary between
3.92 and 247.10, RMSE between 1.98 and 15.72, MAPE between 13.51 and 546.06, R? between 0.434 and 0.923,
and NSE between 0.430 and 0.923. The study concludes that Fourier smoothing technique is the most suitable for
predicting the stream flow of the study area among all the techniques assessed.

KEYWORDS: Nash-Sutcliff, River, Smoothing, Stream flow, and Root Mean Squared Error.
1 INTRODUCTION

Stream flow, or discharge, is the volume of water that moves over a designated point over a fixed period of time
which is directly correlated to the amount of water moving off the watershed into the stream channel (EPA, 2012).
Precise prediction of stream flow is of great importance for the effective management of water resources systems
(Karran et al., 2014; Adhikary et al., 2018; and Gtines et al., 2021). Among other benefits, stream flow prediction
can influence important decisions such as water allocation, cropping strategies, water market planning,
environmental watering, operating multi-storage water supply schemes, and drought management.

Many techniques have been applied in predicting stream flow values. Examples can be found in Post and Jakeman
(1999) and Chiew et al. (2018) where they applied the Rainfall-Runoff model; Patel et, al. (2016) and Mehraein
et. al., (2022) applied different regression techniques; Adnan et al. (2017a); Liu et al. (2020) applied Artificial
Neural Network; Parisouj et al., (2022) applied coupled model by combining model-driven models and machine
learning. Further examples could be found in Adnan et al.,, (2017b); Machekposhti et al., (2018) where they
applied time series Autoregressive Integrated Moving Average (ARIMA) and Autoregressive Moving Average
Model (ARMA) models. Time series smoothing models were also applied at various times. Examples can be
found in Lukman and Tanan (2020), Papacharalampous and Tyralis (2020) and Brito et al. (2021). This paper is
therefore set to assess the prediction capability of time series smoothing techniques in predicting the stream flow
of Hadejia River, Nigeria.

2 THEORETICAL ANALYSIS

The smoothing technique is defined by an expression Y where ¢ = 1,2,..n and the time series of concern defined
by P:Yr+r» where the predictor Y:+, is that which returns minimum mean square error and & that follows N(0,1) a
white noise. Four smoothing methods are deployed in predicting the stream flow of the study area. The methods
are; moving average, Holt and winters, simple exponential, and Fourier. The smoothing models are observed to
be non-stationary that do not assume homoscedasticity (Rosenblad, 2021); the techniques chosen were thus all
applied to the untransformed (raw) data.

2.1 Moving Average Method

The moving average model takes into account past (and optionally future) observations to predict values and it
works as a filter that removes white noise. An observation influences all future predictions and it is defined by
Equation (2.1). The analysis utilized the equal weights method at 95% confidence level with g=2
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2.2 Holt’s and winters (Linear Holt)

The linear Holt's model (sometimes referred to as Holt's-Winters non-seasonal algorithm) takes into account a
trend and a permanent component that varies with time. The model is defined by Equation (2.2). The analysis was
performed at 95% confidence level and o and § =0.2.

Yi=u +Bt+e

PY.\p= u, + ﬁtt h=12,..

S =xVY, + (1_()()(51:—1 + Tt—l) 0 <x< 2 2 2
4 .

T, = ﬁ(st - St—l) + (1 - ﬁ)Tt—l 0<p< m

Yion = PYopn =S + ATy, h=12,..

23 Simple Exponential

The exponential smoothing model takes into account past observations to predict values. The weight of the past
observations decreases exponentially. The simple exponential model is defined by Equation (2.3). This study is
performed at 95% confidence level with a=0.2.

Yo=pu +¢g

PY =4, h=1,2,.. ”3
SYp=xY, +(1-x)S,_; 0 <x< 2 '
Yeon = PYrin = Se h=12,..

24 The Fourier Smoothing

The concept of the Fourier smoothing is to transform a time series into its Fourier coordinates, then remove part
of the higher frequencies, and then transform the coordinates back to a signal. This new signal is a smoothed
series.

3 MATERIALS AND METHODS

The paper utilized xIstat (an Excel extension) for the analysis. Four smoothing techniques were employed for the
analysis of 36 years monthly stream flow data (1965 — 2000) of the Hadejia River to ascertain their suitability in
predicting the flow of the river. The techniques are Moving Average (MAS), Holt and Winters (HWS), Simple
Exponential (SES), and Fourier (FS) methods. The fitness of each method is ascertained by sets of performance
evaluation parameters. The parameters were mean squared error (MSE), root mean squared error (RMSE), mean
absolute percentage error (MAPE), coefficient of determination (R?), and Nash-Sutcliff Coefficient of Efficiency

(NSE).

i The MSE measures the amount of error in statistical models. It assesses the average squared difference
between the observed and predicted values. When a model has no error, the MSE equals zero. As model
error increases, its value increases. Values closer to zero represent a relatively fit model.

ii. The RMSE is commonly used in model performance evaluation that computes and reported in the same
unit as the model output of concern. It works well for continuous long-term simulations. The values of
RMSE range between zero and infinity (0 - o) with 0 as the optimal value (Moriasi ef al., 2015). Values
closer to zero represent a relatively fitter model.

1il. The MAPE measures the accuracy of a forecast system. It measures this accuracy as a percentage and
can be calculated as the average absolute per cent error for each time period minus actual values
divided by actual values. MAPE values range from zero to infinity (0 - ), where the lower the value
the more accurate the prediction is.

iv. R? is widely used in hydrological modelling studies, thus serving as a benchmark for performance
evaluation. The values of R? range between zero and one (0 — 1). For a monthly flow simulation, R? >
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0.85 shows a very good model, 0.75 < R? <= 0.85 a good model, 0.60 < R? <= (.75 a satisfactory model,
and R? <= 0.60 shows not satisfactory model (Moriasi et al., 2015).

v. The NSE is used to evaluate model performance for several output responses (including stream flow)
and can also be used to determine how well a model simulates trends for output responses of concern.
The values of NSE range between minus infinity and one (-oo - 1.0) with an optimal value of 1.0. For a
monthly flow simulation, NSE > 0.8 shows a very good model, 0.70 < NSE <= 0.8 shows a good model,
0.50 <NSE <= 0.70 a satisfactory model, and NSE <= 0.5 shows not satisfactory model (Moriasi et al.,
2015).

4 RESULTS AND DISCUSSION

The stream flow of the Hadejia River (1965 — 2000) at Hadejia Bridge Station is predicted using four time series
smoothing modelling techniques; MAS, SES, HWS, and FS. The Mean Squared Error (MSE), Root Mean Squared
Error (RMSE), Mean Absolute Percentage Error (MAPE), Coefficient of Determination, and Nash-Sutcliff
Coefficient of Efficiency (NSE) were the parameters used to assess the performance of the models.

4.1 Moving Average (MAS)

The stream flow prediction using MAS returns a result that can best be described as an unfit model. As
presented in Table 4.1, the model initially shows some glimpse of fitness with R? values in the first three months
(January, February, and March) and returns a good fit model with values of 0.831, 0.813, and 0.759 respectively
and the last two months (November and December) with values of 0.880 and 0.847 respectively. The MSE,
RMSE, and NSE in the first month also return promising values at 9, 2.93, 87.93 and 0.827 respectively. Only
January has a satisfactory NSE value. The MSE, RMSE, and MAPE values also return values that are not close
to zero. It could be seen from the performance evaluation parameters that the model was only able to predict the
flow in January, a period of low flow. The poor performance of the model could be as a result of the
disadvantage of the technique in applying it to a data series that have trend and seasonality components and its
suitability for relatively short-term forecasting as reported by Lukman and Tanan (2020).

4.2 Holt’s and Winters (HWS)

The HWS shows a relatively better prediction capability than MAS. As presented in Table 4.1, aside R? which
varies between 0.030 and 0.481 all other performance evaluation parameters return relatively better results than
that of MAS. The MSE results vary between 28.75 and 687, RMSE between 4.564 and 26.223, MAPE between
32.024 and 355.772, and NSE between -0.451 and 0.481. The HWS model also predicts better during the period
of low flows as results of R?, NSE, RMSE, and MSE are better from January to April (even though the R? and
NSE were not adequate) which corresponds to the period of low flow. The result agrees with the work of Toro e,
al., (2008) where HWS performed relatively better than MAS and lower than SES (as is also the case here which
can be understood better after reading the next paragraph).

43 Simple Exponential Smoothing (SES)

The SES shows a relatively better prediction capability than HWS. As presented in Table 4.2, the MSE varies
between 17.853 and 721.072, RMSE between 4.225 and 26.853, MAPE between 32.365 and 333.473, R? between
0.005 and 0.621, and NSE between -0.064 and 0.415. The model also predicts better during a period of low flow
as the performance evaluation parameters return a better result between January and April. The result is in
agreement with the work of Lukman and Tanan (2020) where SES was observed to be weak in predicting monthly
stream flow by returning the same average discharge value for each month (January — December). In the work,
the model accuracy was found to be -0.08 while the MAPE value was found to be 142.55 which are all within the
range of the values found by this study. The result is also in agreement with Toro et al., (2023) where SES predicts
stream flow relatively better than HWS. Overall, the model performance is also inadequate in predicting the stream
flow of the study area. For this limitation, Dullah et al., (2023) proposed the integration of a nonlinear
autoregressive neural network with HWS and SES which improves the precision of the prediction beyond
applying the HWS or SES alone. Overall, the predicting capability of stream flow of the study area using HWS is
inadequate.

44 Fourier (FS)

The FS technique returns a much better predicting capability in the study area than the previous three models
(MAS, HWS, and SES). Aside the month of June where R? and NSE were 0.43, all other model parameters are

3
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good. The MSE was found to vary between 3.92 and 247.10, RMSE between 1.98 and 15.72, MAPE between
13.51 and 546.06, R? between 0.434 and 0.923, and NSE between 0.430 and 0.923. The model also shows greater
prediction capabilities in the period of low flow even though its predicting capabilities for the remaining months
(except June) are adequate. The model's performance evaluation parameters are presented in Table 4.2 while Fig.
4.1 presents the results showing the observed versus simulated stream flow across all months. This result can be
supported by the work of Bayazit et al., (2001) where they found Fourier analysis to be able to simulate monthly
stream flow relatively well with reasonably small variations within the simulations.

5 CONCLUSIONS

This paper assessed the prediction capability of four time series smoothing techniques (moving average, Holt and
winters (linear), simple exponential, and Fourier) in predicting a monthly stream flow of Hadejia River, Nigeria.
The predicting capabilities of moving average, Holt and winters, and simple exponential were found to be
inadequate. The Fourier method returns a relatively better technique for predicting the stream flow of the river.
The Fourier performance evaluation parameters return RMSE value in the range of 1.98 and 13.51, R? and NSE
values in the range of 0.4 and 0.9. This paper, therefore, recommends the application of Fourier in predicting of

monthly stream flow of the Hadejia River

Table 4.1: Performance Evaluation Parameters of MAS and HWS

Moving Average (Equal Weight Method) Holt and winters (Linear Holt)
MSE RMSE MAPE | R? NSE MSE RMSE MAPE R? NSE
Jan 9 2.93 87.25 0.8310 0.827 | 28.754 5.362 95.254 0.544 0.481
Feb 98 9.88 197.35 0.8130 -1.661 | 24.096 4.909 78.273 0.433 0.406
Mar 453 21.29 485.61 0.7590 9.134 | 30413 5.515 84.124 0.418 0.397
Apr 1529 39.11 1033.31 0.4570 -54.176 | 20.834 4.564 129.466 0.354 0.332
May 4091 63.96 753.90 0.3820 -107.96 | 35.882 5.990 244.330 0.176 0.151
Jun 11612 107.76 568.83 0.0002 -113.525 | 150.934 12.286 355.772 0.030 -0.387
July 32130 179.25 303.59 0.0170 -0.217 | 150.849 12.282 36.356 0.050 -0.301
Aug 91420 302.36 266.30 0.0003 -308.587 | 291.167 17.064 32.024 0.222 -0.399
Sep 262559 512.40 295.91 0.2390 -359.085 | 681.905 26.113 36.995 0.268 -0.415
Oct 779165 882.70 1220.54 | 0.4590 -1011.316 | 687.656 26.223 74.955 0.235 0.038
Nov | 2196079 | 1481.92 5455.70 0.8800 -7891.579 | 253.197 15912 88.477 0.388 0.181
Dec | 6099860 | 2469.79 | 21138.40 | 0.8470 | -49721.141 | 105.049 10.249 186.070 0.366 0.236
Table 4.2: Performance Evaluation Parameters of SES and FS
Simple Exponential FOURIER
MSE RMSE MAPE R? NSE MSE RMSE MAPE R? NSE
Jan 29.950 5.473 96.510 0.621 0.415 3.92 1.98 70.50 0.923 0.923
Feb 23.137 4.810 62.855 0.532 0.387 3.63 1.90 176.59 0.904 0.904
Mar 29.857 5.464 58.847 0.491 0.351 11.53 3.40 546.06 0.749 0.749
Apr 17.853 4.225 90.635 0.454 0.374 4.99 2.23 176.01 0.825 0.825
May 31.426 5.606 182.739 0.260 0.186 13.99 3.74 105.25 0.638 0.638
Jun 119.122 10.914 333.473 0.005 -0.201 59.07 7.69 170.68 0.434 0.430
July 150.195 12.255 37.736 0.014 -0.221 48.81 6.99 21.01 0.677 0.674
Aug 250.000 15.811 32.365 0.058 -0.345 57.83 7.60 13.51 0.810 0.810
Sep 644.468 25.386 40.994 0.054 -0.227 247.10 15.72 2522 0.671 0.671
Oct 721.072 26.853 111.252 0.052 -0.064 218.71 14.79 64.09 0.724 0.724
Nov 250.598 15.830 91.057 0.335 0.115 90.84 9.53 84.10 0.683 0.683
Dec 103.778 10.187 183.425 0.404 0.175 46.11 6.79 148.04 0.635 0.635
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Fig 4.1: Observed Versus Simulated Stream Flow Across All Months.
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ABSTRACT

This paper discusses the technologies involved in generating electricity through geothermal energy and its
environmental impacts. The inability of the federal government of Nigeria to maintain steady power supply for
the populace has necessitated the need to research into alternative sources of power supply. The focus of this work
is on geothermal energy as one of the renewable energy source. In this work, the technology of geothermal was
analyzed. The details of how electricity can be generated from geothermal technology were explained. A review
of recent previous works by others researchers and the major components of geothermal energy system were
discussed. Effort was made in this report to discuss the classifications of geothermal energy and the merits of
using geothermal energy as source for electricity generation. The environmental impacts of using geothermal
technology to generate electricity were also highlighted. The geological features and subsurface temperature data
of oil and shallow water wells from both Northern and Southern part of this country shows the possible presence
of geothermal energy due to the thermal gradient. If tapped, this will serve as alternative energy, as being utilized
by several other countries since it can produce base load electricity which is reliable and sustainable unlike many
other renewable energy sources that are affected by weather and seasonal variations.

KEYWORDS: geothermal energy, renewable energy, electricity generation, alternative energy and environmental
impacts

1. INTRODUCTION

This study focuses on technologies of geothermal electricity generation and its environmental impacts in Nigeria.
Geothermal energy refers to the production of energy using the internal heat of the earth’s crust. This heat comes
from the radioactive decay of minerals and continual heat loss from the earth’s original formation. Nigeria is
blessed with many abundant natural mineral resources such as gypsum, iron core, gold, bitumen, coal, among
others. All the natural minerals resources are as a result of the decayed plants and animal residues. The epileptic
electricity power supply has become a fundamental issue affecting the economic development of Nigeria.
Geothermal energy, which results from the radioactive decay of minerals within the Earth’s core and solar energy
systems have been discovered and utilized by several countries. Nigeria is still far behind in tapping the abundance
of geothermal energy resources (Dorcas, etal. 2016). Figure 1 show the geological setting and location of the
major structural units in Nigeria where geothermal energy can be utilized. Classification systems used for
classifying geothermal resources are based mainly on their temperatures, geologic settings and intrinsic properties
of reservoirs. This work treats geothermal energy resources as renewable, alternative and sustainable energy
resources with capabilities of generating electricity and heat for direct use applications and commercial purposes.
The earth possesses vast underground stores of energy supply in form of heat, whose potentials are yet to be fully
realized. The earth is divided into shells; the crust, the mantle and the core. Its interiors where this heat energy
occurs, reach temperatures greater than 4,000°C. The heat generated and stored in the earth is known as geothermal
energy. Geothermal energy is generated from the earth’s core, almost 6,400km beneath the earth’s surface. The
double-layered core is made up of hot melted rock (magma) surrounding a solid iron center. Very high
temperatures are continuously produced inside the earth by the slow decay of radioactive materials, a natural
process in all rocks. Surrounding the outer core is the mantle, which is about 2,900km thick and made up of
magma and rock (Colin, etal. 2011). The outermost layer of the earth, the land forming the continents and ocean
floors, is called the crust. The crust is not a solid plate; it is divided or broken into pieces called plates. Magma
from deep within the earth gets to the earth’s surface through openings at the edges of these plates and volcanic
processes are very common at these edges. Deep underground, rocks and water trapped in the earth absorb heat
from this magma.
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Figure 1: Geological setting and location of the major structural units in Nigeria. Source: (Kurowska, E, and
Schoeneich, K , 2010)

2. REVIEW OF PREVIOUS WORKS

Geothermal resources are created and put away in the earth (Garba, etal., 2022). This review focuses on the
geothermal energy investigations in Nigeria with focus on researches that have been conducted so far, their
outcome, challenges and the future through the geo-scientific oculus. The author made effort to cover notable geo-
scientific researches' from geological, geophysical and geochemical perspective, which also focused on
geothermal electricity generation. This review is made to stimulate interest in geothermal energy in Nigeria and
also invigorate the geo-scientific community toward extensive research in the field. This review should eventually
lead to understanding of the technologies involved during conversion of geothermal energy into electricity. A
warm spring location in Nigeria that has received geophysical examination is the Wikki Warm Spring (WWS)
located in Bauchi State, northeastern Nigeria. Preliminary geophysical investigation of the source of heat of the
WWS was conducted by Omanga, (1998). He used the electrical resistivity, radiometric methods and gamma ray
spectrometry around the WWS area. The ultimate aim was to investigate the source of heat at the WWS region.
Within the WWS, fourteen (14) sounding were conducted using vertical electrical sounding (VES) method and
measurements of the concentrations of radioactive elements such as uranium (U), thorium (Th) and an isotope of
potassium (K) in the area were estimated. The resistivity results showed that low resistivity values exist around
the WWS area while the radiometric survey measurements revealed high gamma activity in that region. This high
radioactivity in the area is an indication of the importance of radiogenic heat activities within the WWS area and
a pointer to the heat source probably due to radioactivity. So far, there is probably the only one (direct) geothermal
energy utilization site in Nigeria, a swimming pool where water from Ikogosi warm spring (37°C) is used. It is
located in south-western part of the country, in Ekiti State. Other possible sources of geothermal energy in Nigeria
are Kerang Springs in Plateau State, Rafin Rewa Warm Spring in Jos Plateau, Nike Lake in Enugu state and Wikki
Warm Springs in Abuja Nigeria.

Steps needed to generate electricity from geothermal energy

If you dig a big hole straight down into the Earth, you would notice that temperature increases as the dept
increases. That is because the inside of the Earth is full of heat (Kurowska and Schoeneich, 2017). That heat is
called geothermal energy. Below are steps of generating electricity from the geothermal energy

a) Hot water is pumped from deep underground through a well under high pressure,
b) when the water reaches the surface, the pressure is dropped, which causes the water to turn into steam,

8
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c) the steam spins a turbine, which is connected to a generator that produces electricity,
d) the steam cools off in a cooling tower and condenses back to water and
e) the cooled water is pumped back into the Earth to begin the process again.

Component of Geothermal Energy System
The major components of geothermal energy system are the:

a) Heat source
b) Reservoir and
c) Carrier (fluid)

3. MATERIALS AND METHODS
Materials and Devices used:
Methods Adopted:

The methods adopted for the realization of this work are descriptive and analytical techniques. The technique
enables the author to give a clear description of the technology of geothermal and also do analysis on
environmental impacts in Nigeria.

Technologies of Geothermal Electricity Generation

Geothermal power plants draw fluids from underground reservoirs to the surface to produce steam. This steam
then drives turbines that generate electricity. There are three main types of geothermal power plant technologies
namely: dry steam, flash steam, and binary cycle.

Dry Steam Power Plant

This type of power plants uses hydrothermal fluids that are mostly steam and which is relatively natural
occurrence. The steam is drawn directly to a turbine, which drives a generator that produces electricity. After the
steam condenses, it is frequently re-injected into the reservoir. Figure 2 is a diagram showing the processes
involved in dry steam power plant.

Generator

p— > Grid
Air and water
vapors
N * .
Steam Cooling
Tower
Condenser
Production well Injection well

Figure 2: dry steam power plant. (Kurowska, and Schoeneich, 2017)
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Since steam is directly used to run a steam turbine, it eliminates the need for burning of coal or other fossil fuels
to generate electricity. Figure 2 shows a schematic diagram of a dry steam power plant. When the steam cools, it
condenses to water and is injected back into the ground to be used again.

Flash Steam Power Plant

Flash steam plants take high-pressure hot water from deep inside the earth and convert it to steam that drives
generator turbines. When the steam cools, it condenses to water and is injected back into the ground to be used
again. Single flash power plants are usually considered as the most economical alternative for available
geothermal resources temperature above 190 °C. Higher temperature resources will produce more liquid and
steam for natural pressure conditions. Figure 3 is a typical example of flash steam power plant. It illustrates the
stages of flash steam power plant from production well to Load.

Flash | Load

tank Turbine Generator

=

Figure 3: flash steam power plant. (Kurowska, and Schoeneich, 2017).
Binary-Cycle Power Plant

Binary cycle plants use the heat from the hot water to boil a working fluid, usually an organic compound with a
low boiling point. The working fluid is vaporized in a heat exchanger and used to turn a turbine. The water is then
injected back into the ground to be reheated. In this first unit, the organic Rankine cycle was used to generate
electricity using Iso-pentane as a working fluid. Figure 4 is a sketch showing step by step processes involved in
binary cycle power plant.

Geothermal fluid Vapor

l Turbine

Heat
2 exchanger
ey, Generator
cycle
Secondary
cycle
Condenser
Production Condensate
well s teey
Reinjection well Earth

Figure 4: binary cycle power plant. (Kagel, 2007)

Environmental impacts of using geothermal technology to generate electricity in Nigeria
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The environmental impacts of electricity generation using geothermal as it affect Nigeria were discussed. The
three major affected areas are water quality, air pollution and land use. The environmental effects of geothermal
energy depend on how geothermal energy is used or how it is converted to useful energy. There are positive and
negative effects of using geothermal technology in generating electricity.

Positive effects

1. Reduced energy costs: Geothermal energy systems provide consistent and stable energy at lower costs,
leading to significant savings for consumers.

2. Job creation: Geothermal energy installation and maintenance requires skilled labor, creating job
opportunities for locals and boosting the economy.

3. Increased tax revenue: Geothermal energy projects generate tax revenue for the government, leading to
an increase in funds available for public services and infrastructure development.

4. Improved energy security: Geothermal energy is a local and indigenous source of energy, reducing
reliance on foreign sources and promoting energy security.

5. Reduced greenhouse gas emissions: Geothermal energy produces almost no emissions, leading to a
reduction in air pollution and greenhouse gas emissions.

6. Increased electricity reliability: Geothermal energy systems are highly reliable, providing consistent and
stable electricity supply with minimal disruptions.

7. Potential for export: Nigeria has significant geothermal energy potential, providing opportunities for
exporting excess electricity to neighboring countries.

8. Increased tourism: Geothermal energy installations can attract tourists and visitors to the region, boosting
the local economy and creating additional job opportunities.

9. Improved public health: Reduced air pollution from geothermal energy can lead to improved public
health outcomes, including reduced respiratory illnesses and related healthcare costs.

10. Increased property values: Properties with geothermal energy systems have higher resale values, leading
to increased property tax revenue for local governments.

Negative Effect
Water quality and use

Geothermal power plants have impacts on both water quality and consumption. Hot water pumped from
underground reservoirs often contain high levels of sulfur, salt, and other minerals. So it is not the best
for consumption.

Alir emissions

The distinction between open- and closed-loop systems is important with respect to air emissions. In
closed-loop systems, gases removed from the well are not exposed to the atmosphere and are injected
back into the ground after giving up their heat, so air emissions are minimal. In contrast, open-loop
systems emit hydrogen sulfide, carbon dioxide, ammonia, methane, and boron. Hydrogen sulfide, which
has a distinctive “rotten egg” smell, is the most common emission (Kagel, 2007).

Land use

The amount of land required by a geothermal plant varies depending on the properties of the resource
reservoir, the amount of power capacity, the type of energy conversion system, the type of cooling
system, the arrangement of wells and piping systems, and the substation and auxiliary building needs
(Kagel, 2008).

Merits of Geothermal Energy

The merits of geothermal energy are:

1. They are natural source.
2. Due to the near limitless ability of the earth to produce magma, and the continuous transfer of heat

between subsurface rock and water, geothermal energy is considered a renewable resource (Rybach,
2007).

11



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

3. Geothermal energy produces base load electricity as it is available 24 hours a day, 365 days a year, unlike
many other renewable energy resources that are affected by weather and seasonal variations.

4. They are cost effective

The energy source is reliable, sustainable, and environmentally friendly

6. Geothermal power has the potential to help mitigate global warming if widely deployed in place of fossil
fuels.

v

1. CONCLUSION
The technologies of geothermal electricity generation were discussed. From the discussion, it is clear that, federal
government of Nigeria should focus attention on geothermal electricity generation as an alternative power source.
This is because of the benefits it has over the currently used conventional power sources. The environmental
impact of geothermal electricity generation is almost zero. There is need to encourage Nigerian's to invest on
geothermal electricity generation as alternative source for power generation
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ABSTRACT

This research work focused on accident detection system for emergency medical aids the study identifies the
society's slow response to medical emergencies as a major problem. In order to enhance and maximize the
anticipated reaction time, this system aims to provide an early detection of accidents and transmit the information
promptly to the emergency unit. The study was carried out in Benin city, Nigeria utilizing a test bed methodology
that included a wireless embedded system, a cloud platform, and several electronic sensors and modules, including
a Global system for mobile communications (GSM) module (SIM8001), a Global positioning system (GPS)
module (NEO-6M), an accelerometer (ADX335), a shock sensor, an Atmega328p microcontroller, etc. The
developed device was connected to the cloud platform via GSM module, which also served as the device's GPS
receiver and shock sensor. The accelerometer and shock sensor were utilized to identify crashes. The detection
rate provided by the created accident detection algorithm served as the metric for the system's accuracy. The
response time ranges between 9 and 12 seconds was obtained as time taken to identify the accident and alert the
closest hospital. This verifies the systems' degree of accuracy when used in real-time.Keywords: Cloud Platform,
database, internet of things, web application, wireless system.

1. INTRODUCTION

The internet of things (IoT) is a term used to describe physical objects that can be connected to a network and
exchange data with other objects and systems via the internet or other communication networks. Its main focus is
on information that is gathered in real time and decision-making based on this information (Mouha, 2021). The
emergence of IoT holds potential for the creation of intelligent systems and applications, such as smart farming,
smart homes, among others. Its use in transportation management or systems is receiving a lot of attention from
academia and business, and, it is considered as a way to improve road safety in smart cities (Gomathy et al., 2022).
Vehicles equipped with a variety of sensors make it possible to not only keep an eye on the surroundings and the
vehicle itself in real time, but, it also makes incident detection easier. The current trend in the death rate from road
accidents made the use of this technique necessary. Despite the significant efforts made by international road
safety organisations to reduce the number of deaths related to road accidents by organising awareness campaigns,
discouraged drinking and driving, promoting the use of seat belts and airbags, and other innovative traffic
solutions, accident crashes still remain high.

The problem of false alarms emerges because the majority of these works primarily focus on the accidents
detection with little or no technique for accident reporting (alert system). The majority of these road fatalities
occur as a result of emergency management authorities' and medical personnel's poor reaction times (Devi and
Anila, 2018; Adelabu, 2017). If emergency medical care is offered at the scene of an accident, an accident victim's
odds of survival may rise dramatically (Aloul et al., 2014). Getting to collisions faster is one of the most efficient
strategies to reduce road traffic deaths. Several tools, like e-Notify, are available to aid in the detection and
reporting of road traffic accidents (Aloul et al., 2014 and Bhatti el al., 2019). Each vehicle must have an on-board
unit (OBU) to use the e-Notify system. Even though this might be a good option, it is pricey and not all vehicles
might have on-board devices. The eCall system was created by the European Commission, who also mandated its
installation in every vehicle created after 2015. The emergency number 112, 999 in the UK, and some other
countries are alerted when the eCall system discovers an accident (Zhao, 2000; Ali and Alwan, 2015).

The goal of this project is to combine low-cost devices, several sensors, a database of hospital profiles, an effective
detection algorithm, and IoT infrastructure to increase the accuracy of accident detection and emergency response
times for traffic incidents in Benin City, Nigeria. According to a recent World Health Organization (WHO) report,
Africa has the highest annual death and injury rates at 1.35 million and 50 million, respectively (WHO, 2018).
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Furthermore, Nigeria recorded over thirty nine thousand (39,000) fatalities from these statistics. Road accidents
are the eighth leading cause of fatalities globally, according to the Association for Safe International Road Travel
(ASIRT), and it is projected to be the fifth leading cause of fatalities in the near future unless significant changes
are made with the aid of technology and increased public awareness (ASIRT, 2020).

According to ASIRT, managing road accidents and the resulting social harm costs every country a significant
amount of money—about two percent (2%) of its annual budget (ASIRT, 2020). In response to the depressing
figures listed above, researchers have developed strategies to address the issues of accident collisions and
fatalities, including drivers monitoring systems, smart traffic systems, establishing road management agencies,
emergency management devices etc.

The objective of the study is to: - enhance and maximize the anticipated reaction time to road crashes thereby
reducing mortality rates associated with road crashes in the society. A test bed methodology that included a
wireless embedded system, a cloud platform, and several electronic sensors and modules were adopted.

The existing assistance system in the event of a car accident focuses mostly on one sensor (Amin et al., 2012).
Researchers Vinod et al. (2019); Rajkiran and Anusha (2014) and Vinod et al. (2019) presented a system that uses
GPS to automatically detect accidents and alerts all nearby hospitals and law enforcement agencies. This
hardware-based system only uses one sensor to identify accidents; if this sensor malfunctions, the entire system
fails. Some technologies detect accidents and alert rescue crews using the gravitational pitch. These systems, like
those described in Bhatti et al. (2019), suffer from the same issue of using just one sensor. Relying on a single
sensor increases the possibility of false positives, or the reporting of an accident when none actually occurred.
Some systems, described in Suo et al. (2012), employ accelerometer data as a trigger to alert emergency services
of a collision.

The result obtained showed that the system was able to react quickly to accident crashes. Finally, the results show
that the emergency response time - the time it takes to locate the accident and notify the closest hospital is between
9 to 12 seconds. This demonstrates the accuracy level of the technologies when utilized in real-time.

2. THEORETICAL ANALYSIS

In this research, four layers model design namely: perception or sensory layer, network layer, intermediate layer,
and application layer was adopted in order to achieve the intended goal (Bhatti et al., 2019; Pathik et al., 2022).
The IoT architecture used is graphically depicted in Figure 1.
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Figure 1: Internet of Things Architecture Adopted
3. MATERIAL AND METHODS
3.1 Methods

In order to decrease the reaction time for rescue operations, a novel IoT technology was created to identify accident
crashes and notify the required personnel. The cloud system and the wireless embedded device were linked to
function as one unified entity from the designed methodology. Figure 2 depicts the system's architecture modeled
from (Ali and Alwan, 2015).
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Figure 2: 10T Architecture for Intelligent Accident Detection System

3.2 Development of the wireless embedded device

The GSM module, GPS module, accelerometer, shock sensor, and other types of modules and sensors were used
to create the wireless embedded device. To create the working system, these components were interfaced with a
microcontroller as illustrated in the block diagram of Figure 3.

Power Supply

Accelerometer

é Display

Shock Sensor Microcontroller

GSM Module

Gps Module

@Ekwunife O.C.

Figure 3: Wireless embedded device

The various wireless embedded device modules were created to carry out their specific tasks in order to
accomplish the predetermined objectives as shown in the system circuit diagram in appendix A.

3.3 Development of web application for accident detection

An approach for identifying, outlining, and organizing system requirements is called a use case. The web
application that is being created to complement the device is referred to in this context as the "system." Unified
Modeling Language (UML), a common notation for modeling actual objects and systems is realized by adopting
use case diagram in Figure 4 which depicts steps needed by an accident detection device, commencing with driver
registration and ending with emergency or crash notification.

G:....... o.v:.> Q.,.... ..‘...“..D N

Figure 4: Use Case Diagram
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34 Software development methodology

The Waterfall Model was the software development approach employed. The waterfall model divides a project's
operations into a series of linear phases, each of which is composed of specialized tasks and is dependent on the
previous phase's deliverables. The method is common in some branches of engineering design. Although progress
moves mostly in one direction ("downwards" like a waterfall) through the phases of conception, initiation,
analysis, design, construction, testing, deployment, and maintenance, it tends to be among the less iterative and
adaptable approaches in software development. Given that the software system needs to connect with the hardware
sensing device and other software systems, it is employed here to enable optimize the architecture of the
development process. The process' most frequent steps are shown in Figure 5.

Requirements j
Design —]

Coding/

Implementation j
Testing —l

Maintenance

Figure 5: System architecture

The connections between the various system components are shown in Figure 6. The GPRS gateway transmits
data from the embedded device to the web application. Figure 6 depicts the data movement diagram that explains
how data moves throughout the cloud system, from the wireless electronic device to the backend, database,
webpages (frontend), and google map. Static Maps API and Locations API were used to create the web
application. Google offers a consumer application and web mapping platform called Google Maps. It provides
route planning for walking, driving, flying (in beta), and taking public transportation, as well as satellite imagery,
aerial photography, street maps, 360-degree interactive panorama views of streets (Street View), and real-time
traffic conditions.

Google map
I AN i o | Datab
Web pages/ Backend B
Frontend | H — web server )

Figure 6: Cloud structure showing data flow (Ali and Alwan, 2015)

3.5 Database development

In this work, the database system was implemented using MongoDB. Instead of using tables and rows like
standard relational databases, it employs collections and documents. The system's database was modeled using
the embedded data model, which MongoDB offers in addition to the normalized model. With this method of data
modeling, the designer has the option of including all relevant data in a single document. The MongoDB
collections for the hospitals providing ambulance services near Benin City were carried out showing its: - hospital
name, address, location, phone numbers and number of ambulances and other data available.
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3.6 Working principle of the system

The system is designed to function in a manner that the device's end-user sensor values are communicated to the
backend web server using an HTTP POST request (every 10 seconds). These readings include the device's latitude
and longitude as determined by the GPS receiver, the shock sensor, and the accelerometer. This device data is
supplied into the body of the request in the JavaScript Object Notation (JSON) format. When the web server
receives this data, it analyses it to determine whether an automobile crash has been detected or not. In the event
of an unplanned system reboot, it is also possible to quickly access the last device location by storing the received
data in a database system. In order to compute the route between the location of the device at the moment and the
closest hospital, the backend additionally connects to the Google Maps API platform (all hospital locations are to
be stored on the database). The affected person's information is then transmitted by SMS to the closest hospital
providing ambulance services. Figure 7 shows the working principle of the system.
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Figure 7 Functional Flow Chart of the System

4. RESULT AND DISCUSSION

The hardware device's circuit prototype was created using the proteus simulation software, implemented on a
breadboard, and then transferred to a Veroboard, Figure 8. The code was written using the Arduino IDE, and the
Atmega328p microcontroller was programmed using the TL866 universal programmer.

Figure 8: Circuit prototyping

On the platform, a few hospitals in Benin City were registered, together with the integrated wireless gadget. Figure
9 displays screenshots of the registration page from the web application's graphical user interface.
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The platform for registering the hospitals offering ambulance services is presented in the screenshot above with
information relating to the hospitals, such as name, email, latitude, and longitude. These were collected and
utilized to find the closest hospital and, call in case of an accident crash.

In an open area, the device was turned on and moved around. The first screenshot, Figure 10, depicts the device's
movement on a map, and the second screenshot, Figure 11, depicts the distance between the device and the
registered hospitals. The screenshot information in Figure 11 indicates that the University of Benin teaching

hospital was the closest hospital location to the device at the
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Figure 10: movement of the device

on Google map

time the test was conducted.
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University of Benin Teaching Hospital

PMB 1111, Benin Lagos Express Road, Uselu 300283, Berin City
Phone: +2348032935801 | Email: emailof ubth

Ambulance Vehicles: 12

Latitude: 6.390599087472441 | Longitude: 5.611857740750114

Distance: 5.0 km

St. Philomena’s Catholic Hospital
#23 Dawson Road, off Akpakpava Rd, 300271, Benin City
Phone: +2348071593127 | Email: email of st. philomena

Ambulance Vehicles: 8
Latitude:

RS

| Longitude: 5

Distance: 10,5 km

Faith Mediplex Hospital

1 Gia-Amu, Airport Rd, Benin City

Phone: +2348020541033 | Email: email of faith mediplex
Ambulance Vehicles: 3

Latitude: 6.315514233675363 | Longitude: 5.604271283079067

Distance: 14.4 km
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Figurel1: Distances of the
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Finally, after the apparatus smashed against a wall while being supported by ball-shaped desk legs, the following
observations were noticed on the platform: the shock state that was initially FALSE became TRUE (which showed
device has detected an accident). With the information saved on the device, an SMS was sent to the closest
hospital. The movement on the map then came to an end. The system was tested for accuracy and the result

tabulated as shown in Table 2
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Table 2: Accuracy and Response time result

S/N | Accident Time System Response System Response | Calculated Response
Time Time

1 11:19:09 am Accident Detected 11:19:19 am 10 seconds

2 11:19:30 am Accident Detected 11:19:39 am 09 seconds

3 11:19:42 am Accident Detected 11:19:52 am 10 seconds

4 12:01:00 pm Accident Detected 12:01:12 pm 12 seconds

Four tests were run on the system to ascertain its reaction and response time based on the results shown in table
2. As an experiment, the system was able to react quickly to an accident crash. The data that were displayed
indicate that the response time ranges between 9 and 12 seconds. This is the amount of time it took the system to
identify the accident and alert the closest hospital with an ambulance service. Furthermore, the complete circuit
diagram for hardware implementation of the wireless embedded device for the delivery of the internet of things
architecture for accident detection and reporting for emergency medical assistance is presented in appendix A.

5. CONCLUSION

Finally, the internet of things accident detection and alert system for emergency medical aid was developed
employing a variety of current technologies. A profile and database of hospitals providing ambulance services,
the development of a web-based platform for accident detection and alert system with integrated emergency alert
system, and I0T-based embedded device for the detection and transmission of location and status of vehicular
accidents' crashes were all successfully accomplished by the new system. Finally, the results show that the
emergency response time - the time it takes to locate the accident and notify the closest hospital is between -9 to
12 seconds. This demonstrates the accuracy level of the technologies when utilized in real-time. The research was
successfully implemented and evaluated, and because the design is relatively adaptable, further enhancements in
the coverage area can be achieved.
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The appendix A is the complete circuit diagram for hardware implementation of the wireless embedded device
for the delivery of the internet of things architecture for accident detection and reporting for emergency medical
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ABSTRACT

The microclimate of indoor production systems is highly dependent on the macroclimate of the ambient. As a
result, the microclimate fluctuates with time with respect to the macroclimate and eventually making it have higher
measurable climate parameters than the macroclimate. This study was carried out at Sangju Smart Farm
Innovation Valley, Sangju-si to compare and analyse changes in the thermal environment in two adjacent single-
span tunnel greenhouses covered with two layers of polyethylene films (200 pm thick) and a layer of thermal
curtain (3.5 mm thick). While one greenhouse was equipped with five circular airflow fans (HUMITEM-GH), the
other had five horizontal airflow fans (Conv-GH). The Seolhyang variety of strawberries was used as the test crop.
The greenhouse temperature (Ta), relative humidity (RH), vapour pressure difference (VPD), solar radiation (SR),
and carbon dioxide (COz) data were collected using standard methods and data was analysed using MINITAB
software. The statistical tools used for data analysis were descriptive statistics, analysis of variance (ANOVA),
and t-Test. The total yield and marketable yield in the HUMITEM-GH was higher than the Conv-GH by 116.33
kg and 97.69 kg, respectively. There were significant differences between the two greenhouses microclimate both
in the daytime and night-time with the HUMITEM-GH having higher and near-optimal climate parameters. This
result has shown that the newly developed HUMITEM air circulation fan has a superior air circulation and flow
capability than the conventional air circulation fans. This information may be of interest to farmers, horticulturists,
and researchers who are involved in protected vegetable production.

KEYWORDS: CAF; HAF; HUMITEM,; air-circulation; distribution; airflow

1. INTRODUCTION

A greenhouse is an indoor cropping system that allows the manipulation and control of environmental, nutrition,
and biological variables. Additionally, it makes it possible to implement management techniques for successful
crop production. Regardless of the unfavourable external conditions that may exist at the location, a variety of
ornamental, food and cash crops can be cultivated steadily indoors. Throughout the growing season, the ideal
indoor microclimate necessary for crop growth and development must be maintained (Iddio et al., 2020;
Ogunlowo et al., 2022). Indoor cultivation is a widely accepted technique that has been adopted by small-,
medium- and large-scale farmers with an estimated 5,630,000 hectares of protected agriculture all over the world
as of 2019 (Hickman, 2019). Averagely, more than two countries per continent are engaged in greenhouse crop
production and more than 60 countries where greenhouse commercial production is practised. Indoor cultivation
has numerous advantages namely the ability to control the indoor thermal environment, protect against pest
infestation and disease attack, multiple cropping, Off-season cropping, increased crop productivity per unit land
area and labour, vertical cropping technology, guarantee food security, maximize high-quality products while
minimizing production cost and increased water and chemical use efficiency (Katsoulas and Stanghellini, 2019).
Despite the numerous benefits of indoor agriculture, there are some drawbacks namely: high initial investment,
and a shortage of greenhouse-specific tools and machinery (Reddy, 2016).

The internal microclimate of a greenhouse is primarily influenced by the climatic conditions of the surrounding
environment. As a result, to achieve optimal crop production within the greenhouse, the microclimate in terms of
light level (SR), air temperature (Ta), soil temperature (Ts), relative humidity (RH), and carbon dioxide (COz)
must be manipulated to the recommended ranges for specific crops (Akpenpuun and Mijinyawa, 2020). Adequate
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control strategies are required to keep the environmental variables within the optimum limits because these
variables directly influence the efficiency of the cultivation system in terms of yield and expended energy either
for cooling or heating (Yang et al., 2022). Several studies have been conducted to investigate the impact of
greenhouse microclimate parameters such as temperature, vapour pressure deficit, relative humidity, carbon
dioxide concentration soil temperature, and solar radiation level and have shown that ranges of these parameters
outside the optimum harm crop growth, development, and yield (Sim et al., 2020; Kim et al., 2022). Multiple
cooling strategies can be used in greenhouses to provide an appropriate microenvironment including (i) shading
methods such as applying whitewash or plastic nets or thermal screens, (ii) fans-pads evaporative cooling systems,
fogging and evaporative roof cooling, and (iii) ventilation systems such as forced ventilation, using air circulation
fans in combination with natural ventilation through sidewalls and roof vents as ventilation aids even distribution
of climatic variables (Shamshiri et al., 2018).

In the greenhouse, airflow is restricted by the structural members, plants, and equipment, resulting in a sharp
increase in indoor temperature. Therefore, knowing the behaviour of meteorological elements, such as
temperature, RH, VPD, SR, and CO: in a greenhouse, is essential to exploiting the benefits of protected
cultivation. To achieve the optimal comfort level indoors in terms of T., RH, VPD, SR, and CO: appropriate
climate control pieces of equipment are needed. Even though, there are several fans (different sizes and power
ratings) for the greenhouse industry the choice of a particular circulation fan depends on the greenhouse's size,
design, and desired environmental condition. As the air moves inside the greenhouse environment, gradients of
these meteorological elements are formed throughout the structure and can result in a heterogeneous microclimate,
which may be undesirable for plants (Cesar ef al., 2021). In addition to these parameters, it is also important to
monitor and control pests and diseases, as well as maintain proper soil moisture and nutrient levels. Regular
monitoring and adjustments to the greenhouse environment would help ensure the optimal growth and
productivity of plants. The objectives of this study were to compare and analyze changes in the thermal
environment of two tunnel greenhouses equipped with newly manufactured HUMITEM air-circulation fans (a
circular airflow fan) and Conventional air-circulation fans (a horizontal airflow fan) and to determine the resultant
effect of the air-circulation fans on the microclimate using statistical analysis.

2. MATERIALS AND METHODS

2.1 Study area

Sangju Smart Farm Innovation Valley, Sangju-si, Gyeongsangbuk-do (also known as in the North Gyeongsang
Province), South Korea, was the experimental site location. Sangju is situated in the south-eastern part of the
province, about 20 km southwest of the city of Gumi and about 50 km southeast of the city of Daegu. The city is
surrounded by mountains and is situated on the banks of the Nakdong River. Gyeongsangbuk-do is located
between the latitudes of 35.4°N and 37.4°N and the longitudes of 128.3°E and 131.4°E and is approximately 60
m above the mean sea level (Park et al., 2011). Gyeongsangbuk-do has a humid subtropical climate with annual
mean relative humidity, rainfall, length of day (photoperiod), minimum temperature, and maximum temperature
of 73%, 1050 mm, 6.2 hours, -3 °C, and 26°C, respectively. Gyeongsangbuk-do has four seasons: spring (March-
May), summer (June-August), fall (September-November), and winter (December-March) (Korea Meteorological
Administration, http://www.kma.go.kr, accessed on 07 December 2022). Rice, barley, beans, cabbage,
strawberries, sesame seeds, garlic, plums, potatoes, tomatoes, apples, cucumber, chestnuts, radish, agaric, and
sweet potatoes are among the food crops grown in Gyeongsangbuk-do.

2.2 Experimental setup

This experiment was performed in two tunnel greenhouses and the duration of the experiment was from December
29 2022 to March 30, 2023. The rule of thumb recommends that a single-span greenhouse on a latitude above
40°N should have its ridge running east to west to allow low-angle solar rays into the greenhouse from the long
sides rather than the ends, while below 40°N latitude the ridge of a single-span greenhouse should be oriented
towards north to south since the angle of the sun is higher, was applied. As a result, the orientation of the
greenhouses was in the east-west direction, which is the most suitable orientation for SR reception in the study
area (Reddy, 2016). The arch-shaped greenhouses were covered with polyolefin and a layer of thermal screen,
had the same dimensions of 52.8 m * 6.8 m * 2.5 m (length x breadth x height) and the same structural
configuration (eaves and ridges height of 1.5 m and 2.8 m, respectively Each had a floor area of 18 m*> (3 m x 6
m). The thickness and transmittance of the polyethylene film were 200 pm and 91%, correspondingly, while the
thickness, conductivity, transmittance, reflectance, and emittances of the thermal screen were 3.5 mm, 0.037 Wm~
1K1, 0.001, 0.10, and 0.90, correspondingly. Five HUMITEM air-circulation fans (voltage: 220 V; frequency: 60
HZ; allowable fan capacity: 1.16 A; fan maximum speed: 2290 m*/h; power rating: 4.43 hp (3300 W); window-
size: 30 cm; wing diameter: 28 cm) were installed in the HUMITEM greenhouse, whereas in the conventional
greenhouse (Conv-GH), five conventional air-circulation fans (voltage: 220 V; frequency: 60 HZ; allowable fan
capacity: 0.2 A; fan maximum speed: 1500 m3/h; power rating: 0.54 hp (400 W); window-size: 25 cm; wing

22



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

diameter: 23 cm) were installed to aid ventilation and distribution of climate variables. The fans in both
greenhouses were installed at a distance of 13.2 m from each other. The side vents opened automatically when
the greenhouse air temperature was above the set temperature point of 20 °C, correspondingly. The optimum air
temperature range to enable strawberry development and growth occurs between 18°C to 24°C. Since the
experiments were conducted in the winter, a boiler was installed to keep the greenhouses’ air space temperature
range within the optimum range. The boilers’ heating range was 15,000 kcal/h to 62,802 kcal/h, while the heating
and continuous hot water supply efficiency were both 90% each. The boilers were set to switch on and start the
heating process when the greenhouse air temperature was 9 °C and switched off as soon as the greenhouse air
temperature rose to 10 °C.

The Seolhyang variety of strawberries was the model crop in the experiments and was transplanted on five 51.2
m long greenhouse benches, that were spaced 1.3 m centre-centre. The strawberry plants were planted in two rows
per bed with a centre-centre row spacing of 25 cm apart, resulting in a plant density of 410 per bed and 2050
plants per greenhouse. The same open-loop drip-fertigation system supplied both greenhouses with water and
nutrient solution five times daily at an interval of 1 h 30 min, beginning at 08:30, and the duration of each
fertigation period was 3 minutes. Standard cultivation practices adopted by Akpenpuun et al. (2021) were
followed. Figure 1 shows the sensors’ location.
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Figure 1. Sensors’ location in both GH

2.3 Data collection

The air temperature and relative humidity sensors (temperature: measurement range: -20 °C to 80 °C; accuracy:
+0.25 °C; humidity: measurement range: 0% to 100% accuracy: +2%, HOBO PRO v2 U23 Pro v2, ONSET, USA)
were installed (three per row) at 1.54 m from the floor and placed in protective plastic cases to shield them from
direct solar radiation, which could result to inaccuracies in the data. The solar radiation sensors (measurement
range: 0 to 1280 W/m?; accuracy: £10 W/m? operating temperature range: —40 °C to 70 °C, HOBO RX3000,
ONSET, USA) and CO: data loggers (Range: 0 to 5,000 ppm; Accuracy: £50 ppm £5% of reading at 25°C (77°F),
less than 90% RH; Non-linearity: <1% of FS; Operating Pressure Range: 950 to 1,050 mbar; Sensing Method:
Non-dispersive infrared (NDIR) absorption, HOBO MX1102, ONSET, USA) were installed just above the crop
canopy. All data loggers recorded readings at ten-minute intervals. The daytime and nighttime data were between
the hours of 09:00-16:40 and 16:50-08:50. Total marketable berry fruits were measured (Undeformed fruits and
fruits that were 25-30 g and 40-60 mm in diameter). Vapour pressure deficit (VPD) was computed using the
method adopted by Abd-El Baky et al.(2004).

2.4 Research hypotheses
The hypotheses of a study comparing the climate of two greenhouses might be:
1. Null Hypothesis (HO): The null hypothesis (HO) suggests that there is no significant difference in the
climate of the two greenhouses.
II. Alternative Hypothesis (H1): The alternative hypothesis (H1) suggests that there is a significant
difference in the climate of the two greenhouses.
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2.5 Statistical analysis

To analyze the data collected in the study, descriptive statistics were used to describe the basic features of the
data, while the independent samples t-test at p =0.01 or 0.05 levels was used to compare the means of the
thermal environments of the two greenhouses. These analyses were carried out using Minitab Statistical
software, version 17 (Minitab, LLC, State College, Pennsylvania, USA).

3. RESULTS

The HUMITEM-GH and Conv-GH indoor climate data were recorded for 92 days (29 December 2022-30 March
2023). The daytime climate indices minimum values were 6.24 °C, 39.22%, 0.04 kPa, 0.37 W/m?, and 318 ppm
for HUMITEM-GH and 5.57 °C, 19.73%, 0.04 kPa, 0.69 W/m?, and 355 ppm for Conv-GH. Table 1 presents the
comprehensive descriptive statistics of the of the daytime and night-time climate data.

Table 1. Descriptive statistics of both greenhouses’ daytime and night-time microclimate indices

Microclimate indices Temperature ("C) RH (%) VPD (kPa) SR (W/m?) CO; (ppm)

Daytime

HUMITEM-  Mean (+sd) 20.41+4.04 75.63£12.09  0.68+0.42 110.58+84.79 636.9+204.32

GH Variance 16.34 146.05 0.18 7189.13 41745.91
Standard error 0.07 0.22 0.01 1.53 3.69

Conv-GH Mean (xsd) 17.06+3.95 63.64+£19.22  0.78+0.50 157.94+102.76  616.48+139.02
Variance 15.62 369.58 0.25 10559.55 19327.89
Standard error 0.07 0.35 0.01 1.86 2.51

Night-time

ggMITEM- Mean (+sd) 11.10+£2.47 90.66+4.00 0.13+0.09 936.26+224.97
Variance 6.08 16.01 0.01 50609.73
Standard error 0.03 0.05 0.00 2.97

Conv-GH Mean (xsd) 10.06+1.74 84.43+6.40 0.19+0.11 730.78+117.81
Variance 3.03 40.99 0.01 13880.23
Standard error 0.02 0.08 0.00 1.56

RH = relative humidity; VPD = Vapour pressure deficit; PAR = Photosynthetically active radiation; CO2 = Carbon dioxide; GH = greenhouse

The Ta distribution ranges of 6 °C-10 °C, 11 °C-15 °C, 16 °C-20 °C, 21 °C-25 °C and 26 °C -30 °C had a
frequency of 36, 401, 609, 1786, and 233, respectively, in the HUMITEM-GH, while in the Conv-GH the
frequencies were 208, 645, 1433, 768 and 1, respectively. The frequency of the RH distribution ranges of 41%-
55%, 56%-70%,71-85% and 86%-98% in the HUMITEM-GHwas 3, 129, 939 and 1994, respectively, and 50,
371, 650, 639 and 1355, respectively, in the Cov. GH. The frequency VPD distribution was 92, 3064 and lin the
HUMITEM-GHand 119, 3040 and 25 in the Conv-GH for VPD ranges of 0.09 kPa-0.29 kPa, 0.30 kPa-2.00 kPa
and >2.00 kPa, respectively.

The analysis of variance (ANOVA) test performed on the daytime data with degrees of freedom of 1 and 6128
gave Fistatistics, Feritical and Pvane values of 1075.39, 6.64 and <0.01, 854.55, 6.64 and <0.01, 81.47, 6.64 and <0.01,
387.29, 6.64 and <0.01 and 20.93, 6.64 and <0.01, respectively, for Ta, RH, VPD, SR and CO:. The ANOVA on
the night-time data with the degree of freedom of 1 and 11450 gave Fstatistics, Feritical, and P-value of 678.17, 6.64
and <0.01, 3896.91, 6.64, <0.01, 1187.87, 6.64 and <0.01 and 3748.96, 6.64 and <0.01, respectively, for Ta, RH,
VPD and COz. The daytime and night-time comparisons were significantly different at 1% and 5% confidence
levels.

The t-test two-sample assuming equal variances result also shows the comparison of the T, RH, VPD, SR, and
CO2were significantly different at P-value less than 1% and 5%, tcritical Value of 1.96 for daytime data and 2.58 for
the night-time data. The t-test result further shows that the comparison between the HUMITEM and conventional
greenhouses satisfied the alternative hypothesis that there is a significant difference in the climate of the two
greenhouses. This further suggests that the microclimate variables being compared were affected by the type of
fan used.

The highest daytime temperature recorded in the HUMITEM-GH and Conv-GH was 25.39 °C and 26.20 °C on
21/02/2023, while the least daytime temperature in the HUMITEM-GH and Conv-GH was 6.24 °C and 5.57 °C,
respectively, recorded on the 24/01/2023. Finally, HUMITEM-GH and Conv-GH T. were 24.91 °C and 24.69 °C,
respectively, on 30/03/2023 the last day of the experiment. The daytime and night-time T. in the HUMITEM-GH
was considerably higher than the T in the Conv-GH by 3.35 °C and 1.04 °C.
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Likewise, the highest daytime and night-time RH values were 96.27% and 97.20%, and 97.86% and 97.71%,
respectively, for HUMITEM-GH and Conv-GH, while the least daytime and night-time RH values were 39.22%
and 19.73%, and 46.28% and 20.76%, respectively, for HUMITEM-GH and Conv-GH. Most of the time during
the day, RH in the HUMITEM-GH was higher than RH in the Conv-GH because the HUMITEM circulation fans
were able to move a greater volume of air around the greenhouse and outside than the conventional air circulation
fans. The difference between the least RH in the HUMITEM-GH and Conv-GH was 19.49% in the daytime and
25.52% in the night-time. Even though HUMITEM-GH and Conv GH both had slightly higher RH levels, the
differences between the two were not particularly noteworthy.

The HUMITEM-GH and Conv-GH had respective mean daytime VPD of 0.68+0.42 kPa and 0.78+0.50. In the
HUMITEM-GH and Conv GH, respectively, the maximum values of VPD during the daytime were 2.07 kPa and
2.25 kPa. The HUMITEM-GH mean daytime VPD was slightly lower than Conv-GH VPD. The night-time VPD
mean was 0.13+0.09 kPa and 0.19+0.11 kPa in the HUMITEM-GH and Conv-GH, respectively. VPD in the Conv-
GH was higher than HUMITEM-GH most of the time during the day and followed the same trend as RH. Although
slightly higher VPD was observed in the Conv-GH than in the HUMITEM-GH, the overall difference was
statistically insignificant. However, both greenhouses had roughly the same mean night-time VPD and a similar
pattern of variation.

The daytime COz range in the HUMITEM-GH, Conv GH, and outdoor was 318.0-2083 ppm and 355.0-1514 ppm,
respectively. The night-time COz range in the HUMITEM-GH and Conv GH was 344-2669 ppm and 356-1081
ppm. According to the descriptive statistics, the mean daytime CO2z in the HUMITEM-GH and Conv-GH were,
respectively, 636.90+204.32 ppm and 616.48+139.02 ppm. The night-time CO2 mean was also 936.26+224.97
ppm and 730.78+117.81 ppm, respectively, in the HUMITEM-GH, Conv GH, and outdoor. The result of the
analysis of variance showed that the COz levels in both greenhouses were statistically significant at a 99% level
of confidence (df1 = 1, df2 = 6128). Also, the t-Test showed that the CO: levels were statistically significant.

Since both greenhouses had the same orientation, structural layout, covering material, and dimensions from the
start, the SR of the HUMITEM-GH and the Conv-GH had the same pattern, but the differences were statistically
insignificant.

The total yield in the HUMITEM-GH and Conv-GH was 444.51 kg and 328.18 kg, respectively, making the yield
in the HUMITEM-GH higher than the Conv-GH by 116.33 kg. The marketable yield was 388.05 kg and 290.36
kg, respectively, for the HUMITEM-GH and Conv-GH. The mean marketable yield was 6.93+4.28 kg and
5.1943.72 kg in the HUMITEM-GH and Conv-GH, in that order. The total and marketable yields in the
HUMITEM-GH were statistically significant from the Conv-GH at the confidence level of 95%.

4. DISCUSSION

The daytime Ta recorded in the HUMITEM-GH and Conv-GH was in the range of 6.24 °C-26.81 °C and 5.57 °C-
26.20 °C, correspondingly, while the night-time T. was 6.07 °C-23.77 °C and 5.57 °C-20.84 °C, respectively for
the HUMITEM-GH and Conv-GH. Pearce et al. (1993) reported that temperatures between 10 °C and 30 °C
positively impact the growth rates of fruit in a closed environment. Balendonck et al. (2010)_experimented with
measuring the extent of climate unevenness and determining the number of sensing points for precise estimation
of'the spatial and temporal climate variable distribution in four commercial greenhouses observed averaged spatial
differences of 1.0 °C - 3.4 °C for temperature, whereas in this experiment average spatial differences were 0.26
°C-5.24 °C and 0.65 °C-5.69 °C in the HUMITEM-GH and Conv-GH. During this research, the maximum
daytime and night-time temperature difference between HUMITEM-GH and Conv-GH were found to be 0.60 °C
and 2.94 °C with the HUMITEM-GH having higher temperatures than the Conv-GH. Sim et al. (2020) reported
day- and night-time temperatures in the range of 15°C-25°C and 5°C-10°C, correspondingly, in an air-inflated and
conventional double-layer greenhouse. It was observed that just as spring began in March, the mean temperatures
in both greenhouses increased by 0.55 °C and 1.46 °C, respectively, in the HUMITEM-GH and Conv-GH. This
increase in greenhouse air temperature could be explained by a greater number of sunny days and photoperiod per
day as a result of higher solar radiation intensity compared to winter.

The RH recorded in the HUMITEM-GH and Conv-GH was in the range of 40.22%-97.20% and 19.73%-97.79%,
and 46.28%-97.86% and 20.76%-97.75%, correspondingly, for daytime and night-time. Jayasekara et al. (2018)
reported 85% in a double-layer greenhouse that was heavily saturated at night, however, during the daytime, RH
was as low as 40%. Kroggel and Kubota (2017) recommended a maximum night-time RH of 95% and an optimum
daytime humidity in the range of 40%—60% to avoid tip burn. Only the HUMITEM-GH had its RH within the
recommended ranges. The change in weather from winter to spring which caused an increase in temperature
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resulted in increased plant growth and physiological activity including evaporation and consequent increase in the
RH by 6.22% and 8.04% in the HUMITEM-GH and Conv-GH, respectively.

The VPD recorded in the HUMITEM-GH and Conv-GH was in the range of 0.04 kPa to 2.07 kPa and 0.03 kPa
to 2.25 kPa, and 0.03 kPa -1.57 kPa and 0.03 kPa -1.73 kPa, correspondingly, in the day and night. The difference
between the outdoor VPD and that inside the HUMITEM-GH was 0.18 kPa. Amani et al. (2020) and
recommended ranges of 0.3 to 1.3 kPa and 0.8 to 1.0 kPa, correspondingly. Although the lower limit of VPD
recorded in both greenhouses was lower than the recommended 0.5 kPa, the frequency of the VPD values that
were within the recommended range of 0.3 to 2.0 kPa was 2921 and 2972 for the HUMITEM-GH and Conv-GH,
respectively. The VPD in both greenhouses was significantly different with the HUMITEM-GH having higher
VPD values that are within the recommended range that the Conv-GH.

The COz recorded in the HUMITEM-GH and Conv-GH greenhouse was in the range of 318 pmol-mol'-2083
umol-mol ™! and 355 pmol-mol! 1514 v umol-mol, correspondingly. There is evidence that CO> concentrations
in the range of 800 umol-mol! and 1500 umol-mol™! can considerably improve growth, while exposure to a CO:
concentration of less than 350 ppm, the outdoor CO2 concentration indoors, could be detrimental to growth (Kim
et al., 2022). The mean daytime and night-time CO2 concentration in the HUMITEM-GH was higher than the
concentration in the Conv-GH and there was a significant difference between the two greenhouses. However, the
CO:s concentration in the HUMITEM-GH was still in the ranges of 340-1000 pmol-mol™!, 800-1000 umol-mol,
1000 -1500 umol-mol™! and 900-1000 ppm recommended by Garcia and Kubota (2017), and Durkin (1992),
correspondingly. The lower COz concentration recorded in HUMITEM-GH can be attributed to the operation of
the HUMITEM fans which had a higher capacity for circulation and increased ventilation rates.

The SR recorded in the HUMITEM-GH and Conv-GH was in the range of 0.37 W/m?-520.74 W/m? and 0.69
W/m?-448.68 W/m?, respectively. These SR ranges are similar to the SR range of 8.7 W/m? -549.8 W/m? and 3.2
W/m?-631.6 W/m? recorded by Akpenpuun et al. (2021) in single-layer and double-layer greenhouses. The SR in
both greenhouses was nearly the same as there was no significant difference between the amount of radiation
received by each greenhouse. This might be because both greenhouses were side by side and structurally the same
and the fans had no interference with SR reception. The HUMITEM-GH and Conv-GH receive more solar
irradiance (20 W/m? over 10 hours) in March when the sun was more southerly compared to November to
February (9 W/m? over 8 hours) when the sun was more easterly.

5. CONCLUSIONS

The finding from the research highlights the importance of selecting the appropriate air-circulating fan to improve
the microclimate of a naturally ventilated greenhouse. The study found that by using HUMITEM air-circulating
fans, the distribution of climate variables was significantly improved, resulting in a near-optimal growing
condition. The significant difference between the Conv-GH and HUMITEM-GH yield can be attributed to the
significant difference between the Conv-GH and HUMITEM-GH microclimates. The use of HUMITEM air-
circulating fans could have a significant impact on the commercial production of plants, providing farmers and
horticulturists with a tool to optimize the growing conditions of their crops. The improved distribution of climate
variables can increase the efficiency of the greenhouse environment, thereby, resulting in higher yield, reduced
energy consumption, and consequently resulting in cost savings for growers.
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ABSTRACT

This study aimed to create ready-to-eat extruded snacks using underutilized broken brown rice flour, Bambara
nuts flour, and pineapple peel powder as primary ingredients in a 50:45:5 ratio. The effects of extrusion exit
temperature, feed moisture content, and barrel screw speed on protein, total phenolic content, 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging activity, and vitamin C were assessed and modelled using polynomial
regression. The Pareto chart showed that protein and vitamin C were significantly influenced by the quadratic
effect of barrel screw speed, while total phenolic content was significantly influenced by barrel screw speed, and
DPPH radical scavenging activity was significantly influenced by extrusion exit temperature. The extruded snacks
had protein content ranging from 12.87 to 16.36%, total phenolic content ranging from 14.17 to 18.02 mg GAE/g,
DPPH radical scavenging ranging from 14.57 to 16.25%, and vitamin C ranging from 12.05 to 14.25 mg/100g.
The developed regression model predicted the quality attributes well, with a coefficient of determination ranging
between 0.99 and 1. The optimum extrusion conditions for maximizing quality attributes differed, and the
development of extruded snacks from brown rice, pineapple peels, and Bambara nuts would promote sustainable
food production and reduce food waste.

KEYWORDS: Bambara nuts, Pineapple peels, Brown rice, Extrusion, Ready-to-eat extruded snacks
1. INTRODUCTION

There is a constant increase in the consumption of ready-to-eat extruded snacks by many individuals, especially
children, which form a significant part of the daily diet (Ziena and Ziena, 2022). Children and adults are often
captivated by numerous ready-to-eat products such as extruded snacks and noodles, credited for their pleasing
smell, taste, texture, appearance, and ease of consumption. However, the raw materials commonly used in
extrudates are cereals and grains, which are low in certain essential nutrients such as protein, antioxidants, and
vitamins, consequently leading to malnutrition thus, there is a growing demand for healthier snacks.

Bambara nuts (Vigna subterranean) is a legume crop that has substantial socio-economic significance in emerging
markets and is considered a "crop for the future," but is currently underutilized (Diedericks et al., 2020;
Muhammad et al., 2020). The nuts consist of a high proportion of protein, ranging from 17 to 27%. They also
contain a reasonable amount of carbohydrate and fat (Muhammad et al., 2020). Fruit waste, such as pineapple
peel, is an excellent source of low-cost proteins and antioxidants, such as polyphenol compounds and DPPH
radical scavenging activity (Roda and Lambri, 2019). They are also rich in vitamins C, vitamin A, and vitamin Be
(Franklyn et al., 2018). Rice flour from brown rice has become a suitable and established material for numerous
ready-to-eat extruded snacks due to its suitability, hypo-allergenicity, pleasing flavour, and good digestibility
(Dalbhagat ef al., 2019; Sanusi and Akinoso, 2021). It is a good source of dietary fibre and antioxidants. Brown
rice contains a higher protein content than hulled rice due to the presence of bran but is relatively low in vitamin
C. Thus, it is necessary to enhance the protein, vitamin C, and antioxidant properties of products produced from
rice. The chemical composition and antioxidant properties of extruded snacks could significantly influence the
acceptability of the final product. The inclusion of Bambara nuts and pineapple peel into rice-based snacks could
increase the quality attributes of the extruded snacks and provide a promising technique to improve product
quality. However, there is a scarcity of information on the utilization of broken brown rice, Bambara nuts, and
pineapple peel to develop extruded snacks.

Extrusion technology has revolutionized numerous traditional techniques for manufacturing snacks due to its high
suitability, flexibility for different raw materials, and ability to modify the quality characteristics of raw materials
through transformations such as starch gelatinization, protein denaturation, pigment degradation, and amylose
formation (Offiah et al., 2019; Dey et al, 2021). Extrusion conditions significantly influence the overall
compositions and quality of extruded products when they experience shear forces, extreme temperatures, and
extreme pressure treatment, which have been widely studied in the literature (Sukumar and Athmaselvi, 2019;
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Choton et al., 2020; Sahu et al., 2022; Sanusi et al., 2023). However, a few research works focused on the effect
of extrusion conditions on the quality attributes (protein, total phenolic content, DPPH radical scavenging activity,
and vitamin C content) of brown rice-Bambara nuts-pineapple peel extruded snacks. Therefore, this study aims to
examine the effect of extrusion conditions on the quality attributes of brown rice-Bambara nuts-pineapple peel
extruded snacks.

2. MATERIALS AND METHODS
2.1 Materials

Broken brown rice and Bambara nuts were purchased from a local market in [lorin, Nigeria, while pineapple peels
were obtained from a fruit store in Ilorin, Nigeria. The broken brown rice was weighed and milled into flour using
a hammer mill (Nukor, Model: SG 30, South Africa). Bambara nuts were soaked in lukewarm water (40°C) for
12 h, the hull removed, and dried using a fabricated forced-air dryer at 60°C for 12 h. The dried Bambara nuts
were then milled into flour using a hammer mill. The pineapple peels were washed and blanched at 55°C for 30
min to reduce microbial contamination. The blanched pineapple peels were drained, dried at 45°C in a fabricated
forced-air dryer, and then milled into a fine powder using an electric grinder (Grinder GR708HA, China).

2.2 Blends Preparation

A preliminary assessment was conducted using the mixture design feature in Minitab Statistical Software version
20.3 to determine the optimal combination of brown rice flour, Bambara nuts flour, and pineapple peel powder
that can provide the highest protein content. Based on the results of the preliminary experiment, the mixture
consisting of 50% brown rice flour, 45% bambara nut flour, and 5% pineapple peel powder was selected due to
maximum protein content of 13%.

2.3. Experimental design

The study utilized an integration of Taguchi and response surface methodology (RSM) to investigate how
extrusion conditions; extrusion exit temperature (120°C, 130°C, and 140°C), barrel screw speed (300 rpm, 360
rpm and 420 rpm) and feed moisture content (16%, 17% and 18%) affect the protein, total phenolic content, DPPH
radical scavenging activity, and vitamin C content of the brown rice-bambara nut-pineapple peels extruded snacks.
The Taguchi design results were analyzed by the second-order polynomial model of RSM, where the linear,
quadratic, and interaction relationships of EET, BSS, and FMC were related to the protein, total phenolic content,
DPPH radical scavenging activity, and vitamin C contents, as shown in Equation 1:

Y = C + Bix1 + Baxz + Baxs + Pixi? + Bax2? + Paxs? +Piaxiz + Pisxiz @)

Here, C represents the model constant coefficients, Bix1, B2x2, and Bsxs are the linear terms, Bixi%, P2x2?, and Bax3?
are the quadratic terms, and Pi2xi2 and Pi3xi3 are the interaction terms. The responses (protein, total phenolic
content, DPPH radical scavenging activity, and vitamin C) are represented by Y, while x1, X2, and x3 denote the
extrusion exit temperature (EET), barrel screw speed (BSS), and feed moisture content (FMC), respectively. The
models' fitness for the quality attributes was evaluated using the coefficient of determinations (R2, R%qj, and
RZpred). The study also employed analysis of variance (ANOVA) to determine the p-values at a 95% confidence
level and Fischer values (F-value) of the quality attributes. The significant extrusion parameter based on their
linear, quadratic and interaction effects were determined using the Pareto chart in Minitab software version 20.3,
with a reference line indicating the p=0.05 threshold for statistically significant effects.

2.4 Brown rice-Bambara nuts-pineapple peels extruded snacks production

A twin-screw extruder (Model: HN-65, Zhouheng Product, Jinan City, China) was used for producing the brown
rice-bambara nuts-pineapple peel extruded snacks. The flour blends were fed into a co-rotating twin-screw
extruder that contains a barrel, three electric band heaters, and a standard co-rotating screw. Water of 16%, 17%,
and 18% of the entire mass (3 kg) blends were added and mixed using a mixer (Sokany Stand Mixer, Model: Cx-
6612, China). The set temperature of the first and second heating bands of the extruder was 80°C and 100°C,
respectively while the last heating band was varied between 120°C, 130°C and 140°C. A constant feed speed of
120 rpm was used to feed the samples into the barrel through the hopper, where proper cooking took place. The
fed blends passed through the three heating barrel zones at different barrel screw speeds of 300, 360, and 420 rpm
during the extrusion cooking. The cooked samples passed through a die orifice with a diameter of 4 mm in the
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barrel. The extruded products were cut at a speed of 1500 rpm. The final extruded products were collected, dried
using a forced-air dryer at 80 + 5°C and packed in a zip-lock nylon at room temperature for storage.

e. Quality attributes

The protein content was evaluated using the standard method of Association of Analytical Chemists (AOAC)
(2010). The total phenolic content and 2,2 -Diphenyl-1- Picrylhydrazyl (DPPH) radical scavenging activity were
evaluated based on the procedures described by Sanusi e al. (2023). The method described by Gumul ef al. (2013)
was used to determine the Vitamin C.

2.6 Statistical analysis

The experiments were replicated, and the data were analyzed using the SPSS package (SPSS 20.0, SPSS Inc.,
Chicago, IL, USA) through one-way analysis of variance (ANOVA). Significant differences between means were
determined using Duncan's multiple tests with a confidence interval of 95%

3.  RESULTS AND DISCUSSION

3.1 Influence of extrusion conditions on protein content

The protein content of the extruded snacks under the influence of extrusion conditions ranged between 12.87 and
16.36%. The highest crude protein content (16.36%) was attained at 130°C EET, 16% FMC, and 420 rpm BSS.
According to Gbenyi ef al. (2016), a food product with 15% crude protein content is recommended as the basic
protein requirement to arrest protein malnutrition and to also supplement low-protein foods. The protein content
obtained in the extruded snacks is higher than the 13% protein content from the blends of 50% brown rice flour,
45% Bambara nuts flour, and 5% pineapple peel powder. This could be attributed to the high temperature and
high-pressure processing that occurs during extrusion. This process denatures the protein in the flour blend,
making it more available for digestion and increasing its concentration in the final product. Sanusi et al. (2023)
reported similar findings in the production of brown rice-watermelon seeds extruded snacks. The quadratic effect
of BSS showed the most significant influence on the protein content as shown in Figure 1a of the Pareto chart.
The BSS significantly affects the residence time of the products, which consequently influences the disruption
and denaturation of the proteins of extruded products. Alam et al. (2016) reported similar findings. The quadric
effect of EET also had a significant effect on the protein content as shown in the Pareto chart. The protein content
of the extruded snacks can increase at high BSS and low EET or at higher EET and lower BSS (Figure 1b). From
Figure 1c, the protein content increased with an increase in FMC at a lower EET. The linear, quadratic, interaction
effect of EET, BSS, and FMC were significant at p<0.05 on the protein content of the extruded snacks with an F-
value of 21624.77. Equation 2 shows the polynomial regression model developed for predicting the protein
content. The R?, R%yq and R? .qj of the model measure the degree of fitness and had high values of 1.0. This shows
that the model is perfectly sufficient to predict the protein content. A model fitness with R? close to unity (1) is
the best (Sukumar and Athmaselvi, 2019; Sanusi and Akinoso, 2021).

Yprotein = —133.82 — 1.28x; — 0.15x, + 30.59x5 + 0.0087xZ + 0.00048x3 — 0.795x2 + 0.0014x,x, + 0.028x,x; 2

Table 1. Effects of extrusion conditions on quality attributes of rice-bambara nuts-pineapple peel extruded
snacks

FMC EET  BSS TPC Vitamin C
Sample 0" oC)  (rpm) CP(%)  noGapg PPPHCA)  (oiong
A 16 120 300 16.23+.00°  16.28£00°  14.57+.008  12.08+.01°
B 17 120 360 14.24+01° 1621000  14.86+.00f  12.28+.01°
C 18 120 420 14.08+.01¢  14.17+£.008  1521+.00°  14.25+.01°
D 17 130 300 15.35:.01¢  18.02+.01°  16.25£.00°  14.03+.00°
E 18 130 360 14.04+.01¢  15.74+.00°  15.25+.00°  12.05+.012
F 16 130 420 16.36+.01°  1621+£.00¢  16.25+.00°  12.07+.01%
G 18 140 300 14.26+.01°  18.02+.00°  16.24+.00°  14.02+.01°
H 16 140 360 12.87+.00"  16.58+.00°  15.02+.00°  12.66+.01¢
I 17 140 420 15.43+.01°  1527+£.00°  15.11+.00¢  14.21+.01°

Mean values and superscripts with dissimilar letters along the same column are significantly different at p <0.05. CP- Crude Protein, TPC-
Total Phenol Content, 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

30



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

3.2 Influence of extrusion conditions on vitamin C content

The vitamin C content of the extruded snacks ranged between 12.05 and 14.25 mg/100g (Table 1). All values are
significantly different at p< 0.05. The highest vitamin C content was attained at 18% FMC, 420 rpm BSS, and
120°C EET whereas the least vitamin C content was attained at 18% FMC, 360 rpm BSS, and 130°C EET. The
linear, quadratic, interaction effect of EET, BSS, and FMC were significant at p<0.05 on the vitamin C content of
the extruded snacks. The quadratic effect of BSS and EET was observed to have a significant effect on the vitamin
C content (Figure 1d). The vitamin C content of the extruded snacks increased with an increase in BSS at higher
temperature or lower EET at lower BSS (Figure le). Also, high FMC and moderate EET increased vitamin C
content (Figure 1f). This result corroborates with the findings of Choton et al. (2020) that lower feed moisture and
higher extrusion temperature could lead to loss of vitamin C and that short barrel screw speed has a higher
retention rate of water-soluble vitamins such as vitamin C compared to long barrel screw extruders which will
take longer for the extruded products to leave the barrel chamber. The regression model generated for predicting
the vitamin C content in Equation 3 showed that the F-value, R?, R%.q; and R? pre were 3334.61, 1.0, 0.99, and 0.99
respectively, which demonstrated its high accuracy for predicting the model relationship.

Yyicamine = —88.19 + 1.66x, — 0.14x, + 7.56x5 + 0.0084x2 + 0.00031x2 — 0.22x2 + 0.0014x,x, + 0.0008x,x5 3
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Figure 1. Pareto chats and Contour plots of protein content and vitamin C content of rice-bambara nut-pineapple
peels based extrudates snacks. (a) Pareto chat of protein content, (b) Contour plot of BSS and EET of protein
content, (c¢) Contour plot of FMC and EET of protein content, (d) Pareto chat of vitamin C content, (¢) Contour
plot of BSS and EET of vitamin C content (f) Contour plot of FMC and EET of vitamin C content.

3.3 Influence of extrusion conditions on total phenolic content

The measurement of total phenolic content in food products is important because it can help to determine the
potential health benefits of consuming that food. Foods with higher total phenolic content are generally considered
to be healthier options. The total phenolic content of the extruded snacks under the effect of extrusion conditions
ranged from 14.17 - 18.02 mg GAE/g (Table 1). The highest TPC was found at 17% FMC, 130°C EET, 300 rpm
BSS and 18% FMC, 140°C EET, 300 rpm BSS while the lowest was found at 18% FMC, 120°C EET, and 420
rpm BSS. The linear effect of barrel screw speed had the most impactful effect on the total phenolic content
(Figure 2a) and this could be attributed to the high shear forces generated by the screw which can break down cell
walls and release phenolic compounds from the food matrix, thereby increasing their availability. The total
phenolic content of the extruded snack increased at higher EET and lower BSS (Figure 2b). At lower FMC, the
total phenolic content of the extruded snacks increased significantly (Figure 2¢). This result also supports the
findings of Samyor et al. (2018) in the production of red rice and passion fruit powder-based extrudates. The
linear, quadratic, interaction effect of EET, BSS, and FMC were significant at p<0.05 on the total phenolic content
of the extruded snacks. Equation 4 shows the polynomial regression model developed for predicting the total
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phenolic content. Furthermore, the high F-value (272390.7), and the R%, R? .4j. and R? preq of the model are 1 thus
affirming its high precision for the prediction of total phenolic content.
Yrpe = —56.68 — 0.15x, + 0.17x, + 7.25x5 — 0.0051x2 — 0.00010x2 — 0.61x2 — 0.00092x,x, + 0.0108x,x; 4

3.4 Influence of extrusion conditions on DPPH radical scavenging activity

The influence of extrusion conditions on the DPPH radical scavenging activity of the extruded snacks ranged from
14.57 - 16.25% (Table 1). The rice-bambara nut-pineapple peels extruded snacks attained an optimum DPPH
radical scavenging activity in sample D and sample F with extrusion conditions of 17% FMC, 130°C EET, and
300 rpm BSS, and 16% FMC, 130°C EET, and 420 rpm BSS respectively. The least DPPH radical scavenging
activity was attained at 17% FMC, 120°C EET, and 360 rpm BSS. There is a non-significant difference at p > 0.05
in the DPPH radical scavenging activity of sample D and sample F. The DPPH radical scavenging activity of a
food sample depends directly on the food’s total phenolic content (Samyor et al., 2018). The linear effect of EET
had the most significant influence on the DPPH radical scavenging activity of the extruded snacks (Figure 2d).
Lower BSS and moderate EET increases the DPPH radical scavenging activity of the extruded snacks (Figure 2e)
while lower FMC and EET increase the DPPH radical scavenging activity (Figure 2f). These results corroborate
the findings of Samyor et al. (2018) that the DPPH radical scavenging activity of the rice-passion fruit powder
blend extrudates decreased with an increase in barrel speed and extrusion temperature. The high DPPH radical
scavenging activity observed in this study might be a result of the linear relationship between TPC and DPPH
radical scavenging activity, while the decrease in DPPH radical scavenging activity could also be credited to the
reduction in TPC during high extrusion temperature. Basilio-Atencio et al. (2020) also reported similar
observations in the DPPH radical scavenging activity of kiwicha extrudates. Equation 5 shows the polynomial
regression model developed for predicting the DPPH radical scavenging activity with a high F-value of 272390.7,
and the R?, R? 5 and R? pred of the model is 1 thus affirming its high precision for the prediction of DPPH radical
scavenging activity.

Ypppn = 134.67 — 1.10x, + 0.024x, — 5.86x5 — 0.000591x2 + 0.00004x2 — 0.13x2 — 0.00042x,x, + 0.081x,x5 5
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Figure 2. Pareto chats and Contour plots of total phenolic content and DPPH content of rice-bambara nut-
pineapple peels based extrudates snacks. (a) Pareto chat of total phenolic content, (b) Contour plot of BSS and
EET of total phenolic content, (c) Contour plot of FMC and EET of total phenolic content, (d) Pareto chat of
DPPH radical scavenging activity, (e) Contour plot of BSS and EET of DPPH radical scavenging activity (f)
Contour plot of FMC and EET of DPPH radical scavenging activity.

4. CONCLUSIONS

Blends of broken brown rice flour, Bambara nut flour, and pineapple peel powder were used to produce ready-to-
eat extruded snacks at a ratio of 50:45:5. The extrusion exit temperature, feed moisture content, and barrel screw
speed significantly affected the protein, total phenolic content, DPPH radical scavenging activity, and vitamin C
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contents of the snacks. Polynomial regression models were developed to predict the influence of extrusion
conditions on quality attributes, with R%, R? 44, and R? prearanging between 0.99 and 1.0, indicating high adequacy.
Optimum extrusion conditions for maximizing quality attributes differed, and the developed models could aid in
optimizing the quality attributes of extruded snacks, leading to improved product development. Furthermore, the
development of extruded snacks from brown rice, pineapple peels, and Bambara nuts would promote sustainable
food production and reduce food waste.
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ABSTRACT

The objective of this work was to introduce an advanced wastewater treatment technology; co-polymerized
polyvinyl difluoride (PVDF)-polyethylene glycol (PEG) membrane system for anaerobically-pretreated palm oil
mill effluent (POME) treatment. The co-polymerized hollow fibre membranes were fabricated using a wet
spinning technique and then used to remediate POME as the feedstock. The physicochemical properties of the
POME were analyzed before and after treatment with the hollow fibre. The analyzed parameters included
chemical oxygen demand (COD), colour, total suspended solids (TSS), turbidity (TDS), and total nitrogen (TN).
A preliminary test was carried out using distilled water before continuing with POME as a feed solution. The
average permeate flux obtained by the PVDF-PEG membrane was 70 L/m?.hr with a slight flux decline that is
probably due to the attachment of foulants compounds on the membrane surface and pores. The synthesized
modified membrane reduced the COD, colour, TSS, TDS and TN by 92.1, 86, 97.89, 99.98 and 80.26 %,
respectively. In conclusion, it can be said that the modified PVDF-PEG membrane demonstrated excellent
performance in treating the POME to produce a permeate with better qualities.

KEYWORDS: Nano-MgO, PVDF-PEG Membrane, POME, Filtration, Contaminants Removal
1 INTRODUCTION

The commonly applied nanoparticles to modified polymeric membranes includes ZnO, TiO2, Ag.0s, AL2Os,
graphene oxide, SiO2 and CuO (Jhaveri & Murthy, 2016). Tan et al., (2017) enhanced the permeation and
antifouling properties of a bared PVDF membrane by incorporating synthesized Zn-Fe oxide (ZIO) into the matrix
structure. The nanocomposite membrane with 0.5 wt % ZIO loading demonstrated a significant increase in
permeate flux to the magnitude of 25% raise compared to the bared PVDF membrane. Also, Shen et al., (2012)
modified the matrix structure of polymeric membrane using ZnO nano-additive. The result showed that the
additive had significant influence on the pores structure as well as the hydrophilicity of the membrane. Over 254%
improvement in permeability flux was reported at the loading of 0.3 g ZnO nano-additive. Furthermore, the
authors validated that the porosity of the modified composite membrane increased with the presence of the nano-
additive, which ultimately justified the reported high flux. The Nano-ZnO has large surface area that expedite the
formation of hydroxyl (~OH) functional group on the surface. The presence of -OH enhanced hydrophilicity of
the PVDF polymeric membrane, thus mitigating fouling rate. Analogously, TiO2 Ag20s and Al2Os also exhibit
similar features when incorporated into the matrix structure of polymeric membrane. (Subramaniam et al., 2017)
synthesized titanate nanotubes using nano-TiO:z as a precursor to modify the PVDF membrane. The results
substantiated that under photo-catalytic condition, the involvement of TiOz in the dope formulation improved the
permeation consistency (35.8 L/m?h) of the resultant nanocomposite membrane. Negligible fouling was observed
at 0.5 wt % TNT loading throughout the 4 h continuous filtration. Another report has shown strong agreement
with this observation, and the results indicated that the antifouling performance of TiO2 was due to generated —
OH under UV spectrum and its aptitude to exhibit self-cleaning. Also, attention has long drifted to the use of
nano-Ag>0s to modify polymeric membrane (Biswas & Bandyopadhyaya, 2017). The nano-additive released Ag
ions to inhibit the metabolism of the microbial-foulants, thereby preventing the generation of the extracellular
polymeric substance (EPS). Thus, this ultimately curtailed the organic and bio-fouling. Maximous et al., (2010)
investigated the antifouling impact of Al2Os; and the results showed that at optimum 0.05 wt % loading, the
modified composite polymeric membrane was less prone to fouling. Besides, the presence of Al>O; in the matrix
structure of a polymeric membrane not only reduces the fouling but also improves the flux consistency.

Most of the widely used nanoparticles, particularly as mentioned above, are photo-catalytic driven to address the
fouling issue. This implies that the presence of ultraviolent radiation is a prerequisite to precede the antifouling
performance. More so, the issue continues releasing antifouling radicals and superoxide could seriously jeopardize
the stability of the composite matrix structure. In line with this, Tan et al. (2017) reported that the structural
instability of the modified nanocomposite PVDF-ZIO membrane was discernible after four filtration cycles due
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to the collapse of the incorporated nanoparticles. This could significantly undermine the overall antifouling
performance and also re-expose the modified membrane to inconsistencies in permeation flux along with frequent
fouling challenges. Moreover, the nano- ZnO, TiO2, Ag03, Al:Os and CuO are relatively expensive and the
running cost could be unsustainable for industrial applications (Jhaveri & Murthy, 2016).

Meanwhile, nano-MgO has remained one of the antimicrobial and super hydrophilic nanomaterials yet to be fully
explored in improving filtration and antifouling performance of polymeric membrane (Parvizian et al., 2017). The
nano-MgO has the ability to release reactive oxygen species (ROS) which directly extract lipid from the cells of
the microbial-foulants. This ultimately disrupted the metabolic activities and hindered biofilm formation. More
interestingly, the nano-MgO not only averts bio-fouling formation but, it is also capable of evincing self-cleaning
mechanism. The nano-MgO precursor is readily available and comparably cheaper than other nanomaterials (such
as TiO2, Ag203, Al2Os3, and ZnO). Therefore, MgO-nanoparticles intimate a promising additive capable of
enhancing antifouling properties and permeation performance of polymeric membranes for industrial filtration
purposes. Currently, application of a modified Nano-MgO (MGO) composite PVDF-PEG membrane for
separation of color pigment from POME has not been reported.

In view of these, the present study focuses on modifying the structure of an in-house fabricated PVDF-PEG
ultrafiltration membrane at various loadings of MGO. The impacts of the incorporated MGO were examined based
on the morphological changes, hydrophilicity, the permeability flux and fouling resistance of the resultant
membrane. Furthermore, the rejection and color separation efficiency were studied, and also the used membranes
were characterized using Fourier transform infrared spectroscopy. The outcome of the study demonstrated that
the involvement of the MGO in the dope formulation significantly improved the antifouling properties and the
permeation performance, alongside with color separation from palm oil mill effluent (POME) via the synergy of
surface deprotonation and pore size screening mechanism.

2 MATERIALS AND METHODS/METHODOLOGY/EXPERIMENTAL PROCEDURE
2.1. Materials

Nano-MgO (MGO: particles size (BET) < 50 nm; MW = 40.30 g/Mol; purification 99.9%), Pellets PVDF (Kynar
740) and polyethylene glycol (PEG: 12,000 g/mol) were procured from Sigma Aldrich (M) Sdn Bhd, Selangor,
Malaysia. The PVDF was applied as the major membrane matric polymer, while the PEG as co-polymer to
enhance pore formation. The N,N-dimethylformamide (DMF), ethanol and glycerol were also obtained from
Sigma Aldrich (M) Sdn Bhd, Selangor, Malaysia, and respectively used as doping and post-treatment solvents
without any further purification. LiC12.H20 was purchased from Acros Organic Industry, Chemicals and
Reagents, Semenyih, Selangor, Malaysia Also, POME sample was collected from an Oil Palm Milling industryin
Malaysia.

2.2. Synthesis of Nanocomposite PVDF/PEG-MGO
2.2. Dope Formulation

The dope formulation was preceded by adding nano-MgO into DMF and then subjected to sonication using digital
ultrasonic water bath (VWR 142-0300) at 75 °C for a period of 20 min. Subsequently, LiCl._ H2O was added into
the mixture with steady agitation of 350 rpm and 75 °C for a period of 24 h. Essentially, this procedure assists in
dispersion of the MgO as well as ensuring good blending of the mixtures. The mixture was followed by adding
the dehydrated PVDF pellets and the co-polymer, PEG. The combination was stirred continuously at 350 rpm and
100 °C for another 24 h using a hot-plate stirrer (Monotaro; C-MAG HS7, Malaysia) to achieve a homogenous
solution. The amount of the MgO contained in the dope solutions were varied as contained in Table 1.

Table 1: dope formulation

Description PVDF:PEG g | Nano-MgO LiCL.H.0 DMF
Neat Sample 30:10 0.0 2 158
Modified Sample | 30:10 0.5 2 158

2.3. Spinning of Nano-Hybrid PYDF/PEG-MGO Hollow Membrane
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It is important to note that same spinning parameters were applied for all of the samples. The dopes were spun
through dry-jet wet swirling technique employing an annular spinneret. The inner and outside diameter of annular
spinneret was 0.55 and 1.15 mm, respectively. During the fabrication of the membrane, tap water and distilled
water was used as the external and internal coagulant. In addition, the pick speed control, collecting drum speed,
extrusion rate, air gap, external coagulant temperature, room temperature and room humidity remains constant at
7 rpm, 11 rpm, 5 mL/min, 10 cm, 25 °C, 29.5 °C and 72.7%, respectively. The spun fibers were drench in a
continues flow water-bath at least for a period of 24 h to dislodged solvent remnants. In order to minimize
shrinkage, post-treatments were applied on the fibers by immersing in ethanol for 12 h, then followed by drenching
in glycerol for 5 h, respectively. The post-treated fibers were air-dried for at least 24 h to ensure complete
dehydration.

2.4. Morphology Characterization

The cross section and surface morphology of the synthesized Nano-hybrid fiber were examined using scanning-
electron-microscope, (SEM: S-3400N). The composite fibers were immersed into liquid nitrogen for f 5 minto
ensure sharp breaking of the fiber to reveal the cross-sectional structure. Then, the fractured samples were
sputtered coated with gold thin layer, and the voltage acceleration was maintained constant at 20 kV during the
image capturing.

2.5. Flux analysis

The filtration performance was examined using a fabricated dead-end permeation system, equipped with
membrane module cell and a peristaltic pump to provide the required suction pressure. Each of the modules
comprises of 10 units of the membrane with equal length of 20 cm. initially, the membrane was compacted at a
pressure of 0.4 MPa for a period of 30 min to ensure steady flux, while the subsequent filtration operations were
performed at lower pressure of 0.3 MPa. The DI water (Jw) and permeate flux (Jp) were determined using
Equation (1):

»
AgAt

] = (1
where J denotes the flux in L/m?_h, V is the volume of permeate (L), As is membrane surface area (m?) and At is
filtration time in h.

2.6. POME Remediation

The membrane fibers were subjected to filtration of diluted POME with 4285 ADMI color concentration using
same set-up as applied when pure water was used as feed. Initially, the membranes fibers were submerged in the
POME solution for 90 min to initiate adhesion of thin layer color pigments on the fibers. This procedure assists
in achieving accurate color rejection performances of the fibers (Subramanium et al. 2017). The apparent color
content of the feed POME and permeate were analyzed in ADMI using UV-spectrophotometer (DR4000U,
HACH) at an absorbance wavelength of 400 nm. The POME decolorization efficiency was determined using
Equation (2):

C.
%Cremovar = (1~ —2=) X 100 2

CpPoME

2.7. Analytical Methods

The chemical oxygen demand (COD), ammonia nitrogen (AN), total suspended solids (TSS), turbidity (TDS),
and colour removal were analyzed using recommended standard procedures (APHA, 2005).

3. RESULTS AND DISCUSSION

3.1. Membrane Morphology

Figure la presents the scanning electron microscope (SEM) images of cross-sectional view of the neat and
modified hybrid nano-MgO (MGO) PVDF-PEG membranes. It is obvious that the neat fiber had 3 layers. The
middle layer constitutes majorly of sandwich-like morphology containing short finger-like pores at both sides
toward the ultra-thin layers. However, different scenarios were observed with the modified nanocomposite
membranes. A finger-like pore became longer and the number of the micro-pores structure increased considerably
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Figure 1b (Shen et al. 2012) . In addition, some spongy macro-voids were also noticed towards the inner ultra-
thin layer. This observation is in agreement with previous studies reported (Shen et al. 2012). From Figure 1b, it
can be deduced that the 0.5g MgO loading was successfully and homogenously dispersed within the matrix
structure. This also show good compartment at this loading.

B100 BSECOMP 120Pa 11/22/2018 ' * 3000 HITACHI20.0KV 4 6mm x6.00k BSECOMP 120palf0/25/2018. g#5.000m

Figure 1: Cross-section and surface view of the SEM analysis of the (a) neat and (b) modified membrane with
MgO

3.2. Flux performance

The modified membranes presents higher flux of 70 L/m2-h, as against 48.59 L/m?h for the neat membrane.
Collectively, the magnitude of the fluxes in POME filtration were noticeably lower compared to the pure water
filtration. This could be due to the presencecontaminants, such as suspended solids, color pigments, organic and
inorganic substances) in the POME, which apparently restrict the free flow of permeate through the membranes.
Basically, the selectivity and rejection of the contaminants is based on size differences in the pores as well as the
surface zeta potential of the membrane (Tan et al. 2017).
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Figure 2: Pure water and POME Permeability flux for the Neat and Modified Membrane

3.3. POME Remediation Performance

Figure 3 present the remediation performance of both the neat and modified membrane. The neat membrane
successfully reduced the COD, colour, TDS, TSS and TN concentration in the POME by 80.15, 67.5, 83.6, 87.01
and 70 %, respectively. However, under same conditions of operations, the modified membrane presented a
superior performance with an upturn of 92.1, 86, 97.89, 99.98 and 80.26%, respectively. The better separation
performance of the modified membrane may be due to the incorporated nano-MgQO. The blended nanoparticles
serve as filler which is capable of reducing the pore sizes and thus improve the selectivity (Nunes-Pereira et al.,
2017). More so, nano-MgO introduces hydroxyl functional group (OH”) into the matrix structure, and this
enhances waterlike characteristic of the polymeric membrane, thus the permeability flux (Khamkongkaeo et al.,
2017).
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Figure 3: Filtration Efficacy: COD, Colour, TDS, TSS and TN Separation

4. CONCLUSION

Hybrid PVDF-PEG hollow fibers blended with nano-MgO was fabricated using phase inversion technique. The
loading at 0.50 g-MGO presented auspicious performance with 198.35 and 70 L/m?h of pure water and POME
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filtration flux, respectively. Also, the synthesized modified membrane reduced the COD, colour, TSS, TDS and
TN by 92.1, 86, 97.89, 99.98 and 80.26 %, respectively. As against 80.15, 67.5, 83.6, 87.01 and 70 %, respectively
for the neat membrane. Therefore, it can be deduced that nano MgO-hybrid PVDF-PEG membrane with 0.50 g-
MgO loading presents a better permeate flux and separation performance compared to the neat membrane.
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ABSTRACT

Renewable energy is getting more attention due to the depleting of non-renewable fossil fuels and its effects on
global warming issues thus trigger the intense research in finding better alternative energy with low emission. The
present work aims to study the potential of hydrogen gas production (for renewable energy) by electrocoagulation
process from landfill leachate. The central composite design from response surface methodology (RSM) software
was implemented to investigate the process variables in the hydrogen production system. The effects of three
independent variables; namely pH (4-8) and voltage (3-9V), using different types of electrodes (Al, Fe, and Ni)
were studied. At optimal condition of voltage 9V and initial pH 6 at 20 minutes, the Al electrode recorded an
upturn maximum Hz yield of 697 ppm, while 554 and 551 ppm were obtained with Ni and Fe electrode,
respectively. More so, a good correlation between the actual and the predicted data was observed as elucidated by
the coefficient of determination (R?).

KEYWORDS: H: Production, Electrocoagulation, CCD Response Surface Methodology, Electrodes
1. INTRODUCTION

Since hydrogen gas burns quickly, emits no greenhouse gases, has a higher energy density, requires little ignition
energy, and has a very high research octane number, it is commonly regarded as a fuel of the future (Nanthagopal
et al., 2011). It is important to clarify that the octane number is a measurement of a fuel's resistance to knocking
in spark-ignition internal combustion engines, and it is typically used to rate gasoline. Hydrogen's high RON
indicates that it has a high resistance to knocking, similar to premium gasoline. However, 95% of the hydrogen
produced worldwide now comes from fossil fuels, mostly from the steam reforming of natural gas (Ogden, 1999).
Numerous other processes, including electrolysis, thermolysis of water, and the thermocatalytic reformation of
hydrocarbons, are also referred to as industrial hydrogen production processes (Demirbas et al., 2010). However,
the scope of large-scale hydrogen production using these techniques is undesirable because of the concurrent
synthesis mixture with the oxygen (Smolinka et al., 2009). This is especially true for the electrolysis of water.

But electrocoagulation (EC) technology is a method of treatment that uses electrical current to treat pollutants by
including coagulant. According to Shammas et al. (2010), in addition to lowering residue for waste production,
coagulation has the ability to remove small particles inside pollutants and set them into motion with the applied
current. EC can be used to de-fluoridate water and is capable of removing a wide range of contaminants under a
variety of circumstances, including suspended particles, metals, petroleum products, colour from dye solutions,
and aquatic humus (Holt et al., 1999). This demonstrates that the treatment conditions—such as pH, voltage,
electrode types, etc.—have a significant impact on how well the EC process works.

For instance, Shivayogimath et al. (2014) explored the impact of pH values (4, 5.8 and 8) on the elimination of
COD throughout the course of a batch run lasting 40 minutes at a 3V applied cell voltage. It was shown that the
COD removals increased with a longer reaction time for all three pH values. However, a pH value of 5.8 resulted
in the best COD elimination. With 35 minutes of the reaction period and this pH, COD was reduced from 4820
mg/L to 2250 mg/L, yielding a COD removal efficiency of 53.3%. Similar to this, Abdallah et al. (2013) confirmed
that pH might considerably affect the generation of both hydrogen and oxygen.

According to the results of the experiments, the synthesis of hydrogen and oxygen is improved the further away
from pH 7 there is in the range of pH from 3 to 13. Furthermore, according to Song et al. (2008), it was discovered
that an ozone electro-coagulator with an optimal pH of 10, dye concentration of 100 mg/L, a current density of
10 mA/cm?, salt concentration of 3,000 mg/L, the temperature of 30 °C, ozone flow rate of 20 mg/L, and electrode
distance of 3 cm effectively removed 96% of colour and 80% TOC. Sengil et al. (2009) reported the results of the
second investigation, which used electrocoagulation with iron electrodes to remove 98% of Reactive Black 5 from
synthetic wastewater.
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A dye concentration of 100 mg/L, a pH of 5, a current density of 4.575 mA/cm?, a salt concentration of 3,000
mg/L, a temperature of 20 °C, and an inter-electrode spacing of 2.5 cm are the ideal treatment conditions.
Additionally, it has been noted that electrocoagulation using Al electrodes has a greater removal effectiveness
than electrocoagulation using Fe electrodes (Wang, 2009). According to Ilhan (2008), under the identical
treatment settings, Al electrodes provide greater COD and NH3N elimination of 56% as opposed to 35% for the
Fe electrode. According to Shivayogimath et al. (2013), the pH of 6 and a voltage of 9V guarantee the best
hydrogen yield when utilising Al electrodes.

It is noteworthy that leachate has the capacity to electrocoagulate hydrogen gas at yields that are close to the
theoretical maximum of 4 mol Hz2/mol of hexose consumed (Pawar et al., 2013). The EC method for using leachate
to produce hydrogen is still only being widely adopted by a small number of companies. Due to the large quantity
of garbage that is being accumulated today and how negatively it will damage the environment for decades, there
have been few research on the production of hydrogen gas from leachate, despite the fact that it is essential to
fixing the leachate problem. The major goal of this work is to investigate the potential for producing hydrogen
gas by the EC process utilizing several electrode types (Al, Ni, and Fe), and then to use response surface
methodology (RSM) to optimize the operating conditions (pH and voltage).

3 MATERIALS AND METHODS/METHODOLOGY/EXPERIMENTAL PROCEDURE (10
point)
a. Materials Source

Leachate samples of about 75 litres were taken from one of the Malaysian treatment facilities in Selangor for the
electrocoagulation process. The samples were initially kept in a refrigerator at 4 degrees Celsius. Aluminium,
Nickel, and Iron electrodes of three different types, a DC-voltage rectifier with a variable device (BK PRECISION
- DC regulated power supply model 1621A), a gas bag and delivery tube (TEDLAR 0.6 LITRES), and acidic
buffer solutions (prepared sulphuric solution) were sourced and used in the subsequent experiments.

b.  Physicochemical Characteristics of leachate

The gathered leachate was sent for laboratory analysis utilising a variety of methodologies, including APHA 2007
and direct measurement with YSI probe (QWI-CH/17-33) to ascertain its properties for comparison with the
findings from experiments conducted. According to the ALS Technichem, characteristics like temperature, pH,
total suspended solids (TSS), copper, aluminium, and zinc content, as well as biochemical and chemical oxygen
demands (BOD and COD), were examined. Using a gas detector (Crowcon), the composition of the biogas that
the leachate from each experiment produced was identified.

c. Experimental Set-up

The electro-coagulation experimental setup for this study is presented in Figure 1. The experimental set was
applied distinctly for the three types of electrodes (Al, Ni and Fe) considered in this study. This shows that
electrodes were continuously changed. Initially, 800 ml of the leachate sample was filled into the glass container
of 1.3L. The glass container was placed on the hot plate magnetic stirrer (E) while the instalment of electrodes
plates (A and B) was connected to the power supply for adjusting different voltage (F) throughout the experiment.
After each experiment, the gas collected in the gas bag (D) through the delivery tube (C) was transferred out using
a syringe into the Crowcon gas analyser. The volume of gas in ppm was detected and shown in the device for
comparing and recording.
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Figure 1. Experiment set-up for the electrocoagulation process for H2 production from leachate (A-anode
wiring, B-cathode wiring, C-tubing of gas flow, D-gas bag 0.6L, E-hot plate magnetic stirrer, F-DC
regulated power supply)

d.  Experimental layout and Performance Optimisation

Design-Expert version 7.0 was used to develop the experimental layout based on the considered two independent
factors (voltage and pH). The developed experimental layout was applied independently using the selected
electrodes (Al, Ni and Fe). The summary of the experimental layout is presented in Table 1. The experimental
factors were varied to different levels which ranged from 4-8 and 3-9V for the pH and voltage, respectively.

Table 1. Summary of the CCD experimental layout for the combined pH-X1 and voltage-X2 factors

Variable Parameters Level

+1 0 -1
X1 pH-A 4 6 8
X2 Voltage (V)-B 3 6 9

The central composite design (CCD) component of the response surface methodology (Design-Expert version
10.0) was employed in the optimization of hydrogen gas production from the electrocoagulation process through
leachate as a substrate. Based on the experimental layout, a total of 13 runs of experiments were required to
perform with 4 replications of the centre point. The regression model was calculated by analysing the analysis of
variance (ANOVA), p-and F-value. The adequacy of the model was expressed by the coefficient of determination,
R? followed by the predicted- R? and adjusted R? value. The model describes the interaction among the parameters
influencing the response by varying them concurrently by 3D surface graph and ANOVA. The value of R? was
compared to visualized the modelling abilities towards the experimental data. Hence, readings of predicted values
against the experimental values were plotted and investigated for its suitability for optimal conditions. These
procedures were applied distinctly for the three types of the electrodes considered in this study, and then the H
yield under the varying conditions was compared.

e. Analytical Methods

At the end of each experiment using a particular type of the electrode, the collected hydrogen gas in the gas-bag
was retrieved with a syringe, H (Model: TERUMO-60ml) and then analysed using Crowcon gas analyser, G (as
depicted in Figure 2). Also, the physicochemical characteristics of the leachate were analysed using calorimetric
methods in accordance with (APHA Standard Method, 2007).

Figure 2. Setup for gas analysis using the Crowcon Analyser
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4  RESULTS AND DISCUSSION
a. Physicochemical characteristics

Table 2 presents the physicochemical properties of the leachate sample alongside the Malaysian discharge limit.
Virtually all the examined parameters exceed the standard limits, and this further confirms that releasing of such
waste without proper remediation is unhealthy for the environment. It was only the pH that can be considered
within the acceptable limit, but as for the other parameters they were far above the Department of Environment
Malaysia (DOE) limit (Table 2). It is important to note that the level of contaminants concentrations in leachates
depends on several factors such as deposition durations, method of depositions, environmental factors as well as
the types of waste (Kabuk et al., 2013; Shivayogimath et al., 2013). Thus, it is crucial to determine the initial
physiochemical characteristics of the leachate before treatment to establish the basis for comparison with the DOE
standard and level remediation.

Table 2. Physiochemical characteristics of the leachate sample

DOE
Parameters Unit Leachate Standards
pH - 9.7 6-9
Temperature °C 20.8 20
Total Suspended Solid (TSS) mg/L 870 S0
Biochemical Oxygen Demand (BOD) mg/L 1610 20
Chemical Oxygen Demand (COD) mg/L 4340 120
Ammonia-N mg/L 2440 S0
Free Chlorine mg/L <0.5

b.  Experimental results

Based on the CCD experimental layout, the treatments were applied and the corresponding hydrogen gas produced
using Al; Ni and Fe electrode were recorded into the experimental matrix, as presented in Table 3. Essentially,
the three electrodes were subjected to similar treatment conditions.

Table 3. Experimental matrix for treatment factors with respective Hz values for the electrodes

Factor Factor Hydrogen Gas (ppm)

1 2
Run A:pH B: Al- Ni- Fe-

Voltage Electrode Electrode Electrode

1 9 6 510 332 422
2 8 9 696 538 551
3 4 6 463 450 262
4 6 6 697 683 550
5 4 3 153 77 101
6 6 6 697 690 546
7 4 9 697 809 554
8 6 6 697 554 551
9 6 2 151 89 109
10 8 3 156 108 103
11 6 2 173 77 109
12 6 6 695 550 551
13 6 6 600 457 552

The highest volume of 809 ppm of the hydrogen gas was obtained at 9V voltage and pH of 4 with Ni
electrodewhile, 697 and 554 ppm were recorded with Al and Fe electrodes, respectively. At this same voltage
magnitude of 9V but pH of §, the H> yield with Ni reduced to 538 ppm, while for AL and Fe electrode remains
approximately stable at 696 and 551 ppm, respectively. As the voltage reduced to 2-3V, the H» yield using Ni
electrode dramatically reduced to 77 ppm and this recorded the least hydrogen gas production in this study. At
treatment condition of 6 V and pH of 6, an upturn performance of 697 ppm was obtained with the Al electrode as
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against 554 and 551 ppm for the Ni and Fe electrodes, respectively. It can be noticed that higher voltage favours
more hydrogen gas production. This remark is in strong agreement with previous studies (Shivayogimath et al.,
2013; Bazrafshan. ef al., 2007 and Yao Hua Ch. ef al., 2008).

c.  Analysis of variance (ANOVA) and regression model

The results of the analysis of variance for the Hz yield data obtained for the three electrodes are as shown in Table
4. The Model F-value of 64.90, 21.42 and 24.34 for the Al, Ni and Fe imply the model is significant at P<0.05
and there is only 0.01-0.04% chance of disturbance due to noise (Table 4). In this analysis, a "Prob > F" value less
than 0.0500 indicate model terms are significant. Thus, it is obvious that the regression analysis of the
experimental design for the Al-clectrode shows that the linear model terms B(Voltage) and the two quadratic
model term (A% and B?) are significant at this confidence level (P<0.05) with respective F-values of 146.37, 39.00
and 26.48. It can be noticed that the only significant terms when the Ni electrode was used were B and the
quadratic term of A2, and the corresponding F-values were 56.24 and 8.75, respectively. The Fe electrodes show
a similar response to that of Al. The significant terms were B, A% and B2, with corresponding F-values of 57.99,
16.68 and 7.68, respectively. It can be noticed that in all the three regression analysis B-linear term (voltage) is
highly significant but its quadratic term only shows some effect with Al and Fe electrode. However, the linear
term A (pH) was not significant irrespective of the type electrode. Thus, the regression model for the H2 production
based on the significant terms using Al, Ni and Fe electrodes were as expressed in Eq. 1, 2 and 3, respectively.

Hy— a1 prectroge = 691.32 + 257.69 X B — 131.57 x A2 — 115.92 X B2 (1)
Hy—pi glectrode = 581.11 4 281.65 X B — 109.89 X A2 )
Hy—re plectroge = 538.06 + 218.35 X B — 115.82 X A% — 84.04 X B2 3)

Table 4. Analysis of variance (ANOVA) of the model for H2 production using Al, Ni and Fe electrode

Source Al-Electrode Ni- Fe-
Electrode Electrode

F - Prob F Value Prob F Value Prob

Value >F >F >F
Model 64.90 <

0.0001 21.42 0.0004 2434 0.0003

A-pH 3.84 0.0843 0.86 0.3837 3.34 0.0758
B- 146.37 <
Voltage 0.0001 56.24 0.0001 57.99 0.0001
AB 1.005E- 0.9756 2.465E-

003 3.28 0.1132 004 0.9879
A 39.00 0.0004 8.75 0.0211 16.68 0.0047
B 26.48 0.0013 3.70 0.0957 7.68 0.0276
R 0.9789 0.9387 0.9251
Adj-R’ 0.9638 0.8948 0.8165
Erfd' 0.5123 0.6374 0.6021

The fit of the regression models for the three electrodes was also expressed by the coefficients of determinations
R?, which were found to be 0.9789, 0.9387 and 0.9251 for Al, Ni and Fe electrodes, respectively. The data were
further diagnosed by plotting a linear graph between the actual and predicted values, as presented in Figure 3a, b
and c, respectively. It can be observed that the data points were all around the diagonal line, and this implies
insignificant deviations. More so, the respective adjustable and predicted R? values were (0.9638; 0.5123),
(0.8948; 0.6374) and (0.8165, 0.6021). Thus, the excellent correlation values of R? shows that the regression
models are adequate to navigate the design space, and as such, they are suitable for predicting the Hz yield.
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Figure 3. Linear correlation between the actual and predicted Hz yield using (a) Al-electrode, (b) Ni-
electrode, and (c) Fe- electrode

d. Response Surface of the synergistic effect of treatment factors on the optimal hydrogen gas production

As shown in Figure 4a, b and c, hydrogen gas production increases with the voltage but decreases gradually as
the voltage decreases to lower ranges. The surface response alongside with contour of Figure 4a, based on the
optimization criterion, the optimal hydrogen yield (697 ppm) was obtained at the voltage 9V and pH of 6 with Al
electrode, though the corresponding predicted value was 833.091 ppm. Figure 4(b) illustrated the optimized
condition for Hz production using the Ni electrode. Similarly, higher voltage (9V) favours Hz production with an
optimal yield of 554 ppm and the predicted values of 617.391 ppm, but this is considerably lower compared to
that of the Al-electrode. This observation is in good agreement with the report of Shivayogimath et al., (2013).
Furthermore, Figure 4(c) depicts the surface response of the combined effect of voltage and pH on the optimal
hydrogen production using the Fe. An optimal value of 551 ppm with a corresponding predicted value of 672.372
ppm was obtained. Generally, it can be noticed from these figures that the impact of the pH on the Hz yield was
not significant. Bazrafshan. ef al., 2007 and Yao Hua Ch. ef al., 2008 reported that the increase in pH may be as
a result of hydrogen evolution at the cathodes electrode. Chafi et al. (2011) contested that the surge in pH was
only due to the release of CO:2 from the wastewater, though Hz bubble were generated as disturbance during the
process. They further explained that, at lower pH, the CO» is over-saturated in wastewater and as such Ho is
released leading to an increase in the pH value. In this study, the pH did not affect the treatment processes
significantly despite the wide range of the variation.
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4.0. CONCLUSION

The electrocoagulation process based on varying voltage and pH, using different types of electrodes (Al, Ni, Fe)
for hydrogen production from leachate was successfully optimized using response surface methodology (RSM).
CCD optimization component of RSM was applied in this study and the results show that the Al electrodes give
an upturn optimum Ha yield of 697 ppm at the most suitable treatment parameters of pH 6 with the voltage of 9V
for 20 min treatment durations. While, the Hz yield under these same conditions using Ni and Fe electrodes were
554 and 551 ppm, respectively. The respective model coefficient of correlation (R?) for the experimental and
predicted Hz value were 0.9789, 0.9387 and 0.9251. This shows the precision of the regression model is adequate
to navigate the design space, and as such, it can be efficiently used for the prediction of hydrogen production from
leachate under the electrocoagulation process conditions.
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ABSTRACT

The effects of toxic substances including heavy metals (HMs) in the human environment have become a
significant source of worry for the wellbeing of man and his dwellings. This work focused on the containment of
HMs pollution in dumpsite soils through phytoremediation using Stinging Nettle (Urtica dioica) as macrophyte.
The effects of macrophyte density (1 — 3 plants/m?) and bio-degradable chelating agent (Citric acid) concentration
(3 — 9 mmol/kg) on the phyto-extraction efficiency of Pb was considered in this study. Soil trials were taken from
a municipal dumpsite (depth 0 — 20 cm) in Makurdi, North-Central Nigeria which was already found to contain
elevated Pb concentrations (106.20 mg/kg) for the phytoremediation experiments. Control pots that received same
treatment without the addition of citric acid were also set up and monitored for comparisons. The bio-
concentration factor for Pb was less than unity (BCF < 1), while the translocation factor was greater than one (TF
> 1) at all macrophyte densities with the maximum occurring at macrophyte density of 3 plants/m?. Overall, uptake
of Pb by Urtica dioica increased with increment in the macrophyte density and at moderate lime concentration (6
mmol/kg).

Thus, Urtica dioica is an efficient natural hyper-accumulant for Pb pollution control in tropical soils.

KEYWORDS: Chelating agent, Dumpsites, Heavy metals, Soil, Phytoremediation, Stinging Nettle.
1. INTRODUCTION

The persistence and toxicity of heavy metals in the environment has been a global ecological and human wellbeing
concern in recent times. Both natural and human-induced practices contribute to the accumulation of heavy metals
in various environmental matrices including soils, water, food and air. The most common anthropogenic causes
emerge through improper solid and liquid waste management practices. These result in the creation of huge
quantities of non-useful substances that prompt the discharge of harmful features to the environment including
heavy metals (Abdu, Yusuf, 2013; Nuhu et al., 2014; Ma et al., 2015). Additionally, the quantum of heavy metal
occurrence in soils is influenced by the geological composition of the soils (Sivarajasekar et al., 2018).

Food security, green revolution and agricultural endowment are greatly related to the quality and quantity of soil
available. However, as a result of rapid urbanization and spring-up of industries, the quantity and quality of soils
available for agricultural production have been greatly retarded (Sivarajasekar et al., 2018). Heavy metals are
among the most worrisome group of soil pollutants due to their toxicity to humans and the ecosystem. When
present in soils , heavy metals solubilize in the soil-water-nutrient interaction and are taken up by plant/crop roots
and translocated to the whole parts of the plants where they are persistently stored in stems and leaves of the
plants. When such crops are consumed by man and his animals, they are exposed to the toxic and carcinogenic
effects of heavy metals (Ayoub ef al., 2010; Thedioha et al., 2017).

Research efforts in the past have been focused on ascertaining the status of heavy metal (Pb, Zn, Cd, Ni, Cu etc.)
contamination in and around dumpsites with little efforts given towards its removal for the safety of the ecosystem
(Wang et al., 2016; Gabarron et al., 2017). Unfortunately, active or non-active municipal solid waste dumpsite
soils which are associated with alarming heavy metal pollution status are frequently utilized for urban agriculture;
a situation that subjects the end consumers of such food to the deleterious consequences of the toxic heavy metals
due to bio-accumulation and food chain contamination problems (Wu et al., 2018).

The most common methods for remediating heavy metal contamination in soils include; electro-chemistry,
biochar addition, bioremediation and phytoremediation. Among these methods, phytoremediation which is the
application of growing ornamental plants for the removal of toxic pollutants including heavy metals in soils is
mostly considered. Phytoremediation is favoured for soil remediation because of its low cost, efficiency and low
energy inputs when compared with the other methods. Several researchers have reported the deployment of
phytoremediation as a treatment for reducing heavy metals in polluted soils. These researches cut across various
continent of the world and have utilized different plants/macrophyte for phytoremediation trials. For instance, in
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Asia, Massadeh snd Massadeh (2019), used citrus lemon (Rutaceae), Ceratonia siliqua L., Olea europaca
(Oleaceae), Washingtonia filifera, and Myoporum (Myoporaceae) to examine the removal of copper (Cu) and
zinc (Zn) ions from aqueous solutions, while in Africa, Ameh et al., (2020), used groundnut (4rachis hypogaea)

and beans (Phaseolus vulgaris) plants to examine the removal of cadmium, chromium, copper and lead from soil.

Phytoremediation as a sole strategy is conventionally limited for large scale uses targeting non- bioavailable heavy
metals in soils. This is largely due to the long durations associated with the process (Wang et al., 2019). Thus the
use of improved techniques such as induced phytoremediation, chelate-assisted phytoremediation and genetic
manipulation of the macrophyte prior to its use for phytoremediation has been recently advocated.

The choice of phytoremediation and its successful implementation for heavy metal control in soils is dependent
on the availability of plant species that are hyper-accumulants of heavy metals. To this end, it is pertinent to study
the suitability of local plants for their efficacy in phytoremediation with respect to heavy metals decontamination
of soil of which several tropical ornamental and food crops are yet to be tested in this regard. The macrophyte of
choice in the current work: Stinging nettle (Urtica dioica) was previously tested for its heavy metal uptake in soils
without much success due to the non-bioavailability of heavy metals in the polluted soils (Shams ef al., 2009;
Murtic et al., 2021: Sharifi et al., 2023). Recently, researchers have advocated the use of improved techniques for
enhanced phytoremediation of heavy metals by Urtica dioica. For instance Viktorova et al. (2016) asserted that
the phytoremediation ability of Urtica dioica can be greatly enhanced by genetic manipulation of the macrophyte
using constitutive CaMV 35S promoter. Another improved technique is the use of biodegradable and non-
biodegradable chelating agents to improve the bioavailability of heavy metals towards its effective phyto-
extraction by the chosen macrophyte. These techniques have been explored by some researchers for enhanced
phytoremediation of heavy metals using macrophyte such as Amaranthus caudatus L. and Tagetes patula L.
(Aghelan et al., 2021), Sasa argenteostriata (Yang et al., 2022), and Pfaffia glomerata (Huang et al., 2021) among
others. The use of biodegradable chelating agents for improved phyto-extraction of heavy metals from
contaminated soils is promoted ahead of the use of the non-biodegradable types due to its environmental
friendliness and non-secondary pollution disposition. The most commonly tested biodegradable chelating agents
and plant species have been chronicled by Shinta et al. (2021).

Despite the huge potentials of improved phytoremediation and environmental safety of biodegradable chelating
agents towards heavy metal extraction from polluted sites, these techniques have not been tested using Urtica
dioica; A macrophyte that has already shown significant prospects as a hyper-accumulant of heavy metals should
the technique be improved. Therefore, this study was set out to fill this knowledge gap with the following specific
objectives: (1) to comparatively study the phytoremediation of Pb by Urtica dioica under the application of citric
acid (a biodegradable chelating agent) and non-application scenario in a controlled environment pot experiments
using actual contaminated dumpsite soils, (2) to test the effects of macrophyte density and chelating agent
concentration on the phytoremediation of Pb using Urtica dioica.

2. MATERIALS AND METHODS

The materials for this study were laboratory auger, aluminium foil, and polyethylene bags, lead contaminated
soils, a screen house, standard analytical reagents and laboratory wares, stinging nettle plants, distilled water,
concentrated citric acid and perforated cylindrical plastic pots. The experiments were carried out at the Research
Farm of the Department of Agricultural and Environmental Engineering, Joseph Sarwuan Tarka University,
Makurdi using standard pot cultures in a controlled environment devoid of external environmental influences.
Soil samples from a municipal dumpsite that were already established to contain elevated levels of Pb in our
previous study were used for the phytoremediation experiments. The Pb uptake ability of a locally available plant:
Stinging nettle (Urtica dioica) was tested at varying plant/macrophyte densities and chelating agent (citric acid)
concentrations using distilled water for irrigation. Control pots that did not receive chelating agent and/or not
planted with Urtica dioica but received irrigation or planted in non-polluted soils were also set-up for
comparisons.

Inferential indices considered in the evaluation of the system were the translocation factor, bio-concentration
factor, and overall Pb uptake in the roots and aerial parts of the plants as well as the plant height over the growing
period. These parameters were determined following the method of Das ef al. (2014).

2.1 Soil Sample Collection and Determination of Initial Pb Concentration

Soil samples were collected in the month of September, 2022 from an identified dumpsite with elevated
concentration of lead in an urban settlement in Makurdi, North-central, Nigeria. The soils were randomly collected
in sufficient quantities at a depth of 0 -20 cm using a laboratory auger in order to prevent the interference of wastes
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and degrading materials in the samples. The soils were initially homogenized by thorough mixing before putting
same in polyethylene bags, enclosed with aluminium foils and transported to the laboratory and experimental site
for further analysis and use respectively (Ihedioha et al., 2017).

In the laboratory, the soil were homogenized again and characterized for the physico-chemical properties (details
not reported here) and then stored at room temperature before analysis for heavy metal content. For the
determination of Pb concentration in the soil sample, the method of Hedge et al. (2009) was followed for sample
digestion, while the concentration of Pb (mg/kg) in the sample was determined using a flame atomic adsorption
spectrophotometer (Shimadzu model AA 700) equipped with a deuterium lamp and air/acetylene head burner as
carrier gas system in accordance with the method of Wamalwa et al. (2018) at a wave length of 283.3 nm. Quality
assurance was done by determining the concentration of Pb in spiked and unspiked control soil samples and the
computing the percentage recovery following the procedure of Naz et al. (2018).

2.2 Experimental Set-up

The experiments were set-up in perforated cylindrical plastic pots of 250 mm? top areas and depth of 200 mm. the
experiments were conducted for a total duration of 60 days with an additional initial seven day acclimatization
period. The pots were filled with homogenized samples of contaminated soils (3 kg) with an inherent Pb
concentration of 106.20 mg/kg. A drainage water collection vessel was placed underneath each experimental pot
to collect and recycle water/nutrients in the system. The pots were initially treated with deionized water at 60 %
of field capacity and left for one week. After that, the already established Urtica dioica plants grown in a nursery
were transplanted into the experimental pots at the desired plant densities and following standard agronomic
practices. Edge effects were minimized by routine randomization of the experiment pots in the screen house. The
planting densities adopted were 1, 2 and 3 plants/m?. Initially, the pots were planted with 6, 10 and 14 plants and
later tinned to 4, 8 and 12 plants to give planting densities of 1, 2 and 3 plants/m? respectively as desired. The
chelator treatments using citric acid were started on day 30 after transplanting at dosages of 3.0, 6.0 and 9.0
mmol/kg and planting density of 3 plants/m?. Similar control pots that received only deionized water without the
additions of citric acid (chelating agent) were also set up and monitored for comparison. Each experimental
treatment was replicated thrice and arranged in a completely randomized design form.

In order to maintain the cleanliness of the experimental environment, weeding was done manually without the use
of herbicides and insect infestation were prevented by the screen house, thus no insecticides were used. Photo and
dark periods of 14 and 10 hours/day respectively were maintained throughout the experimental period in the screen
house. Similarly, room temperatures of 30 + 2 °C and 23 + 2 °C were maintained during the day and night times
respectively. Fig. S1 in appendix shows the schematic of the experimental set-up. The average height (ft) of the
macrophyte was monitored using a flexible tape over the growing period at an interval of 5 days with emphasis
on the experimental pots with three plants/m? and varying citric acid concentrations (0 -9 mmol/kg).

23 Determination of Pb Concentration in Harvested Plant (Urtica dioica) Parts and Data Analysis

At the end of the 60 days experimental period, the experiments were terminated and the Urtica dioica plants were
separately harvested from the experimental pots and prepared for further analysis. The roots and shoots of each
plant category were carefully separated using a disinfected knife. The separated parts of the plants were separately
and carefully washed with deionized water; air dried and weighed using a digital weighing balance (Adam model
PW 184). Each weighed sample was labelled and placed in dry plastic pots for further determination of the inherent
Pb concentrations (mg/kg). Again the concentration of Pb in the component parts of the plants for each
experimental treatments and control were determined after ashing in a muffle furnace set at 800 °C (Carbolite
model GPC 12/81 + 103, Sheffield, England) and digestion using a flame atomic adsorption spectrophotometer
in accordance with the methods of Rashid et al. (2016). Then the phytoremediation potentials of Urtica dioica for
Pb under the various experimental treatments and control were determined as the Bio-concentration Factor (BCF),
Translocation Factor (TF) and Enrichment Factor (EC:) using equations 1, 2 and 3 respectively (Das et al., 2014;
Madanan et al., 2021). The percentage reduction in Pb concentration in the soil was measured to indicate the
chelating efficiency using equation 4, ANOVA was used to analyse the data sets (P = 0.05). The growth (height)
profile of Urtica dioica was also measured at an interval of 5 days for the 60 day experimental period using a
flexible meter rule.

BCF = - (D

Where s = the combined concentration (mg/kg) of Pb in the plant aerial parts and roots
q = the initial concentration of Pb (mg/kg) in the soil.

TF = Z ()

-
Where, z = Pb concentration in aerial parts of the plant
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r = Pb concentration in the plant roots

EC, = § (3a)
OrEC, = - (3b)
Where z, r and q are as defined above.

9% Reduction = initial concentration of Pb—final concentration of Pb in soil % 100 (4)

initial concentration of Pb in soil

3. RESULTS AND DISCUSSION
The results of these experiments are presented in the following sections with discussion of findings and
implications. These have been sub-dived into; The effects of plant density on the uptake of Pb in soils, The effect
of planting density on the Pb phytoremediation potentials of Urtica dioica, effects of chelating agent concentration
and plant density on percentage reduction of Pb in soils and the growth characteristics of Urtica dioica under Pb
contaminated soils and control.

31 Effects of Plant Density on Phytoremediation of Pb by Urfica dioica

The influence of plant density (1 — 3 plants.m?) on the total uptake of Pb (mg/kg) from contaminated soil by Urtica
dioica is shown in Table 1 for both the aerial parts and roots of the macrophyte. In the aerial parts, Pb uptake
ranged from 0.00 + 0.00 to 11.10 + 0.23 mg/kg. The uptake of Pb from the dumpsite soils increased with increase
in the plant density and was significant at P = 0.05 (Table 2). Similarly, the uptake of Pb in the roots of Urtica
dioica increased with increase in planting density (0.00 = 0.00 — 19.80 + 0.14 mg/kg) and was significant at P <
0.05 (Tables S1 — S2a-e in appendix). The control showed no uptake since the soils were not contaminated with
Pb. The BCF was 0.00 + 0.00 — 0.29 + 0.20 (Table 1) and was significantly higher in experimental pots having 3
plants/m? (P < 0.05).

The BCF is an indicator of the macrophyte ability to accumulate pollutants including heavy metals depending on
its initial concentration in the polluted media (Madanan et al., 2021). Increase in the BCF as the plant density was
increased indicate that more Pb was accumulated when the extracting macrophyte were increased thus signifying
a liner relationship. Macrophyte with BCF values between 1 and 2 are considered as suitable for phyto-extraction
(Das et al., 2014). The BCF values in phytoremediation are not enough to elucidate on the absolute suitability of
a macrophyte as a hyper-accumulant, thus to unravel this, a more suitable index known as the TF is used. In this
study, the TF ranged from 0.00 + 0.00 in the control to 1.89 + 0.06 in the 1 plant/m? experimental pots. It was
further observed that an increase in the plant density lead to a decrease in the TF. This trend was ascribed to
competition among the macrophyte to phyto-extraction of Pb in the polluted soil. Macrophyte that extract heavy
metals and largely store it in the roots have TF < 1, while TF >1 indicate the transfer of the extracted metals to
the aerial parts of the plant. In this vein, Urtica dioica was found to phytoextract Pb in the soil and efficiently
transfer same to its shoots for all plant densities considered in this work (Table 1). This shows that Urtica dioica
is a good accumulator of Pb ions from polluted soils.

Similar to the BCF and as shown in Table 1, the EF was also found to increase with an increase in the plant density
(0.00 +0.00 —0.17 + 0.006). The EF shows the relationship between the concentrations of the extracted pollutant
in the aerial parts of the macrophyte to the remaining concentration in the soil. Thus values > 1 show hyper-

accumulation, while those lower than 1 indicate moderate to good accumulation of the pollutant (Madanan et al.,
2021).

Table 1: Effects of Plant Density on Phytoremediation of Pb

S/No Phytoremediation Plant Density (Plants/m?)

Parameter 1 2 3 Control
1. Bio-concentration Factor 0.28 +0.006° 0.28 +0.006° 0.29 £0.20° 0.00 = 0.00?
2. Translocation Factor 1.89 £0.06° 1.85+0.01° 1.74 £ 0.00° 0.00 = 0.00?
3. Enrichment Factor 0.15 £ 0.006° 0.15+0.02° 0.17 = 0.006° 0.00 = 0.00?
4, Aerial Pb Uptake (mg/kg)  10.00 £ 0.66° 10.54 £ 0.96° 11.10 £ 0.23° 0.00 = 0.00?
5. Root Pb Uptake (mg/kg) 19.20 + 0.42° 19.20+£0.11° 19.80 £ 0.14°¢ 0.00 + 0.00?

Values are means and standard deviations of triplicate experiment. Values with same superscript across rows are not significantly different
at P=0.05.

3.2 Effects of Chelating Agent Concentration on Pb Removal by Urtica dioica

The effect of citric agent concentration as a chelating agent to aid bioavailability of Pb in polluted soils was tested
in the range of 3.0 — 9.0 mmol/kg. A control that received 0.0 mmol/kg of citric acid was also monitored for
comparison. One way ANOVA and Duncan Multiple Range Test (DMRT) indicated a significant difference in
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the levels of citric acid considered (P = 0.05) as shown in Table S3 and S4 in the Appendix respectively. Pb
removal efficiency ranged from 68.90 £6.12 — 88.35+2.08 % (Table S5 in appendix) with the lowest and highest
values observed in the control and pots with citric acid concentration of 9.0 mmol/kg respectively (Fig. 1).
ANOVA also showed that there was no significant difference in the Pb uptake efficiency of the 6.0 and the 9.0
mmol/kg set set-ups. Thus it was recommended that the moderate citric acid concentration of 6.0 mmol/kg is
optimal for bioavailability and subsequent uptake of Pb from polluted soils by Urtica dioica macrophyte. Thus in
this study it was found that a planting density of 3 plants/m? and citric acid concentration of 6 mmol/kg are ideal
for efficient removal and translocation of Pb by ornamental Urtica dioica macrophyte.
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Figure 1: Pb Removal Efficiency as Influenced by Citric Acid Concentration
33 Growth of Urtica dioica at varying Chelating Agent Concentration in Polluted Soils.

The average height of Urtica dioica as a phytoremediation plant was monitored for 60 days in the pots containing
3 plants/m? and at the various chelating agent concentrations. The control pots which had 0.0 mmol/kg of citric
acid were found to exhibit higher growth as compared with the pots that received various citric acid
concentrations. Initially, before the introduction of the chelating agent to the experimental pots (0 -30 days), the
plant height were not different, however, when the chelating agent was introduced (30 — 60 days), the growth of
the macrophyte began to decline with increase in the concentration of the citric acid (Fig. 2). This was ascribed to
the toxicity of Pb, which hindered its optimal growth. As stated earlier, when the concentration of citric acid was
increased, the bioavailability of of Pb in the soils for phytoextraction by Urtica dioica was also enhanced. This
situation encouraged Pb toxicity to the plants, leading to a diminished growth pattern as evidenced in Fig 1. Similar
toxicities were documented by other researchers (Zair et al., 2014).

4. CONCLUSION

In this work a novel macrophyte: Urtica dioica (Stinging nettle) was used for the first time towards the
phytoremediation of Pb in polluted dumpsite soils. The influence of macrophyte density and biodegradable
chelating agent concentration on the phytoremediation ability of the macrophyte was carefully studied in
macrocosm pot experiments conducted under a controlled environment (screen house). The bio-concentration
factor and enrichment factor were lower than unity at all planting densities and were significantly higher at higher
plant density (3 plants/m?), while the translocation factor indicated the excellent phyto-extraction capability of
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Urtica dioica as values were > 1 for all planting densities and significantly reduced with increase in the plant
density. The Pb removal efficiency was found to depend on the chelating agent (citric acid concentration) and
significantly increased with an increase in the chelating agent concentration up to a moderate value of 6.0
mmol/kg. The growth of Urtica dioica in the polluted soil media was inhibited by an increase in the chelating
agent concentrations which promoted the bioavailability of Pb, its subsequent phyto-extraction and translocation
which increased Pb toxicities in the plants morphological physiological functions.

It was therefore concluded that Urtica dioica is a good candidate for phytoremediation of Pb polluted soils at
higher planting densities and moderate chelating agent concentrations.
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Figure2: Effects of Citric Acid concentration on the Growth of Urtica dioica in Pb Contaminated soils
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ABSTRACT

The removal of dyes such as crystal violet (CV) from effluents is a major concern worldwide due to their toxic
and carcinogenic nature. Recently, biodegradation through microorganisms has emerged as a potential method for
eliminating these pollutants. This study was carried out to investigate the extent and the kinetic parameters of
biological degradation of crystal violet by mixed-microbial cultures from cow dung and soil. A solution containing
100 mg/1 of CV was prepared and added to a reactor inoculated with cow dung and another with soil. The reactors
were stirred continuously for 300 mins with concentration of CV measured every 15 mins. For 1 g/l initial
inoculum size, 92% and 75 % of CV degradation was achieved with cow dung and soil respectively. Adsorption
test showed both cow dung and soil have negligible adsorption capacities. Kinetic parameters like maximum
growth rate (mmax) and half-saturation constant (Ks) were estimated to be 2.65 day™! and 0.45 g/1 for cow dung.
However, 0.82 day'and 1.33 g/l as mmax and Ks for soil were estimated respectively. These results showed mixed
microbial cultures from cow dung and soil can effectively degrade CV. It also suggests that cow dung is a more
efficient inoculum than soil in degrading CV.
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5.  INTRODUCTION

The presence of dyes in effluents of various industries like textile, cosmetics, pharmaceuticals, rubber and plastic
poses a serious threat to the environment when they are discharged without sufficient level of treatment (Hussain
et al., 2020; Singha et al., 2021). Dye-coloured effluent directly discharged into rivers and lakes does not only
introduce aesthetic problems but, also obstruct penetration of light, as a result hindering aquatic plant
photosynthesis, reducing dissolved oxygen concentration and creating toxic conditions to aquatic flora and fauna
(Dutta & Bhattacharjee, 2022). The environmental issues surrounding the presence of colour in effluent is a
continuing problem for dyestuff manufactures, dyers, finishers and water companies, because increasingly
stringent colour consent standards are being enforced by regulatory bodies to reduce the quality of colour in
effluent and water courses (Kannan & Sundaram, 2001; Al-Tohamy et al., 2022). Crystal violet (CV) is one of
the most used dyes in textile and pharmaceutical industries. It is very notorious due to its structural stability and
resistance to heat and light. Crystal violet is toxic, mutagenic and carcinogenic (Mudhoo et al., 2020; Patil et al.,
2022). This detrimental effect means eliminating crystal violet from effluents cannot be over emphasized.

There are various physicochemical techniques for the treatment of effluents containing dyes such as adsorption,
precipitation, reverse osmosis, chemical oxidation, photodegradation, advanced oxidation, coagulation,
membrane filtration, electrochemical processes, and ultrasonic irradiation (Abdi et al., 2020; Samsami et al.,
2020). However, most of these methods of decolorizing and treating dye-containing effluents are not widely used
due to high investment cost, formation of sludge, formation of hazardous by-products and intensive energy
requirements (Abdi et al., 2020; Al-Tohamy et al., 2022). Physiochemical methods of dye removal are effective
only if the effluent volume is small and still generates toxic sludge. This has therefore resulted in considerable
interest in the use of biological techniques for the treatment of these effluents. Biodegradation and bioremediation,
especially through bacteria, is becoming an emerging and important sector in effluent treatment. Recently,
microbial degradation of textile effluent has been reported as eco-friendly and more economical than
physiochemical methods (Shah, 2013).

Biodegradation utilizes microorganisms such as bacteria, fungi and protozoa to breakdown the organic wastes or
contaminants into smaller less harmful substances. Such biological processes are cheaper, produce less sludge,
cost effective processes and have the potential to remove or decolorize the dye completely (Kalyani et al., 2009;
Hussain et al., 2020). Microorganisms from different sources such as animal waste, food waste, sewage, sludge,
cow dung, soil, etc. have the potential to achieve a higher degree of dye-degradation and can process a complete
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mineralization of dyes under optimal conditions (Asad et al., 2007). Although the ability of isolated bacteria to
metabolize CV dye has been investigated by a number of researchers (Chen et al., 2007; Mondal et al., 2010;
Parshetti et al., 2011), biodegradation of crystal violet and other dyes can be less effective because of the inherent
characteristics of dyes like anti-septic and anti-fungal nature, complex chemical structure, toxicity, high weight,
and strong molecular bonds (Mani & Bharagava, 2016). To date, there is little information, if any, on the extent
of crystal violet degradation using mixed microbial cultures (unacclimated) and the biokinetic parameters.

Thus, this present study work was carried out to investigate the comparative effectiveness of crystal violet
degradation using mixed microbial cultures from cow dung and soil. The study also aimed to estimate and compare
the main kinetic parameters of biodegradation for both cow dung and soil.

6. METHODOLOGY

2.1 Materials and apparatus

The materials and main apparatus used include: analytical grade crystal violet (Sigma Aldrich, Germany),
analytical grade ammonium chloride (99.5% Sigma Aldrich, Germany), magnetic stirrer (TOP-SH2, China), UV-
vis spectrophotometer (Zuzi 4201/20, France) and weighing balance (Ohaus SP202, Scoutt Pro, USA). Distilled
water was produced using water distiller (SZ-96 Mon Scientific, Nigeria). Other apparatus used were stopwatch
and glassware.

2.2 Collection and preparation of inoculum

Cow dung and soil are the inoculum used in this study. They were collected from a farm used by the Center for
Dryland Agriculture at Bayero University Kano. The cow dung and soil were collected and separately sieved to
minimize stones and dirt and also to obtain uniform particle size of <250 mm. The samples were then stored in
airtight plastic containers prior to usage.

2.3 Preparation of dye solution and calibration

A 1000 mg/1 stock solution of dye was prepared by dissolving crystal violet powder in distilled water. NH4Cl was
also added in trace amount (100 mg) to the solution. Afterwards, six (6) samples of 0, 2, 4, 6, 8 and 10 ppm of
CV were prepared by diluting the stock solution with appropriate volumes of distilled water. The absorbance of
each of the six samples was measured using a UV spectrophotometer at a 565 nm wavelength.

2.4 Biodegradation experiment

2.4.1  Adsorption studies

Two parallel batch reactors with 500 ml working volume were set up and operated at room temperature (25°C) to
allow the treatment of the 100 mg/l CV dye solution with cow dung and soil simultaneously. Mixing was carried
out using a magnetic stirrer. Adsorption capacity was calculated for cow dung and soil by mixing 100 mg/l of CV
solution in 500 ml reactors with 0.5 g of cow dung in the first reactor and 0.5 g of soil in the second reactor. The
reactors were allowed to mix continuously for 30 minutes and the concentration of CV in the reactor was measured
afterwards. The adsorption capacity (qa) and adsorption coefficient (Kd) for both cow dung and soil were
calculated using equations 1 and 2 below (Habib et al., 2004):

14
(ads = (CO - Ceq) ; ............... (1)

Ka=qats/ Coq wrvvevinnaninnnns 2)
where C, and Cy are the initial and equilibrium CV concentration (ppm), V is the volume of the reactor (0.5 1), m
is the mass of inoculum (g) and Kz is the adsorption coefficient (1/g).

2.4.2  Biodegradation studies

The biodegradation studies began by mixing 100 mg/l of CV in 500 ml reactors with 0.5 g of inoculum in separate
reactors. The reactors ran continuously for 5 hrs. In each reactor, 5 ml of well-mixed solution was withdrawn
every 15 minutes to determine the concentration of CV. The same experiment was repeated with a higher inoculum
size of 1.5 g for both cow dung and soil.

2.5 Calculation of kinetic parameters
The half saturation constant (Ks) and maximum growth rate (7mma) on crystal violet for the microorganisms in cow
dung and soil in the reactor were calculated using the Monod model:
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where 7» indicates the cell growth rate (mg biomass/I/h), s is the substrate utilisation rate (mg CV/l/h), X the cell
concentration (mg /1), S the CV concentration, mmax the maximum growth rate (h!), K the half-saturation constant
(mg CV/1) and Y the biomass growth yield on CV (mg biomass/mg CV). The mumax and Ks were calibrated on the
basis of the time profiles of CV Concentration during the biodegradation experiment. The values of mmax and Ks
calculated using non-linear regression of the Monod equations. ¥ was assumed to be equal to 0.47 mg biomass/mg
substrate, on the basis of the biomass yield reported in many textile effluent studies (Insel et al., 2002; Henze et
al., 2008).

3  RESULTS AND DISCUSSION

3.1 Adsorption studies

The aim of the adsorption experiments was to quantify the contributions of CV removal due to adsorption during
operation of the bioreactors. A contact time of 30 minutes was chosen because adsorption is generally considered
to be a fast process (Zhao et al., 2008). The results of adsorption studies for cow dung and soil are shown in Table
1. The amount of CV adsorbed on cow dung is lower than 2 mg CV/g and the adsorption coefficient was less than
0.02 1/g. The CV adsorbed on soil was much lower than that of cow dung as 0.47 mg CV/g soil. The adsorption
coefficient of soil was also about seven times lower than that of cow dung. This is a clear indication that CV
adsorption on the inoculum used in this study is very low and therefore can be considered negligible. Hence, it
can be said that any reduction in CV concentration in the biodegradation experiments is solely due to microbial
action.

Table 1: Adsorption of crystal violet on the cow dung and soil used in this study

Inoculum Inoculum Concentration CV adsorbed Ka
(€10)) (mg CV/g inoculum) W/g)

Cow Dung 1 1.465 0.014

Soil I 0.473 0.0019

The adsorption coefficient (Kd) between CV and the inoculum obtained in this study is in agreement with the
values reported by Fent et al. (2003) in a different study, which observed Ka values (units converted for
consistency) between 0.0055 and 0.074 1/g. The results in Table 1 also shows that cow dung has better adsorption
potential as compared to soil.

3.2 Biodegradation experiment

Figures 1 and 2 show the concentration profiles of CV in the reactors with 1 g/l and 3 g/l initial inoculum size
respectively.
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Figure 1: CV concentration profile in the reactors inoculated with 1 g/l Cow dung and 1 g/1 Soil
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Figure 1 shows that CV degradation was faster with cow dung as compared to soil when the initial inoculation
size was 1 g/l. It further shows that about 92 % of CV was degraded within 300 minutes. However, only about
75% degradation of CV was achieved with soil. It was also observed that the CV concentration dropped by about
30 % and 20 % within the first 60 minutes for cow dung and soil respectively. On the other hand, as observed in
Figure 2, increasing the inoculation size from 1 g/l to 3 g/l significantly improved the degradation rate of CV in
the reactor with soil, achieving almost 93% degradation within 200 minutes. It can also be observed that increasing
the inoculum size of both cow dung and soil virtually doubled the rate of CV degradation where 65% and 42% of
the CV removal was achieved within 60 minutes respectively. It is important to observe that most studies reported
in the literature were carried out using isolated bacteria (pure culture). Roy et al. (2018) reported 81.25 %
degradation of CV after 72 hours using isolated bacteria. Ayed et al. (2009) also achieved up to 92% decolorization
of CV within 3 hours using isolated bacteria. In another study, Parshetti et al. (2011) achieved 100 %
decolorization of CV within 5 hours using isolated radiobacter. Indeed, this study has shown that mixed microbial
cultures (not isolated) can achieve high CV degradation similar to the ones achieved with pure cultures.
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Figure 2: CV concentration profile over in the reactors inoculated with 3 g/l Cow dung and 3 g/I Soil.

3.3 Kinetic parameters of growth

The data generated from the batch operation of the reactors and the time profiles collected were used to estimate
the maximum growth rate of the microorganisms growing on CV. Figures 3 and 4 show the estimated #2max and
K values for cow dung and soil respectively. The mmar for cow dung was estimated to be 2.65 day™!, which is
about three times higher, compared to soil with 0.82 day™'. In terms of K, soil was estimated to have higher value
than cow dung (1.33 vs 0.45 g/l respectively). This is expected because higher degradation rate corresponds to
higher mma and lower Ks (Henze et al., 2008). Typical values of mmax reported in literature ranges from 0.22 —
13.2 day™! and K; vary from 0.005 — 2.93 g/l (Sollfrank & Gujer, 1991; Pala & Tokat, 2002; Al-Malack, 2006;
Rajagopalu & Kanmani, 2008). In general, the values of mm. and K obtained in this study are within the range of
the reported values for these parameters in the literature.
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Figure 3: Rate of CV degradation over time. Comparison of experimental and model data for batch experiment
with cow dung. The estimated mmar and K are reported on the graph
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Figure 4: Rate of CV degradation over time. Comparison of experimental and model data for batch experiment
with soil. The estimated mmax and K are reported on the graph

4 CONCLUSION

This study has shown that crystal violet can be degraded by mixed microbial cultures inoculated from cow dung
and unacclimated soil in a batch reactor. The observed extent of CV degradation with cow dung was 90 — 92 %
for cow dung and 75 — 93 % with soil. CV adsorption on cow dung and soil used as inoculum was measured and
was found that adsorption was a negligible for CV removal in this case. This study shows that increasing the initial
inoculum size increases the rate of degradation for both cow dung and soil. Kinetic parameters like maximum
growth rate and half saturation constant were estimated to be 2.65 day™! and 0.45 g/1 for cow dung. The values for
soil were found to be 0.82 day™ and 1.33 g/, and these are in agreement with the literature. The results obtained
suggest that cow dung is a more efficient inoculum than soil in degrading CV.
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ABSTRACT

The mathematical model (MT) was used to identify and predict oil spill (OS) movement. The MT was developed
based on the solution governing the partial differential equations of flow to simulate the processes of spreading
and advection of oil slick on the surface and the oil droplet concentration distribution in the H2O column,
respectively. The oil movement (OM) was estimated by the vector sum of the wind drift, the surface current,
spreading and diffusion. The transport of the oil phases in the water (H20) column was computed using the
advection—diffusion equation. The variables determined were: oil spread rate on the H2O surface, concentration
of oil per area of spread in the H20O column, concentration of oil per time in the H2O column and spreading area
per time. The kinetic models were developed to determine the rate of OM on the H2O surface and column. The
result obtained indicated that the concentration of the OS on H>O surface per surface area of spread decreases as
the surface area increases while the concentration of the OS decreases with time. The concentration of the OS per
unit area at an area of 100m? reduced from 0.06432 to 0.01114 kg/ m? at 200 m2.

KEYWORDS: Oil spill, Wind speed, Oil slick, Time, Water column

1. INTRODUCTION

Rapid economic growth has caused a significant increase in fossil fuel consumption in recent decades. World oil
production increased to about 74 million barrels per day by January 2005, and was fairly constant until 2011 when
it started to increase to 77.8 mb/d in 2014 (Murray, 2015). The world production of crude oil is about 3 billion
tons per year and half of it is transported by sea (Goldemberg, 2006; Ibeawuchi, 2016). Oil is often spilled during
its transportation through the sea in accidental discharge or through accident during road transportation with the
aid of tankers. Most oil has a density less than water, which makes it to float in water. Oil tends to spread into a
thin layer on the surface of water as sheen (Claireaux and Davoodi, 2010).

The discharged oil is of different varieties such as crude oil, refined petroleum products (such as gasoline or diesel

fuel) or by-products and can be further categorized into light, medium and heavy oils. Very light oils such as jet
fuel, and gasoline is highly volatile and evaporate quickly. Very light oils are one of the most acutely toxic oils
and generally affect aquatic life (fish, invertebrates, and plants) that live in the upper water column. Light oils
(diesel, light crude, heating oils) are moderately volatile and can leave a residue of up to one-third of the amount
spilled after several days. Light oils leave a film on intertidal resources and have the potential to cause long-term
contamination. Medium oils (most crude oils) and heavy oil can cause severe and long-term contamination to
intertidal areas but medium oils are less likely to mix with water, while heavy oils (heavy crude, No. 6 fuel oil
and Bunker C) do not readily mix with water and have far less evaporation and dilution potential (Okoye and
Okunrobo, 2014). Heavy oils have severe impacts on waterfow] and fur-bearing marine mammals. These oils tend
to weather slowly. Clean-up of heavy oil is difficult and usually a long-term process. Very heavy oils can float,
mix, sink, or hang in the water. These oils can become oil drops and mix in the water, accumulate at the bottom,
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mix with sediment and then sink. (Anderson et al., 1993). When liquid oil is spilled on the sea surface, it spreads
over the surface of the water and forms a thin film called, oil slick (Okoye and Okunrobo, 2014). The movement
of the slick is governed by the advection and turbulent diffusion due to current and wind action (Koch and
Bavumiragira, 2019).

When an oil spill occurs on water, the three (3) major step of controlling and managing it is as follows; mechanical
containment, recovery and clean up. When an oil spill happens on water, it is critical to contain the spill as quickly
as possible to minimize danger and potential damage to persons, property, and natural resources. Containment
equipment is used to restrict the spread of oil and to allow for its recovery, removal, or dispersal. The most
common types of equipment used to control the spread of oil and recover oil from the surface are floating barriers,
called booms, skimmers sorbents, netting systems, sorbent booms, improvised booms and barriers, bubble barriers
and chemical barriers, while the clean-up techniques are bioremediation and dispersants. Bioremediation involves
the use of microorganisms or biological agents to break down or remove oil. Selection of the most appropriate for
a specific oil spill situation will depend on the particular conditions. Once an oil spill has been contained, efforts
to remove the oil from the water can begin. After a large oil spill, the oil slick is sometimes treated with a
dispersant. Dispersants emulsify petroleum by reducing the interfacial tension between petroleum and water. The
small droplets that are formed are dispersed into a water column to a depth of several meters, preventing wind-
induced drift of the oil slick. It is claimed that treatment by a dispersant enhances the biodegradation of petroleum.
Oil spillage affects both animals and human staying close to the shore or those whose livelihood depends on the
surrounding water and ultimately trigger health-associated problems. For effective management of oil spread on
the surface of the water, laboratory investigations have been conducted to study the variables that affect the spread
of oil with some submissions that makes it possible to manage it. Extending laboratory work by using them as a
basis for the prediction of oil spills will assist in monitoring and taking proactive decisions to minimize the effect
of spillage in the environment.

2. METHODOLOGY
2.1 Model Development for Spreading and Advection of oil spills

In the majority of cases, a mathematical model is the only available tool for rapid computation of the spilled oil
fate, and for simulation of the various clean-up operations. Two major processes transport oil spilled on water:
spreading and advection. For small spills (<100 barrels), the spreading process is complete within the first hour
of the release. Winds, currents, and large-scale turbulence (mixing) are advection mechanisms that can transport
oil at great distances.

In general, the oil movement can be estimated as the vector sum of the wind drift (using 3% of the wind speed),
the surface current, spreading and larger-scale turbulence (diffusion).
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Fig 2: Oil Movement

The governing equation for oil spread on the water in radial coordinate (r), is derived by taking an elemental
volume of oil.

(Rate of mass input) — (Rate of mass Output) + (Rate of production from Source) = (Rate of production from
source)
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2.1.1 Convective Movement

Fig 3: Convective Radial Movement
Rate of Mass Input of oil spill = velocity x area x concentration

The velocity of water current in the radial direction=U ,, ; Area of circle (atr) = Am? |, ; Concentration
(at I') = C'AO ‘r
~.Rate of Mass Input= U, .472>C ,, |, (D

Rate of mass output of the spill = velocity X area x concentration ; Velocity of water current in radial

direction =U ,; ; Area of circle (at r+dr) = 47 ? |,.s 5 Concentration (atr+dr) =C, | .

~.Rate of Mass Output = U ,,.4m°C |, (2)
2.1.2  Diffusive Movement
. ) oc
Rate of Mass Input = area x flux;  Area or circle = dmre Flux = N 4= —Da—
r
oc oc
Rate of mass input = —D— | 4’ |.= —4m*D— |, (3)
or or
oc oc
Rate of mass output = —Da |r+dr A’ |r+dr = —4727”2D5 |r+dr @)
Rate of Mass Input for Convection and Diffusion
. 2 N
Rate of mass input = UAO.47ZT CAO ‘r A Da— |r (5)
r
Rate of Mass Output for Convection and Diffusion
5 , - Oc
Rate of mass output = UA1 A CA1 IHdr — 4 Da |r+dr (6)
Rate of Production from source
Rate of production = R , x A dr ; Source term = R, @)
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Rate of Accumulation

oc

Rate of Accumulation = Volume x rate of concentration = 47> dr x 6_ (®)
¢

Combining equations 5, 6, 7, 8

0
U o4m°C |, _4727"2D@ |rj|_|:UAl'47ZT2CAl v ~4m*D - ’r+dri|
or or

+R, x4m dr = 47zr2dr><% )

oc oc
|:UA0CAO |r _Da L} I:UAICAI |r+dr -D |r+dr:| 0
r C
+R

or
- == (10)
or or ot

limdr — 0
oc d oc
—=—|U,C,-D— |+R 11
8tdi[AA 81/}/1 an
Similarly;
oh d oh
—=—|Uh,-D,— |+R 12
ot dr[ 4 8}*} (12

o)
D, =gh’(p-py) =~ (13)

of
Boundary Conditions

oC
aCA:O at =0 at the centre ; 4 -0 atr=R
or or

2.2 Numerical Solution
2.2.1  Computational Techniques
Using the Governing Equation 11
oc d oc oc oC o’c
~—=-"luc,-D=|+R, ; L_-y T4 _pCir 14
ot dl[ A ar} 4 ot * or or’ 8 (9

In the presence of strong currents, the mass transport phenomenon becomes advection-dominant, which increases
the requirement for the accuracy of a numerical scheme to be applied for the integration of the transports Equation
14. To decrease the numerical diffusion (approximation error) below the physical one, the accuracy of
approximation of the advection terms. Development of a high-order numerical scheme for advection terms can be
illustrated as follows:

Assuming the diffusion term is Zero
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R, =0 (Since the source is instantaneous)

@=U aC,
oo " or

2.2.2  Explicit Method of Finite Difference

(15)

N

e

|
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Fig 4: Subdivision of the r-t domain into intervals of Ar and At for finite—difference representation of the one-
dimensional, time-dependent fluid advection equation.

Then, the concentration Cf[r, t] at a location r and a time t is denoted by the symbol C
C[r,t] = CliAr,nAt] = C; (16)

Various derivatives appearing in the above fluid convection equation are approximated as above.

The first derivative of concentration with respect to the time variable (t) at a position (iAr) and at a time (nAt) is

represented by;
oc cr-cr
— = (17)
ot At
The first derivative of concentration with respect to the radius (r) at a position (nAx) and at a time (iAt) is
represented by;
ac Ci+1 _ Ci
T (18)
or Ar
Substituting equations 3.18 and 3.17 into equation 3.15
The finite difference form of the time-dependent fluid-convection equations becomes:
C_n+l _ Cn Ci+l _ Ci
1 1 — UA n n (19)
At Ar
: ) At ; At
CiH1 -C'=U, —C;H -C ; ..a=U,— =Courant Number (20)
Ar Ar
Cin+1 _Cin — alC;;+] _C:IJ : Cin+] — Cin +alC;+l _C;J (21)
23 Computational Technique

2.3.1  The oil spreading Law

Gravity, inertia, viscosity and surface tension forces cause the horizontal expansion of an oil slick (i.e. spreading).
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Oil spreading Radius (OSR) = Gravity inertia + Viscosity + Surface tension force. Using experimental evidence,
Lehr ef al.(2003) suggested that an oil slick spreads as an ellipse according to the following:

A4, = %x R_. xRmin (22)
ok

k. :1.7{M} phkh )
P

R =R.. +0.03U"" 24)

Using the modified Fay-type spreading equation considering the influence of wind

% %
A
A:229OA—p V%+40 —pVUW t s Ap=p-p, (25)
Po Po

Simulation Data (Lehr ef al., 2003)

The following data were used to simulate the model: V= 600m>, Uy=10m/5,20m/ s, 0 =1000kg / m’,
P, =840kg /m*, E=2m/s*, u=0.02m/s, Z =1.5m, f =0.02kg/m’sand C,. =1x10"*

3.  RESULTS AND DISCUSSION
3.1 Simulation of area of spreading with time using Matlab

It was observed from the graph (Figure 5&6) that rate of spread of the oil spill increases with time covering more
areas. The rate of spreading was greatly influenced by the meteorological condition of the water body. At a wind
speed of 10 m/s, the oil spread to an area of 40 m? within 300 seconds. At a wind speed of 20 m/s, the rate of
spreading is almost double.

A simple 2Dplot vith spreacing of ol sl vith time m ‘A simgle 20plct ol sl gaph

Fig5: Plot of Area of spill against time Fig 6: 2D Plot of oil spill Area against Time
3.2 Simulation of volumetric concentration of oil per area of spread

The graph (Figure 7) shows the volumetric concentration of oil per area of spread. it can be deduced that the
concentration of the oil spill on the water surface per surface area of spread decreases as the area increases. The
concentration of the spilled oil per unit area at an area of 100m? reduced from 0.06432 to 0.01114 kg/ m* at 200
m?. This is due to the effect of other weathering processes like evaporation, emulsification, dispersion and other
oil fate processes that occur when the oil enters the water column.

69



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

A simple 2Dplot oil spill graph
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Fig 7: 2D Plot of Volumetric oil concentration against the Area of Spreading
3.3 Simulation of volumetric concentration of oil spill with time

From Figures 8a and b, it was observed that the concentration of oil spills decreases with time. This is due to the
fact that as the oil spread with time, the surface area of the oil increases thus leading to faster evaporation of the
light oil fraction and the entrainment of the rest component into the water column. Comparing the result of the
simulated data of the oil spill, it was observed that the modified oil spreading model gave a better simulation of
the spill situation with the inclusion of the wind speed.

A simple 2Dplot oil spill graph " A simple 2Dplat ol spill graph

ms\\
™

1 spill

Volumetic oil Con

C)) (b)

Fig 8: 2D Plot of Volumetric oil (a) and oil spill concentration (b) against time

A simple 2Dplot oil spill graph A simple 2Dplot oil spill graph
o
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Fig 9: 2D Plot of Volumetric oil concentration and Area of Spreading with time

4. CONCLUSION

An oil spreading model has been developed to predict the movement of surface oil slicks on water bodies. Using
this model, the area of spreading and concentration of the oil spill at different time intervals can be solved. With
the required simulation data input into the model, the simulation results show the process of oil slick movement
on the water surface. This model would help to develop proper contingency plans as well as assist in deciding the
best containment and recovery approach in case of a spill. Though the model can predict the concentration of oil
spill and the area of spread at different time intervals, the followings are recommended:

e The meteorological data of water bodies should be readily available for immediate simulation in case of
an oil spill

e Different oil spill models should be tested to discover the best that would simulate the accurate condition
of the oil spill

70



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

e Environmental consequences of the combating techniques application have to be carefully calculated
before the actual usage.
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ABSTRACT

This paper presents a perspective view into network performance achievement via quality of experience (QoE)
improvement of telecommunication service in Nigeria. Monitoring the quality of experience undergone by mobile
network operators (MNO) has become paramount for policy makers who need to ensure high quality levels to
limit customer annoyance due to quality dissatisfaction. The components of QoE and mechanisms of analyzing
and evaluating them are discussed. The paper also identifies the important key performance indicators (KPIs) for
QoE achievement. Telecom operators have recently faced the need for a crucial change from technical quality
requirements to user experience guarantees. An abstract framework for achieving end-to-end QoE provisioning is
proposed and described in detail in terms of its design, its constituents and their interactions, as well as the key
implementation challenges. An evaluation study serves as a proof of concept for this framework, and demonstrates
the potential benefits of implementing such a quality management scheme on top of current or future generations
of mobile cellular networks. The paper is concluded with recommendations on how to achieve and improve the
QoE in telecommunication service of the Nigeria.

Keywords — Quality of Experience (QoE), key performance indicator (KPI), Mobile network operator (MNO,).
1.0 INTRODUCTION

Over 75% of all mobile network traffic will be exhausted and generated by smartphones by 2019(Cisco online,
2020). As such there is an ever-growing interest from mobile network operators to better understand and assess
the performance of their networks as viewed by end-users directly. The wide usage of internet based services has
been traced down to the emergence of high-speed mobile network situated on Universal Mobile
Telecommunication Systems (UMTS), Long Term Evolution (LTE) and other telecommunications standards.
Equally, the availability of higher data transmission speed (throughput) enables mobile internet users to go beyond
internet surfing, by enabling services such as file transfer, file download, video streaming and voice over internet
protocol (VOIP). However, the Mobile network operators (MNOs) tend to limit the existing data-rate achievable
by the users because of the high cost involved in acquiring spectrum (Tsiaras, et al, 2011). At the same time, the
increase in the rate of subscribers have enhanced competitive advantage and provision of affordable services,
thereby imposing additional challenge on the MNOs in providing a satisfactory level of service performance to
the mobile internet users (Ibarrola et al, 2011), (Shaikh et al, 2010). Specifically, mobile networks are vulnerable
to channel availability (such as decreased channel availability) that dynamically changes overtime because of the
local congestion, which often result into compromising the user session (Goleva et al, 2012). The stated instances,
increase in limited data rate and local congestion can seriously have impact on network telecommunication service
experienced by users. Quality of experience is used in achieving evaluation of telecommunication service because
it gives customers and service providers a comprehensive understanding of how users experience the service.
Quality of experience metrics allow service providers to identify areas that require improvement and take action
to ensure the highest levels of customer satisfaction. Quality of experience metrics also provides valuable insights
into customer trends, behaviors, and preferences that can be used to optimize services and improve the customer
experience. Quality of service (QoS) focuses on technical performance metrics such as network latency and packet
loss, while quality of experience (QoE) focuses on the subjective experience of customers such as how satisfied
they are with the service and how easy it was to use. QoS measures the technical performance of the service, while
QoE measures the customer experience of the service. QoS is typically measured by service providers, while QoE
is usually measured by customers. Both customers and service providers benefit from QoE evaluation of
telecommunication service. Customers benefit from improved service experiences, as service providers use QoE
data to identify areas for improvement and optimize services. Service providers benefit from greater customer
satisfaction, as well as insights into customer trends and behaviors that can be used to target campaigns and
services more effectively. In this paper we look at ways to achieve QoE in telecommunication networks.
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1.1 QoE Measurement for Analysis on Telecommunications Network

Barakovic et al, (2013) defined QoE “as the degree of delight or annoyance of the user of an application or service.
It results from the fulfillment of his or her expectations with respect to the utility and / or enjoyment of the
application or service in the light of the user’s personality and current state.” QoE definition connects user
perception, expectations, experience of the service application and network operators. User perceived QoE is often
affected by varieties of influence factors. QoE influence factors are the characteristics of the service provided by
the MNOs such as system (throughput, delay, jitter, loss, and security), human (gender, age, background, and
education) and context (location, movement, time of the day costs and subscription type) influence factors
(LeCallet et al, 2012). Quantified QoE influence factors allow the estimations of QoE as perceived by the users
(Barakovic et al, 2013). The most studied QoE influence factor is the system factors constituting the Quality of
service (QoS) parameters (throughput, loss, bandwidth, delay, and jitter). Because some parameters like
bandwidth can be adjusted to increase the end user’s satisfaction (Alreshoodi et al, 2013). While there exist many
studies that examined throughput measurement for wireless applications for web traffic (Ruged; et al, 2014),
(Singh et al, 2013), few studies used user experience measurements obtained from the mobile network traffic, as
most studies focus on collecting basic network information and performance data in a laboratory experiments
through the desktop applications. Measurements obtained from the desktop in laboratory experiment are less
useful because of the fixed contextual factor. Therefore, it is imperative to examine specific service-related
throughput in mobile network traffic in relation to expectations, mobility (location and time), and different
services like file transfer protocol (FTP) and Hypertext Transfer Protocol (HTTP). It is therefore imperative to
take QoE measurement from the mobile network traffic to understand the experience of the user from both the
network and user’s perspectives. Although crowd sourced data could also be used in measuring the extent of a
user’s experience as to services provided by MNOs. The data gotten from the users are then collated, analyzed
and interpreted in order to get a better first-hand comparative report as to MNPs service and how well to suggest
improvement to services rendered.

There are mainly two types of perceived QoE measurements, - subjective and objective measurements. The
subjective measurements are based on customer perception of the services delivered to the customers, while
objective measurement is the means of estimating subjective quality solely from the measurement obtained from
the network traffic (Barakovic et al, 2013). The subjective measurement is the standard and most reliable way of
assessing the QoE. Subjective measurement has been used in several studies to analyze the mean opinion score
(MOS) in the form of numeric value ranging from 1 to 5 (from poor to excellent) (Singh et al, 2013). The limitation
of subjective measurement is time consuming, expensive, lacks repeatability and not effective in real-time
(Alreshoodi et al, 2013). In contrast to the subjective measurement like a survey measurement, mostly conducted
in a laboratory experiment, objective measurement aims at predicting the subjective assessment methods based
on the estimated MOS. Objective measurement requires a meaningful mapping function into the predicted
subjective measurement (Shaikh et al, 2010). Objective measurement is a preferred measurement tool for
analyzing network service because of its ability to be implemented and be embedded into the network using
software applications and the capability to allow researchers model the relationship between the expectation and
perceived influence factors to determine the MOS (i.e. perceived QoE) (Apajalahti et al, 2018).
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FIGURE 1: Classification of QoE modeling approaches (Dimitris et al, 2017)
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1.2 KPI/QoE Metrics in Telecommunication Network

An increasing number of new network based application are entering the market and each application causes
difference in performance objective. Application often evaluates the success of their objectives using KPI and
QoE metrics. KPI and QoE metrics help application in telecommunications network to determine how effectively
the application is achieving its performance objectives. The network as a driving force of such application plays
avital role in the end-to-end performance of application. Therefore, the performance of application highly depends
on how well the network understands and serves the application requirement. The table below shows the
performance metrics of the select KPI for QoE as against other methods of QoS. Some characteristic parameters
were taken into account to better narrow down the test and also evaluate results.

A possible framework for achieving end-to-end QoE provisioning in telecommunication service would include
the following elements:

1. Quality of Service (QoS): to ensure that the data is delivered with the required quality, the network needs to
have adequate capacity and be able to manage traffic in an efficient manner. This would include ensuring
adequate bandwidth and latency, as well as ensuring that traffic is properly routed and prioritized.

2. End-to-end Monitoring: to ensure that QoE is met, the network needs to be monitored for any performance
issues or disruptions. This could be done through the use of monitoring tools such as packet sniffers, network
probes, and application performance monitors.

3. Service Level Agreements (SLAs): to ensure that the QoE is maintained, SLAs should be established between
the service provider and its customers. These SLAs should specify the expected performance levels, as well
as any penalties or rewards that will be imposed if these performance levels are not met.

4. Automated Fault Detection and Resolution: to ensure that any performance issues are identified and addressed
quickly, the network should have automated tools for fault detection and resolution. These tools should be
able to detect any performance issues, alert the service provider, and then automatically take corrective action
to resolve the problem.

5. Customer Feedback: finally, customer feedback is essential for ensuring that the QoE is being maintained.
This can be done through surveys, feedback forms, and other customer feedback mechanisms. This feedback
can then be used to further refine and improve the service.

Table 1: QoE KPI evaluation matrices as against others

Performance Drive Test Using Data Centers Crowdsourced

Characteristics Applications

Required equipment Special test phones, RF Special hardware and Smart phones
scanners additional server

Cost availability Expensive and hardware ~ Very expensive and App is free

Target users

Measurement level

Measurement Size

Position accuracy
Traffic Overhead

Requires human
intervention
Scalability

are not readily available
Team of network
specialist

Radio level
measurement, service
level measurements

Measurements are only
during the test drive

GPS, current cell

Little or no overhead
traffic

Trained users required
(active)

Reduced, more drive test
requires more
specialized equipment

requires permission
Usually used by
academicians

Radio level
measurement, service
level measurements

Measurements are only
for a certain period

Current cell
High overhead

Yes

Difficult, technology
dependent

Anyone that installs the
application

Radio level measurement,
service level measurements
and QoE (Quality of
Experience)
Measurements are
continuous

GPS, current cell
No overhead traffic

No (passive)

Handles all sizes of traffic/
measurements
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2.0 PROBLEM STATEMENT

The problem of achieving quality of experience in telecommunication networks is a significant challenge faced
by network operators and service providers. Despite advances in technology, network congestion, latency, and
other factors can negatively impact the perceived quality of service by the user. This can lead to dissatisfaction,
increased churn, and reduced revenue for service providers. Additionally, ensuring consistent quality of
experience across different devices, applications, and locations presents a complex challenge. The problem
requires careful consideration of factors such as network architecture, resource allocation, and user behavior to
ensure that users receive high-quality service and have a positive experience with the network (Calle et al, 2015)

3.0 RELATED WORKS

A lot of study has been conducted on the subject of QoE in relation to telecommunication service, according to
Timothy et al (2017) on service quality and customer satisfaction in Nigerian mobile telephony, The Nigerian
Telecommunication industry has developed to be very competitive, as different Telecommunication companies
jostle for the attention of subscribers. One of the key challenges confronting these Telecommunication companies
is how they manage their service quality, which holds a great deal to customer satisfaction. Service quality and
customer satisfaction are very essential in maintaining customer loyalty. Quality of Experience (QoE) in emerging
mobile social network by Mianxiong et al (2015), The paper comprehensively surveys recent advances in MSNs
and QoE issues addressed in various types of applications networks. From the lessons learned from the literature,
it was found that most of the research proposals are dedicated to specific applications, network models and service
scenarios. Regarding QoE monitoring studies in telecommunications network and mobile devices, there is an
assorted list of tools to measure network performance in order to achieve a satisfactory QoE; some examples are
MobiPerf (Xu et al, 2017), Mobilyzer (Kousias et al, 2017), Netalyzer (Apajalahti et al, 2018), in (Akpabio et al,
2020), (Fida et al, 2018) authors introduced YomoApp, an app to categorically monitor YouTube QoE related
characteristics in mobile phones. QoE Doctor measures mobile application QoE using active measurement at both
the application and network layers. While majority of the aforementioned only focused on QoE relevant objectives
metrics such as rebuffing, page load time and interaction latencies, they lack a direct reference to user feedback
e.g. mean opinion score (MOS). Where feedback is taken directly from real users and collects network
measurements to provide a holistic perspective to the problem of QoE monitoring in network telecommunication
and mobile network. This paper builds on past works on QoE achievement for telecommunications network in
smartphones.

4.0 CONCLUSION

In this paper we have addressed QoE assessment, evaluation and achievement in network telecommunication.
Also looking at how user end feedback can be exploited to achieve a desired and satisfactory QoE in mobile
telecommunication network. All-in-all, the assessment, evaluation and implementation of QoE to better
understand network telecommunication will provide future availability for other cellular users to have access to
better telecommunications network provided by mobile network operators. A frame work to achieve QoE in
telecommunications network was also discussed and looked into to enable achieving a desired QoE for better
network.
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ABSTRACT

Microgrid (MG) development has contributed to widespread connections among distributed generation (DG)
units. In this paper, a two-area MG system comprise of different micro sources was developed. The dynamic
nature of various renewable energy resources (RESs) wind power fluctuations, and changes in applied load are
the significant challenges faced in an islanded microgrid (IMG) frequency control. With respect to this, two-level
control technique-based load frequency control (LFC) was developed. The aim is to develop a control scheme that
maintains zero steady-state errors for deviation in frequency and inter-area power flow within the acceptable limits
in two-area IMG. The developed LFC was implemented using a PI controller at a lower level and a PID controller
at a high level. Each controller measures and solve the integral of time multiplied absolute error (ITAE) to compute
the optimal gain of the PI controller using the quasi-opposition Jaya algorithm (QOJAYA). At the same time, the
PID coordinates the activities of the two-area and provides reference signals to the lower-level controllers. The
feasibility of the developed scheme was verified through time-based simulations in MATLAB/Simulink
environment. Its performances were compared with the Improved Salp Swarm Algorithm Type II fuzzy PID
control scheme using settling time and maximum deviation as performance metrics.

KEYWORDS: Islanded microgrid, Microgrid, Load frequency control, Renewable energy Resources.

1. INTRODUCTION

Power energy is one of the key factors for any nation's growth and future prosperity, therefore, there is need to
balance power generation and power demand, keeping in mind economic, technical, and environmental reasons
for the choice of means of generation of electrical power. One of the major challenges of energy planners is to
decide whether the investment in today's energy infrastructure should be based on emerging technology (RESs)
or traditional fossil fuels. Renewable energy resources (RESs) are clean sources of energy that are increasingly
displacing “dirty” fossil fuels in the power sector (Bayindir ef al, 2014). The integration of RESs has considerably
increased in recent years largely due to its environmental and economic friendly. This gives the concept of
microgrid (MG) wider acceptability (Ravindra et al, 2014). It simply comprises distributed generators (DGs),
energy storage devices, and load confined within an area with a small geographical spanning (Kortz, 2017). An
MG can be operated in two modes: Islanded/off-grid mode and the grid-connected mode. Islanded microgrids
(IMGs) power systems (PS) provide access to electricity to the rural and remote areas and isolated islands. IMGs
differ from the central power grid, in structure, size, and functionality. IMGs consist of various RESs, like Wind
and Photovoltaic (PV) which supply unstable power to MG. High penetration of RESs of inverter-based results
in low system inertia. The reduced inertia in the MG lead to an increase in the rate of change of frequency, which
may, in turn, lead to instability in the MG. Going by the factors mentioned above, IMG frequency control requires
an intelligent and efficient controller (Palizban and Kauhaniemi, 2015; and Li ef a/, 2018).

The frequency of a PS depend on the active power balance. As the frequency is a common factor throughout the
system, a change in active power demand at one point is reflected throughout the system by a change in frequency.
In the islanded mode of operation, generation (having an intermittent source) and loads (demand-based) are
varying continuously, so frequency control plays an important role in system stability (Li et al, 2018). Frequency
control remains one of the most important issues in the power system. Future power systems need more robust
and optimal LFC approaches that can handle new challenges posed by modern PS. By considering the
aforementioned factors, IMG frequency control requires an intelligent and efficient controller (Palizban and
Kauhaniemi, 2015).

To study the dynamic response of IMG against the change in load or source power various mathematical models
of IMG have been reported in the literature. The designed of an optimal quasi-oppositional harmony search
algorithm (QOHSA) based on a load frequency controller was discussed in (Shankar and Mukherjee, 2016),
Kayalvizhi and Kumar, (2017) proposed a new centralized fuzzy adaptive MPC for LFC of an IMG, an intelligent
ABC-Based terminal sliding mode controller for load-frequency control of islanded micro-grids was presented in
(Bagheri ef a/,2020), in (Han et al, 2015), for load frequency in an autonomous MG, a p-based robust controller
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was proposed. Load frequency control method using PSO-based ANN control was presented in (Safari et al.
2018), an improved-salp swarm optimization (I-SSO) for LFC in IMG was discussed in (Prakash et al, 2018).
However, the control strategies gave a good dynamic response, but they depend on the designer’s experience. The
aim of this paper is to develop a two-level supervisory load frequency control scheme for maintaining both
frequency and tie-line power to their nominal values under different uncertainties. The two level control (i.e.,
lower level PI and higher level PID) controller is proposed to create necessary IMG control mechanism. The
different gain parameters of proposed controllers are optimized by using Quasi-Oppositional JAYA (QO-JAYA)
algorithm and finally to justify the supremacy of proposed two level control scheme its performances were
compared with type-II fuzzy controller optimized using ISSO.

2 DESCRIPTION OF THE PROPOSED MODEL

For this study, the structure of IMG considered comprises of RESs like wind and PV source, storage sources like
battery and flywheel and auxiliary sources like diesel engine generator (DEG), fuel cell (FC) and a micro-turbine
(MT). The output of RESs is uncontrolled since it is weather dependent and highly stochastic in nature so there is
a need for such controlled sources. These controlled sources i.e. MT, DEG, FC play an important role to stabilize
the system when RESs’ power is down to continuously supply the load demand. These controlled sources need
some definite time to respond and feed the IMG, hence there is a need for such a source that can support the grid
until the controlled sources are on. To fulfill this requirement, the storage system is applied which is charging
during the normal case (power supply is equal to or more than demand). As soon as there is more demand than
supply then storage sources immediately get activated for a shorter period and provide a huge amount of power
to balance the demand and supply. The general schematic of the IMG is shown in Figure 1 which shows that
distributed resources are integrated to ac bus through power converters.

I r
l

= HooE H-E -
. e

e

H

Figure 1: Configuration of a Two-area IMG system

The transfer function expression for the individual system is as shown in equation 1 to 8 (Prakash et al., 2018):
1

Wind turbine generator (Gwr (s)) = TosT )
wT
where Twr is the time constant of the wind turbine
Photo Voltaic (PV) (Grv(s)) = — @)
1+STPV
where Tpv is the time constant of the PV
Microturbine (Gmr(s)) = ST 3)
where Twmr is the time constant of the MT
Diesel Generator (Gpa(s)) = TrsTos 4)
where Tpg is the time constant of the DG
1
Fuel Cell (Grc(s)) = ST %)
where Trc is the time constant of the FC
Flywheel Energy Storage (Gres(s)) = 6)

1+STFE5
where Tres 1s the time constant of the FES
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Battery Energy Storage (Gges(s)) = @)
1+STgEs

where Tges is the time constant of the BES

The total power generation in each area of the MG system is

Ptotat = PpG + Pmr + Prc + Pwr + Ppv & PrEs + Pres (8)

2.1 Control Topology

In an interconnected (PS) with two or more interconnected control areas (CAs), the generation within each area
must be controlled to maintain the load demand with that CA and schedule power interchange with its neighboring
CAs. In the LFC problem, each area has its generator or coherent group of generators responsible for a generation.
The tie-lines are the utilities through which the contracted and uncontracted (in abnormal conditions) energy
exchange between the CAs is provided. In two areas islanding MG, the communication system is required to
provide a means to exchange data and monitor various elements for control and protection purposes. In centralized
control, a central controller (CC) acts as an interface between all the CAs and the distributed management system.
Central control collects data and determines controlling actions for all units. Extensive communication and
computation are required in centralized control, this requirement makes the centralized control infeasible (Singh
et al,2019). In decentralized control, each unit has a local controller (LC). The units are controlled independently
by their LC because decentralized control assumes that the communication between subsystems is negligible. The
controller does not rely on control of other controller’s action. To achieve reliable and efficient control
decentralized approach a strong coupling between the system units is required (Badal et al, 2019). As a result of
the above situations, a two-level optimal coordination control method for the LFC of the multi-area IMG 1is
preferred over the convention methods for load frequency control due to their computational efficiencies, solution
accuracies, and improved reliability. Two-level load frequency control scheme, the lower control level comprised
of proportional-integral (PI) to regulate each of the micro-source to control the MG’s frequency and inter-MG
power exchanges. At the higher control level, a proportional-integral-derivate (PID) will be applied in each MG
as a supervisory controller to determine the set-points for the decentralized PI controllers in the lower layer. The
control scheme is proposed to have the capability of switching from the two-level supervisory LFC to a
decentralized LFC (i.e. comprising of only the local PIs) when the PIDs in the higher level (or communication
between them) failed.

3 METHODOLOGY
The objective function for the two-level LFC problem are formulated as follows:
3.1 Formulation of Two-Level based LFC Objective Function

The lower control level comprises of proportional-integral (PI) to regulate each of the micro-source to control the
MG’s frequency and higher level comprises of PID controller to supervised the control activities of the two CAs.
The Integral of Time multiplied Absolute Error (ITAE) criteria is used as the objective function for both the two
control level as expressed in equation 9 and 10 respectively.

Jic =ITAE =min [, ACE; = [, BAf 9)
Where B denotes the biasing factor and Af is the frequency deviation in p.u.
Jnc =ITAE =[ ACE, for i= 1,2 (10)

ACE{ = BAf + APy,
where AP,;,; change in tie-line power between the ith area and the other area.
While minimizing ITAE the following constraints are need to be maintained
i.  Load-generation balance as equality constraint as expressed in equation (11)

Y Pgi =X Pp; + P{(t) (11)
il. Frequency band: the frequency is constrained within the certain upper and lower band as;
s fis (12)

iii. Controller gains constraints: the controller proportional, integral, and derivate gains are constrained with
some upper and lower limits for practical considerations, as shown in (13-15);
K;nim S Kp[ S Piax
(13)
Ki™ < Ky < Kii™

(14)

min max
KDi < KDi < KDi

(15)
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32 Quasi-Oppositional Jaya (QO-JAYA) Algorithm

QO-Jaya algorithm is developed for solving multi-objective optimization problems (Rao et al. 2017). In the QO-
Jaya algorithm, the task of finding the best and worst solutions is accomplished by comparing the rank assigned
to the solutions based on the non-dominance concept and the crowding distance value.

In the beginning, an initial population is randomly generated with a P number of solutions. Then a quasi-opposite
population is generated which is combined with the initial population. This combined population is then sorted
and ranked based on the non-dominance concept and the crowding distance value is computed for each solution.
The quasi-opposite population is generated using equation (16).

Xg. = rand(a, b) (16)
a= % (17)

Where L and U are the lower and upper bound of the variable; X Z is the quasi-opposite value of X;;.

Then P best solutions are selected from the combined population-based on rank and crowding distance. Further,
the solutions are modified according to equation (19).

AG+1,j,k) = AG,j, k) + (i, j, D(AG, j, b) — |AG, j, k) —r(1,),2)(AG, j,w) — |AG, j, k)] (19)

Here b and w represent the index of the best and worst solutions among the current population. i, j, k are the index
of iteration, variable, and candidate solution.
A(l, j, k) means the jth variable of kth candidate solution in an ith iteration. (i, j, 1) and (i, j, 2) are numbers
generated randomly in the range of [0, 1]. The random numbers 1(i, j, 1) and (i, j, 2) act as scaling factors and
ensure good diversification.
For this purpose, the best and worst solutions are to be identified. The solution with the highest rank (rank = 1) is
selected as the best solution. The solution with the lowest rank is selected as the worst solution. The number of
function evaluations required by the MOQO-Jaya algorithm = population size * no. of generations for a single
simulation run.
1. Non-dominated Sorting of the Population
In this approach the population is sorted into several ranks (fronts) based on the dominance concept as follows: a
solution xi is said to dominate other solution x; if and only if solution xi is no worse than solution x; concerning
all the objectives and the solution x; is strictly better than solution x; in at least one objective. If any of the two
conditions are violated, then solution xi does not dominate solution x;. Among a set of solutions P, the non-
dominated solutions are those that are not dominated by any solution in the set P.
il. Constraint-Dominance Concept
A solution i is said to constrained-dominate a solution j, if any of the following conditions is true. Solution i is
feasible and solution j is not. Solutions i and j are both infeasible, but solution i has a smaller overall constraint
violation. Solutions i and j are feasible and solution i dominates Solution j.
iii. Crowding Distance Computation
The crowding distance is assigned to each solution in the population to estimate the density of solutions
surrounding a particular solution i. Thus, the average distance of two solutions on either side of solution i is
measured along each of the M objectives. This quantity is called the crowding distance (CD;).
Jj+1_gj—1
CD; = CD; + 2
m m )
where j is a solution in the sorted list, fm is the objective function value of mth objective, f7** and f7'™ are the
population-maximum and population-minimum values of the mth objective function.
1. Crowding-Comparison Operator
Crowding-comparison operator is used to identifying the superior solution among two solutions under
comparison, based on the two important attributes possessed by every individual i in the population i.e. non-
domination rank (Rank;) and crowding distance (CDj).
33 Algorithm for Optimal Tuning of PI and PID Controller Parameter Using QO-Jaya Algorithm

(20)

i Read input data i.e., frequency, active power generation limits of all controllable DGs, and constraints.
ii. Read algorithm parameters i.e. population size, maximum number of iterations, and declaration of both
upper bound and lower bound of variables.
iii. Generate quasi-opposite population using equation (16)
iv. Select good (P) solutions from initial population and quasi-opposite
V. Perform greedy selection to identify best and worst solutions in the selected population using equation
(20) and compute new solution using equation (19).
VI. If the new position is better than old.
Vil. Evaluate the objective function for the two control level
Viil. Repeat steps (iv) to (vii) until a convergence criterion is met.
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4. RESULTS AND DISCUSSION
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This section presents the two different analysis to validate the effectiveness of the proposed two-level control
scheme upon the type I fuzzy controller based ISSO. The time-domain simulation results are presented to show
the superiority of the developed scheme for the IMG system stability subjected to perturbation in APL and APW.
The study of frequency deviation by changing the load and wind power has been recorded.

Case 1: Time-domain simulation results for frequency deviation against load power deviation APL by type Il fuzzy

controller based ISSO and two-level control scheme

In this case, the solar irradiation and wind speed are considered constant and a random pattern load as shown in
Figure 2a is effected in the IMG at time t=0. In regard to this disturbance, the deviated responses of frequency
and tie-line power resulted due to the two-level controller is depicted in this section. The deviation in frequency
of areal and area2 due to QO-Jaya optimized controllers are shown in Figure 2 (b-c) respectively. The tie-line

power deviation is given in Figure 2 (d).
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In this case, the wind turbine is considered as white noise since the environmental fluctuations are continuous and
unstable. Figure 3a shows the wind power perturbation and Figure 3(b-c) represents the MG output frequency
response by comparing the proposed controllers. The tie-line power deviation is given in Figure 3 (d).
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The critical analysis on dynamic responses and Table.1 reveals that, the proposed control scheme outperformed
the ISSA tuned type-II fuzzy PID controller.

Table 1: Summary of two area IMG Response Following RLP with ISSA-Type II Fuzzy PID and Proposed

Controller
States Controller Performance
Settling time (sec) Improvement Maximum Improvement
deviation

f1 (Hz)  Proposed Control 4.79 29.556% -0.0007 30%
ISSA 6.80 -0.001

f2(Hz)  Proposed Control 4.63802 25.161% 0.00 0%
ISSA 6.20 0.00

DPtie Proposed Control 5.18 19.32% 0.00018 21.74%
ISSA 6.42 0.00023

ITAE Proposed Control 8.2523 6.367%

ISSA 8.8312

The dynamic responses has been depicted through different conditions reveal that proposed control
scheme exhibits more effectiveness over ISSA optimized type-II fuzzy PID controller. Overall critical
discussions on this section reveal that proposed control scheme exhibits superior performance in regard
to LFC study of an islanded multi-area interconnected MG system.

5. CONCLUSION

In this work, a two level control scheme is proposed for the comprehensive LFC analysis of a multi-area
multisource interconnected islanded microgrid system. The developed control schemes are meant to enable both
centralization and decentralization of power system. The proposed controller simulation outcomes are compared
with the Type II fuzzy PID control scheme under different scenarios. From the simulation outcomes of all
scenarios, the proposed controller exhibits a better dynamic performance in terms of fast settling time, overshoot
reduction and less frequency deviation error over Type Il fuzzy PID controller.
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APPENDICES

Di = damping coefficient ith area = 0,012 (pu/Hz); Mi = Inertia constant of ith area = 0.2 (pu/s); i= 1,2; TFC =
Fuel Cell time constant = 4s; TBES = Battery energy time constant = 0.1s; TFES = Flywheel energy storage time
constant =0.1s; TDEG = Diesel engine generator time constant = 2s; TMT = Microturbine time constant = 2s;
TWTG = Wind turbine generator time constant = 1.5s; TPV = Photo Voltaic cell time constant = 1.8s. B =
Frequency biasing factor = 0.425 pu MW /Hz. ; R = Regulation =0.05 Hz/Mw; T12 = Time coefficient=1.6 s.
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ABSTRACT The rapid growth in the wind power market among other Renewable energy sources (RES) is
attracting the attention of scientists and researchers because the integration of Wind Turbine Systems (WTs) with
the grid to complement the conventional sources in meeting up with global electrical energy demand is becoming
a challenging task. The Doubly Fed Induction Generator (DFIG) has become very popular due to its low converter
rating and flexible control of its active and reactive power, higher power quality, and better dynamic performance.
Consequently, protecting the DFIG-based WTs from grid faults turn out to be indispensable. In this study, a 2
MW grid-connected DFIG-based WT model with a Hybrid scheme for Fault Ride-Through (FRT) capability and
stability improvement was developed. The design and simulation were performed in MATLAB/Simulink
(R2019b) software. The test system was subjected to disturbances leading to High Voltage Ride — Through
(HVRT) by applying three—phase balanced fault without any compensation device than with conventional R-type
SSFCL and finally with the Hybrid scheme. The performance of the Hybrid scheme shows fault current limitation
and voltage compensation improvement over the R-type SSFCL. The THD of supply voltages with the Hybrid
scheme is lower than 5%. This indicates that the Hybrid scheme complied with IEEE519 for harmonics content
in power supplies.

KEYWORDS: DFIG, DC Chopper, Energy Storage, Fault current limiter (FCL), Fault Ride-Through, R-type
SFCL,

1. INTRODUCTION

Wind energy amid several sustainable renewable energy sources (RES) that include hydro, solar (photovoltaic),
tidal, biomass and geothermal, has become the most widespread energy source as a result of its cheap cost of
maintenance, high production ability, availability in numerous parts of the world and absence of air pollution.
Also, wind power is an intermittent energy source in the power system network but with this effect over 666GW
of power would be generated worldwide using wind energy source in 2019 (Hossain, 2018). Electrical energy
generation using Wind Turbine (WT) is accomplished by means of different configurations of induction or
synchronous generators in connection with power electronic devices (Gardner et al., 2012). The most commonly
used generator for wind turbine system are: Squirrel Cage Induction Generation (SCIG); Permanent Magnet
Synchronous Generator (PMSG); Brushless Doubly Fed Induction Generator (BDIG; and Doubly Fed Induction
Generator (DFIG). The DFIG becomes the most preferable for WT system owing to its merits which include
reduced mechanical stress, pliable control of active and reactive power, variable speed operation, and low power
rating of the connected power electronics converters (Amalorpavaraj et al., 2017). Conversely, one of the main
drawback of the grid-connected DFIG-based WT is that it is very difficult to improve the performance of the
DFIG via weakening the flux due to the fact that the stator of the DFIG is connected directly to the grid where the
grid voltage directly controls the stator flux as such, a current surge is produced in rotor side converter (RSC) due
to sudden change in machine magnetization caused by any voltage dip (Zhu et al., 2017). As a result of the large
share of WT in supplying electric power to the grid and maintaining the overall system reliability, most countries
necessitated that DFIG-based WT systems remain coupled to the grid in case of fault for certain period so as to
satisfy condition of grid code (Fault Ride Through) (Xiao et al., 2018). Grid code states that wind farms must
remain coupled to the grid for a certain period of time during fault and offer reactive power support to voltage dip
(Alaraifi et al., 2013). Strictly, wind farm should adhere to the grid code since its disconnection leads to
destabilization of the grid. The sensitivity of DFIG-based WT system due to the direct connection of its stator
with the grid and the impact of fault current on the rotor, lead to large rotor current to be developed. The large
current inrush in the rotor side causes the failure of the rotor side converter (RSC), destabilizes the DC-link voltage
and DFIG eventually loses control (Uddin et al., 2017). The destabilized DC-link voltage decreases the life span
of DC-link capacitor and reduces the efficiency of the converters (Amalorpavaraj et al., 2017).
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Control improvement and hardware modification are the two existing method of enhancing the FRT (Xiao ef al.,
2018). Some techniques have been developed to minimize the overcurrent through grid fault or Transient stability
(TS) of wind turbine by modelling grid side converter (GSC) or RSC control such as dual control and
demagnetizing current control techniques (Alaraifi et al., 2013; Xiao et al., 2018).

Conventional crowbar is one of the hardware solutions that has been used to divert the overcurrent to power
dissipated resistive circuit from RSC (Tohidi & Behnam, 2016; Uddin et al., 2017). Even though the current is
diverted from converter using this method, but the generator acts as an induction machine that takes reactive
power from the grid (Uddin et al., 2017). The DC chopper strategy is also commonly used to decrease the rotor
overcurrent and to decrease the DC-link overvoltage for improving the operational safety of WT (Xiao et al.,
2018). Conversely, this techniques is unable to arrest the oscillation of electromagnetic torque which might be
destructive to the gearbox in some exciting situations (Nataraj et al., 2018; Yasoda et al., 2016).

DC chopper associated with storage system is implemented to prevent overvoltage in DC-link capacitor (Abbey
& Joos, 2007; Uddin et al., 2017). A resistive type solid state fault current limiter (R-type SSFCL) is also used to
enhance the capability of DFIG in FRT by withstanding fault up to a small duration but its limitation transpires
during long duration faults (Dai ef al., 2016; Uddin et al., 2017). Temporarily, R-type SSFCL scheme can only
decrease the peak value of rotor fault current, but it doesn’t have capability to remove the back EMF in rotor
windings which is induced from transient stator flux and lead to a stator frequency plus rotor harmonics in rotor
windings (Zou et al., 2016).

In order to decrease the negative impact of varying wind speed to DFIG output active power, shorten the recovery
time after grid fault, limit the short-circuit current during faults and improve the transient stability of the system
simultaneously, this paper implements a hybrid scheme which composes of R-type SSFCL, Energy Storage
System (ESS) and DC chopper (DC-C) with modified control of RSC. The advantages of different schemes are
combined to achieve a better response. The hybrid scheme aimed to have the ability of protecting RSC and DC-
link capacitor by limiting the fault current and damp out the transients quickly. The scheme is also intended to
smooth electromagnetic torque by reducing the mechanical stress on the WT.

2. THEORETICAL ANALYSIS
2.1 Concept of Doubly Fed Induction Generator DFIG

The DFIG is basically a wound rotor induction machine in which both stator and rotor are connected to
electrical sources — thus the term ‘doubly fed’. The dynamic model, operation and control of DFIG are discussed
below.

Model of DFIG

The dynamic model of DFIG is fundamentally based on the general machine model in synchronous reference
frame and all the system parameters and variables in per unit (p.u) and referred to the stator side (Rahimi &
Parniani, 2010). Figure 1 shows the equivalent circuit of the DFIG in synchronous dq reference frame.
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Figure 1: Equivalent Circuit of DFIG (Alaraifi ef al., 2013)

The dq voltage, current and flux equations of the equivalent circuit of DFIG are as follows (Amalorpavaraj et
al., 2017):
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. da
Vas = Rglgs + d_?s — Welys
(1)
. daa
Vgs = Rslgs + —F + weAys
()
. da,
Var = erdr + d;:r - (we - wr)/lqr
3)
. daa
vqr = erqr + dzr + (we - a)r)/ldr
“4)

Where: vas and vqs are dq stator voltages, var and vqr are dq rotor voltages; ias and igs are dq stator currents, iar
and iqr are dq rotor currents; w, is the supply angular frequency and w, is the rotor angular frequency; Aas and
Aqgs are the dq stator flux linkages, Aar and Aqr are the dq rotor flux linkages. Rsand Ry are the stator and rotor
resistance respectively.

If L; and L, represent the stator and rotor inductance respectively, then the stator and rotor side inductances can
be obtained using:

Ly=Lis+ Ly
©)

Lr = Llr + Lm
(6)

Where: Lis and L are the stator and rotor leakage inductance respectively and Lm is the magnetizing inductance.

The flux linkage equations for both stator and rotor are given by

Ags = Lgigs + Liniqy

(7

Ags = Lsigs + Lnigr
®)

/ldr = Lmids + Lridr
9

Agr = Linigs + Lyig,
(10)

The real power (P;) and reactive power (Q) generated by DFIG are given by

P, = %(vqsiqs + vdsids)

(11)

3 . .
Qs = z (vqslds - vdslqs)
(12)

Operating Principle of DFIG

The operational analysis of DFIG in transient and steady state conditions is very significant to understanding its
performance under grid faults. The fault analysis is essential for the implementation of FRT capability
(Amalorpavaraj et al., 2017). It has been stated that the stator of DFIG is directly connected to the grid while its
rotor is connected to the grid through slip rings over a partial-scale back-to-back power converter. The back-to-
back converter composed of a RSC and GSC connected to a dc-link. The dc-link is basically a capacitor which
aids as energy storage and also serves as dc-link voltage ripples limiter. The converter converts within 20 — 30
% of total generated power. It also controls torque, speed and reactive power to or from the grid (Alsmadi et al.,
2018). The three-phase windings of the rotor are energized through three-phase current which is supplied via the
RSC. Consequently, the rotor magnetic field interacts with stator magnetic field to develop torque as a vector
product of the two vector fields (Fletcher ef al., 2010).
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Control of DFIG

The control of DFIG functions essentially to regulate the power extracted from the WT, limit the power during
high wind speed and to adjust the exchange of reactive power between the WT system and the grid. The control
involves pitch control for the turbine, RSC and GSC control for the DFIG (Wessels et al., 2011). The rotor
current controls the RSC which varies the torque and excitation while the GSC ensures constant dc-link voltage
(Uddin et al., 2017). Figure 2 shows the control block diagram of DFIG. Many DFIGs deploy close-loop current
control using Voltage Source Inverter (VSI) or vector-control technique.
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Pitch Control
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Controller || Controller | Controller
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Figure 2: Control Block Diagram of DFIG-based Figure 2: Figure 3: Grid Code FRT Requirement for WTs

Uddin et al., 2017).
WT (Wessels et al., 2011) (Uddin et a )

Grid Codes and FRT Requirement of DFIG
The requirements are as follows:

1. WT must stay connected to the grid for certain time (determined by the system specifications);
2. Active power must be restored immediately after the fault clearance; and
3. WT must provide reactive power thereby supporting the grid voltage during the fault (Ambati et al.,
2015).
Figure 3 shows the grid code FRT requirement.

3. Methodology

The methodology adopted in this research towards developing a hybrid scheme comprising of BSFCL, DC
chopper and energy storage system for improving the fault ride through (FRT) and transient stability of grid
connected DFIG-based WTs are discussed.

3.1 Modelling of the DFIG — Based WT

The DFIG model used in this paper was accomplished using equation (1 - 12). The DFIG Simulink model is as
shown in Appendix B.

32 Modelling of the Grid

The DFIG — Based WT system integrated to the grid and its components were modelled as presented in Appendix
C. In the model, bus 1 with nominal voltage of 600V was connected to the terminals of the DFIG. The 63kV/600V
transformer was used to step up the voltage of the DFIG to a nominal grid voltage of 63kV for secondary
transmission.

The grid taken as a 25km transmission line block was modelled with a single PI section. The model comprises of
one set of RL series element connected between input and output terminals and two sets of shunt capacitances
lumped at both ends of the line. RLC components are calculated using hyperbolic modifications to yield precise
representations in zero and positive-sequence at specified frequencies. In order to achieve a stretched frequency
response, a distributed parameter line was used in the model.

33 Energy Storage System and DC — Link Capacitor

The ideal dc voltage source and the dc — link capacitor parameters are, a 5000V was taken as the maximum voltage
of the dc source with a 10Q series resistance and 10000e-6 as the capacitance of the dc — link capacitor with an
initial voltage of 1150V.

34 Fault Current Limiter (FCL)
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The Fault Current Limiter employed has a switch model controlled by a gate signal and a virtual impedance. When
in ON-state the switch model has an internal resistance (Ron). In OFF-state, this internal resistance is infinite.
When the gate signal (g) is set to 1, the switch model is ON-state. A diode in parallel with a series RC snubber
circuit having Ron and (Lon) at ON-state is also integrated. Ron being carefully chosen as 1 X 1073(Q and the
Snubber resistance as 103() were adopted from Beheshtaein et al., 2017 for both the controlled switch and diode
respectively. The Diode impedance was infinite in OFF-state mode. The limiting fault current is expressed as (13).
I (8) = 772~ 220

ZstZiim  Zim
(13)

Where: Z,;,,, is the limiting impedance, U (t) is the voltage of secondary transformer. It is assumed that Z; < Z;;p,.

A PI current controller and an active damping loop were realized to sense and trigger the control scheme. For
mitigation, the current measurements was accomplished using Multiple Second — Order Generalized integrators
PLL (MSOGI-PLL) for its fast response and less computational burden. Appendix D illustrates the employed FCL
block with its components.

4. RESULTS AND DISCUSSION

The performance of the Hybrid scheme and the conventional R-type SSFCL in ensuring FRT ability was
established by injecting grid faults (single-phase to ground faults) into the system. For fault considered in the
work, the situation of voltage sag was accomplished by means of switching a highly inductive load at 0.3 seconds
while the deeper voltage sag was achieved by means of a fault implementation block in MATLAB/Simulink
environment. The fault was chosen between any phase and the ground. The switching time was also chosen
between 0.4 to 0.6seconds while the fault resistance and ground resistance were both selected to be 0.0001€Q.
Additionally, a snubber resistance of 1M and infinite snubber capacitance were selected for a more severe fault
condition. Lastly, a capacitive load was switched ON at 0.6 seconds to give the voltage swell. The supply voltage
RMS values at PCC, the DFIG stator current response, DFIG electromagnetic torque, rotor speed of DFIG, DFIG
rotor current response, and DC — Link voltage through Unbalanced Fault (Single-Phase to Ground) are shown in

Figure 5-11 respectively.
2
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It can be observed that the proposed hybrid scheme performed well and has the capability to improve the transient
stability of the DFIG based variable speed WG system for unbalanced single-phase to ground faults as shown in
Table 1-4. The voltage level is maintained at +0.1 p.u. of the nominal value at PCC point and can mitigate the
high current significantly during the fault time compared to R-type SSFCL scheme. The hybrid scheme also,
stabilizes the machine speed during a fault, thus DFIG faces low stress and improves the transient stability. The
THD (%) of supply voltage are 29.93pu, 4.01pu and 1.01pu without any compensation device, with R-type SSFCL
and Hybrid scheme respectively. The percentage improvement in the voltage when Hybrid scheme was used was,
75.37% compared to that of R-type SSFCL. Correspondingly, the percentage decrease in output current profile
was approximated to about 87.20%.

Table 1: Performance indices values for unbalanced single-phase to ground fault

Indices values for Unbalanced 1LG

Index Parameters

No Control With R-type SSFCL With Hybrid Scheme
Voltage (pu) 2.10 0.92 0.92
Speed (pu) 1.18 1.20 1.21
Vac (V) 415 715 720

Table 2: Transient Stability Improvement for unbalanced single-phase to ground fault

Transient Criteria Improvement Comparison for Unbalance 1LG fault
With R-type SSFCL With Hybrid Scheme
Voltage High High
Speed Moderate High
Power Moderate High
DC link voltage High High

Table 3: Comparison among the series devices for the percentage of THD

Performance
Parameters Controller
THD (%) Improvement
Hybrid Scheme 1.01
Voltage 75.37%
R-type SSFCL 4.10
Table 4: Comparison among the series devices for the percentage TRD
Performance
Parameters Controller
TRD (%) Improvement
Hybrid Scheme 1.01
Current 87.20%
R-type SSFCL 7.89
5. CONCLUSION
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This paper developed a hybrid scheme consisting of Resistive-type Solid-state Fault Current Limiter (R-type
SSFCL), Breaking Chopper (BC) and Energy Storage System (ESS) for Doubly-Fed Induction Generator (DFIG)
based Wind Turbine (WT) system. The developed scheme focused on enhancing Fault Ride-Through (FRT)
capability of DFIG based WT through the Hybrid scheme thus protecting the strict grid code requirements for the
WT integration to grid networks. The scheme also guaranteed the protection of the converters against short-circuit
currents. The Hybrid scheme performance indicates that there was an improvement in terms of fault current
mitigation and voltage compensation over R-type SSFCL thus making the Hybrid scheme a better option for
guaranteeing an improved DFIG-based WT systems FRT capability.
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APPENDICES
Appendix A: Parameter of 2.0MW WT System

Items Specifications
Generator Data -
Synchronous speed (rev/min) 1500
Rated power (MW) 2.0
Rated line-to-line stator voltage (V;,5) 575
Frequency (Hz) 50
Pole pair 4
Slip (s) -0.2
R, (pu) 0.023
Lis(pu) 0.18
Lm(pu) 2 9
(- (pw) 0.16
Rotor nominal voltage (Vims) (V) 1975
Inertia Constant H (s) 0.685
Friction factor (pu) 0.01
Converter Data -
GSC Max. Current (pu) 0.8
GSC Coupling Inductor [L,R] (pu) [0.3 0.003]
DC link voltage (V) 1150
DC link Capacitor (F) 10000e-6
Line filter Capacitor (for Q = 50Var) (F)  120e3
Turbine Data -
Nominal Mechanical Output Power (MW) 2.0
Nominal wind speed at Cp Max (m/s) 11
Initial wind speed (m/s) 11
Cut in speed (m/s) 6
Cot out speed (m/s) 30
Appendix B: DFIG and Converters control parameters
Items Specifications
Dc link regulator gains [kp, ki] [8 400]
GSC regulator gains [kp, ki] [0.83 5]
Speed regulator gains [kp, ki] [3 0.6]
RSC regulator gains [kp, ki] [0.6 8]
Q&V regulator gains [kp Var, ki V] [0.05 20]
Pitch controller gain [kp] [150]
Pitch compensation gains [kp, ki] [3 30]

Frequency of GSC PWM carrier (Hz) 2700
Frequency of RSC PWM carrier (Hz) 1620
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Appendix C: DFIG-Based Wind Turbine Simulink Model
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D.N. Onwe ", A. 1. Bamgboye *

"Department of Agricultural and Food Engineering, Faculty of Engineering, University of Uyo, Nigeria.
2Department of Agricultural and Environmental Engineering, Faculty of Technology, University of Ibadan,
Nigeria.

*Email: davidonwe@uniuyo.edu.ng

ABSTRACT

Multiple applications of vegetable oil for food, industrial applications and biodiesel production have necessitated
the need to boost product yield. Process factors that influence oil and biodiesel yield were investigated. Factors
studied for oil extraction were, moisture content (%wb), roasting temperature (°C), roasting time (min), extraction
temperature (°C) and time (min). Reaction time (min), reaction temperature (°C), catalyst concentration (%wt)
and molar ratio were investigated for biodiesel yield. Central composite rotatable design of response surface
methodology experimental design was used for the study. Results obtained were analysed at (p =< 0.05). The oil
yield from the sandbox seed ranged from 20.9-53.6%. The maximum oil yield of 53.6% was obtained at the
processing conditions of 10.0%wb moisture content, 95 °C roasting temperature, 15 min roasting time, 65 °C
extraction temperature and 90 min extraction time. The biodiesel yield ranged from 80.00-96.12% and, maximum
biodiesel yield of 96.12% was extracted at 72.0 min reaction time, 50.0 °C reaction temperature, 0.9%wt catalyst
concentration and 1:6 molar ratio. Mathematical models to predict sandbox seed oil and biodiesel yields at varying
process conditions were developed. Coefficient of determination (R?) relating the oil extraction and biodiesel
production were 0.81 and 0.74, respectively. The results from the study provide data for equipment and process
designs for oil extraction and biodiesel production from sandbox and other oilseeds.

KEYWORDS: Hura crepitans, Oil extraction, oil yield, biodiesel production, biodiesel yield.

1. INTRODUCTION

Sandbox (Hura crepitans Linn.) is a dicotyledon tree of the (spurge) family Euphorbiaceae. It is a native tree of
the tropical zones of the Amazon rainforest of North and South America (Adewuyi et al., 2014). Sandbox seed
has been suggested to contain a high oil content in addition to a number of important properties that can be useful
for food and feed production, paints, and cosmetics amongst others industrial application and pharmaceutical
potentials (Olatidoye et al., 2010; Onwe and Bamgboye, 2020; Basumatary, 2013). It is however grouped under
underutilized species of plant (Adewuyi et al., 2014). According to Idowu et al. (2012), sandbox is used as shade
trees in many parts of the world because their wide spreading limb. In corroboration, Adewuyi ef al. (2012) noted
that sandbox is an underutilized plant in Nigeria and the seeds are unused. Solvent extraction has made it more
profitable to recover most oil from seeds, nuts, and other materials with relatively low oil content, as up to 98%
of oil can be recovered using solvent extraction (Matthéus, 2012). Oil is extracted from oil-bearing matters using
crude liquids like acetone, ether, chloroform, petroleum, spirit, carbon tetrachloride, diethyl ether, and carbon
tetra chloride. Various oilseeds have been studied to determine the best extraction conditions for the highest oil
yield: sesame seed (Hashim ef al., 2014; Elkhaleefa and Shigidi, 2015); rubber seed (Awais ef al., 2015); soybean
seed (Lawson ef al., 2010); dried Bitter Gourd seed (Umamaheshwari and Dinesh Sankar Reddy, 2016); canola
seed (Blake, 1982); un-sieved rice bran and sieved rice bran respectively (Sivala et al., 1991); sunflower kernels
(Southwell and Harris, 1992) and grated coconut (Hammonds et al., 1991); Neem (Azadirachta indica) seed
(Awolu et al., 2013); Sorrel (Hibiscus sabdariffa) seed (Betiku and Adepoju, 2013); almond seed (Akubude et
al., 2017); Dika nut (Abidakun et al., 2012); groundnut (Olajide et al., 2014); Shea kernel (Olaniyan and Oje,
2007); African star apple seed (Ajala and Adeleke, 2014); Moringa seed (Adejumo et al., 2013). The global
concern of the rapid depletion of the petroleum and its potential extinction, coupled to environmental pollution
emissions from its combustion exhaust, has made biodiesel from organic lipids an available substitute to petroleum
diesel (Reyes and Spulveda, 2006; Goering et al., 1982). Organic lipids like vegetable oils, animal fats, waste oils,
and recycled lubricants are combined with alcohol, primarily methanol or ethanol, in a displacement reaction
known as transesterification to create fatty esters like methyl/ethyl ester (biodiesel). Factors that influence methyl
ester yield from lipids have been studied (Zhang ef al., 2003; Ma and Hanna, 1999; Meher et al., 2006; Van, 2005
and Schuchardta et al., 1998). Oil extraction by solvent extraction method from sandbox seed have been reported
(Okolie et al., 2012; Muhammed ef al., 2013; Adewuyi et al., 2014; Shonekan and Ajayi, 2015; Nwanorh, 2015;
Ottih et al., 2015). Biodiesel was produced from sandbox seed oil (Adewuyi ef al., 2012; Adepoju et al., 2013;
Igbum et al., 2012). The present work is focused on investigating the effects of process parameters on sandbox
seed oil and biodiesel yield respectively.
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2. MATERIALS AND METHODS
About 100 kg of mature sandbox fruits were collected from Uyo metropolis, Akwa Ibom State, Nigeria between

(2016-2018). The fruits were cracked to remove the seeds and the seeds peeled to get the kernel (mesocarp) (Figure
2.1).

2.1. Solvent oil extraction from sandbox seed
Oil extraction was carried out according to the American Oil Chemists’ Society (AOCS 5-04) standard procedure.
A six-in-one Soxhlet apparatus was used for the extraction process. The experiments were carried out at varying
processing conditions: moisture content, mc (4, 6, 8, 10 and 12% wet-basis), roasting temperature, ¥ (80, 85, 90,
95 and 100°C) and time, ¥m (0, 5, 10, 15 and 20 min), extraction temperature, €y (60, 65, 70, 75 and 80°C) and
time, em (60, 90, 120, 150 and 180 min). The sandbox seed oil (Figure 2.2) was weighed and taken as a fraction
of the ground seed samples. The oil yield was calculated from Equation 2.1 as adopted by Bello and Daniel (2015)
for determination of oil yield percentage.
Wieght of oil extracted

il Yi %) = x100 (2.1
Oilvield (%) Wieght of sandbox seed sample used in the extraction 2.1

—

Figure 2.2 Biodiesel production

2.2. Biodiesel production from sandbox seed oil

The effects of process variables: reaction time (24, 48, 72, 96 and 120 min), reaction temperature (40, 45, 50, 55
and 60 °C), catalyst concentration (0.3, 0.6, 0.9, 1.2 and 1.5 %wt) and molar ratio (1:2, 1:4, 1:6, 1:8 and 1:10
methanol: oil ratio) on the methyl ester yield were investigated. Two hundred millilitres (200 ml) of sandbox seed
oil, amounting to 184 g in weight was used in each of the experiment. Other parameters were calculated as
percentage weight or volume of the oil. Methanol was used as the alcohol in the transesterification reaction, and
potassium hydroxide was used as the catalyst for the reaction. The Central Composite Rotatable Design (CCRD)
of Response Surface Methodology was used for both experiments. Experiments were replicated thrice.

3. RESULTS AND DISCUSSION
The results of the sandbox oil and biodiesel yields at various process conditions are presented in Tables 3.1 and
3.2 respectively. Charts showing the effects of process parameters on oil and biodiesel yield are shown in Figures
3.1-34.
Table 3.1 Oil Yield from Sandbox Seed at Various Processing Conditions

Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Response 1
Run A:mc B: ¥y C: ¥m D: &y E: em Oil yield
(%) (%) (min) ) (h) (%)
1 8 90 10 70 2.0 45.76
2 8 90 10 70 3.0 35.02
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3 8 90 10 70 1.0 23.00
4 6 85 5 65 2.5 38.33
5 8 90 10 60 2.0 42.87
6 10 85 15 75 L.5 40.00
7 10 85 5 75 2.5 40.12
8 4 90 10 70 2.0 20.86
9 10 85 15 65 2.5 48.88
10 8 90 10 80 2.0 44.00
11 12 90 10 70 2.0 30.00
12 8 90 10 70 2.0 45.00
13 6 95 15 65 2.5 40.00
14 8 90 10 70 2.0 50.00
15 8 90 10 70 2.0 49.80
16 10 95 15 75 2.5 46.54
17 6 85 15 65 L.5 35.66
18 10 95 5 65 25 36.00
19 8 80 10 70 2.0 38.10
20 8 90 10 70 2.0 47.77
21 10 85 5 65 L.5 36.56
22 6 95 15 75 L.5 39.00
23 10 95 5 75 L.5 42.40
24 6 85 5 75 L.5 39.60
25 6 85 15 75 2.5 40.55
26 6 95 5 65 L.5 40.06
27 6 95 5 75 2.5 38.99
28 8 90 10 70 2.0 46.44
29 8 90 0 70 2.0 21.00
30 10 95 15 65 L.5 53.60
31 8 90 20 70 2.0 47.99
32 8 100 10 70 2.0 51.33

Where mc = moisture content of sandbox seed, ¥, = Roasting temperature, ym = Roasting time, ep = Extraction
temperature and em = Extraction time

The oil yield from the sandbox seed ranged from 20.86-53.60%. The highest oil yield of 53.60% obtained was
similar to 53.61 and 53.81% obtained by Okolie et al., (2012) and Muhammed et al. (2013), and higher than 37.75,
36.70 and 42.70% obtained by Adewuyi et al. (2014), Shonekan and Ajayi, (2015) and Nwanorh, (2015). The
value was however lower than the 57.26% obtained by Ottih ef al. (2015). According to Anwar et al. (2006);
Orhevba et al. (2013), differences in oil yield during extraction are a function of extraction methods employed,
and also biological and environmental conditions.

Increase in oil yield was observed as the moisture content increased from 4-10%wb, after which the yield declined
(Fig. 3.1). The highest oil yield was obtained at 10% seed moisture; the decline in oil yield at moisture contents
above 10%wb could be attributed to the observation that the ground sandbox seed forms a slurry paste at moisture
contents above 10%, making further oil removal difficult. The trend is in agreement with reports on soybeans, and
un-sieved and sieved rice bran (Lawson ef al., 2010; Sivala ef al., 1991) among others.

OIL YIELD % 45.41 -

100.00
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Figure 3.1. Oil yield against roasting time and moisture content

OIL YIELD %  s3s0

45.41
37.23
29.70
20.86

. o 65.00 500
D: &p°C 60.00 0.00 C: ¥tm min

Figure 3.2. Extraction time and roasting temperature against oil yield

The sandbox oil yield increased as roasting temperature increased. The highest oil yield occurred at the roasting
temperature region of 95-100°C (Figure 3.1). Due to the sandbox seed's softness, a seed similar to melon seed,
roasting temperature around 100 °C was sufficient to penetrate the seed and release its oil. Similar roasting
temperature of 100°C was obtained for maximum oil yield from Moringa oleifera (Adejumo et al. (2013). The
unroasted samples at 0 min roasting time produced the lowest oil yield from the sandbox, and then the oil yield
increased with an increase in roasting time up to 15 min beyond which the yield became constant (Figure 3.2).
The sandbox oil yield increased with an increase in extraction temperature up to 75 °C, after which the oil yield
decreased (Figure 3.2). Extraction temperature range of 60-90 °C has been reported to be suitable for maximum
oil yield from seeds and nuts by solvent extraction. Solvent extraction temperature of 60 °C was reported by
Asoiro and Akubuo (2012) as suitable for maximum oil extraction from Jatropha curcas L. Umamaheshwari and
Dinesh Sankar Reddy (2016) obtaining maximum oil yield from bitter gourd at 98 °C extraction temperature and
Elkhaleefa and Shigidi (2015) reported a lower extraction temperature of 40 °C for maximum oil yield from
sesame seed. The sandbox oil yield increased with increase in extraction time up to 120 min, beyond which a
decrease in oil yield was observed. It was observed that 2 hours reaction time was enough for complete oil removal
from sandbox seed by solvent extraction. Lawson ef al. (2010) obtained maximum oil yield from soybeans at an
extraction time of 2% hours.

Table 3.2. Biodiesel Yield from the Transesterification of Solvent Extracted Sandbox Seed Oil

Factor 1 Factor 2 Factor 3 Factor 4 Response
S/N A:Fm B:fyp C:cec D:mra Fuel yield
(min) (°C) (% of oil wt) (% vol. of oil) (%)

1 48 45 0.60 8 86.20
2 96 45 0.60 4 86.12
3 48 55 0.60 4 88.65
4 48 55 1.20 4 81.02
5 48 45 1.20 8 83.79
6 48 45 0.60 4 86.25
7 96 45 0.60 8 87.16
8 72 50 0.90 6 94.55
9 72 50 0.90 6 94.89
10 72 50 0.30 6 89.48
11 72 50 0.90 2 80.11
12 72 50 0.90 6 91.99
13 96 55 0.60 4 88.01
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14 96 55 1.20 4 82.36
15 96 45 1.20 4 83.88
16 72 50 0.90 10 87.98
17 72 40 0.90 6 88.42
18 120 50 0.90 6 92.68
19 48 55 0.60 8 91.23
20 72 60 0.90 6 96.12
21 48 55 1.20 8 83.33
22 24 50 0.90 6 81.65
23 72 50 0.90 6 86.99
24 96 55 1.20 8 81.22
25 72 50 0.90 6 87.98
26 96 45 1.20 8 82.63
27 48 45 1.20 4 80.11
28 72 50 0.90 6 92.65
29 96 55 0.60 8 85.00
30 72 50 1.50 6 80.00

Where £m = reaction time, fp = reaction temperature, ¢cc = catalyst concentration (KOH) and mr. = molar ratio

The biodiesel yield ranged from 80.00-96.12%. The maximum biodiesel of 96.12% was extracted at 72.0 min
reaction time, 50.0 °C reaction temperature, 0.9%wt catalyst concentration and 1:6 molar ratio.

The biodiesel yield increased with increase in reaction time from 24 min to about 90 min before a decline in
biodiesel yield was observed (Figure 3.3). This was an indication that transesterification reaction for sandbox seed
oil requires about 1.5 hour to be completed. Similarly, Math ez al. (2010) reported 90 min reaction time as optimum
for maximum biodiesel yield from lipids with FFA. A lower reaction time of 40 min was obtained by Nakpong
and Wootthikanokkhan (2010) for maximum biodiesel yield from crude Jatropha curcas oil. Reports have shown
that transesterification process is spontaneous at the beginning of the reaction, converting approximately 80% of
the reactants into ester fuels in the first 5 min and gaining approximately 93-98% conversion after | h of reaction
period (Encinar et al., 2005; Srivastava and Prasad, 2000; Alcantra, 2000; Shailendra et al., 2008).

96.00 *
93.57
Biodiesel yield =~ 9113 -
(%) 88.70 .

86.27 .

50.00
B: Reaction temperature (°C) 4500 -

4000 © 24.00 A: Reaction time
(min)

© 48.00

Figure 3.3. Reaction temperature and reaction time against fuel yield

The sandbox biodiesel yield increased with increase in reaction temperature from 40 °C to 50 °C after which the
yield became steady (Figure 3.3). This indicates that 50-60 °C reaction temperature range is adequate for the
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transesterification of sandbox seed oil. The reaction temperature was same with 60 °C obtained by Adepoju ef al.
(2013) for sandbox seed oil biodiesel and lower than 70 °C obtained by Adewuyi et al. (2014) for maximum
biodiesel yield from transesterification of (H2SO4) acid pre-treated sandbox seed oil and but the. This difference
in reaction temperature might be due to reaction process used. Similar reaction temperatures were reported by
(Alhassan et al., 2014 for Gossypium Arboreum seed oil; Anguebes-Franseschi et al., 2016 for crude palm oil of
African origin; Nakpong and Wootthikanokkhan, 2010 for Jatropha seed; Singh et al., 2006 for canola oil;
Mansourpoor and Shariati, 2012 for sunflower oil).

The biodiesel yield increased as the catalyst concentration increased from 0.3% to 0.9% after which the yield
dropped sharply. The value 0.9% g wt/wt of oil represents 0.5% weight of volume of oil used in the reaction
(Figure 3.4). The result is average to 0.4% and 0.55% obtained by Adewuyi et al., 2014 and Adepoju et al., 2013
for sandbox seed. Similar result was obtained by Alhassan et al., 2014 for Gossypium Arboreum seed oil,
Anguebes-Franseschi et al., 2016 African palm oil and Mansourpoor and Shariati, 2012 for sunflower seed.

96.00 °
Biodiesel yield (%) o357

91.13

88.70

80.00

150 )
. 120.00
1.20 .
. 96.00

0-90 72.00

C: Catalyst Concentration (%) ~ °% 4800 o )
Y %) 030 2400 A: Reaction time (min)

Figure 3.4. Catalyst concentration and reaction time against fuel yield

The sandbox biodiesel increased with increase in molar ratio from 1:2 up to 1:6 after which a decrease in yield
was observed (Figure 3.4). Adewuyi et al. (2014) and Adepoju et al. (2013), obtained ratios of 1:6 and 1:5
respectively for maximum biodiesel yield from sandbox seed oil. Similar molar ratio was reported by
Anastopoulos et al., 2009; Alhassan et al., 2014; and Nakpong and Wootthikanokkhan, 2010 as optimum for
maximum biodiesel yield from four different vegetable oils, Gossypium Arboreum seed oil and Jatropha curcas
seed oil respectively. The optimum molar ratio of 1:6 or less for other edible oils has been found to give the highest
fuel yield (Encinar et al., 2005; Vicente et al., 2004; Dorodo, 2002).

a. Processes model equations
Mathematical relationship for predicting oil yield from sandbox relatively to the process factors is given in
Equation 3.1. The coefficient of determination (R?) relating the oil extraction process and oil yield was 0.81.
e OY =45.89+2.09mc + 1.81%1p + 3.59%um + 0.013eyp + 1.10em — 1.91mc? — 0.88¥p” — 1.67¥um’ + 0.56¢1
— 3.05em? + 0.57mcyp + 2.23me¥m — 0.63mcep — 0.29mcem + 0.70%p¥m — 0.23¥pep — 1.85%pem —
1.39%¥tmetp + 0.80¥tmem + 0.50€tp€m 3.
Where, OY = Oil Yield (%), mc = moisture content of sandbox seed, ¥y = Roasting temperature, ¥m = Roasting
time, e = Extraction temperature and em = Extraction time
Mathematical relationship for predicting biodiesel yield from sandbox relatively to the process factors is given in
Equation 3.2. The coefficient of determination (R?) relating the transesterification process and biodiesel yield was
0.74.
e Fuel Yield = 91.51 + 0.74tum + 0.84sy, — 2.47¢cc + 0.83m)ra — 1.468m” — 0.18#,> — 2.07¢cc? — 2.24myp” —
0.69ftmsp + 0.49fmCec — 0.8 1 £mMmra — 0.60fpCec — 0.1 7¢pmra + 0.19Ccc)ra (3.2)
Where £m = reaction time, fip = reaction temperature, ¢cc = catalyst concentration (KOH) and mr. = molar ratio

4. CONCLUSION
Effects of process factors on oil and biodiesel yield from sandbox seed were investigated. Among the process
factors studied, the oil yield from the sandbox seed ranged from 20.9-53.6%. The maximum oil yield of 53.6%
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was obtained at the processing conditions of 10.0%wb moisture content, 95 °C roasting temperature, 15 min
roasting time, 65 °C extraction temperature and 90 min extraction time. The biodiesel yield ranged from 80.00-
96.12%. The maximum biodiesel of 96.12% was extracted at 72.0 min reaction time, 50.0 °C reaction temperature,
0.9%wt catalyst concentration and 1:6 molar ratio. Mathematical models to predict sandbox seed oil and biodiesel
yields at varying process conditions were developed with 0.81 and 0.74 coefficient of determination (R?).

REFERENCES

Abidakun O. A., Koya O. A., and Ajayi, O. O. (2012). Effect of extraction conditions on the yield of Dika Nut
(Irvingia gabonesis) oil under uniaxial compression. Proc. ICCEM, 315-320.

Adejumo B. A., Alakowe A. T., and Obi D. E. (2013). Effect of heat treatment on the characteristics and oil yield
of Moringa oleifera seeds. The International Journal of Engineering and Science (IJES), 2(1), 232-239.

Adepoju T. F., Abiodun A., Okunola A.A., and Dahunsi O. S. (2013). Experimental investigation of sand box
biodiesel performance in an internal combustion engine. International Journal of Engineering Research &
Technology (IJERT), 2(11), 3833-3855.

Adewuyi A., Paul O., Awolade, P. O., and Oderinde R. A. (2014). Hura crepitans seed oil: an alternative
feedstock for biodiesel production. Journal of Fuels, 464590 (8).

Adewuyi A., Gopfert A., Wolff T. Rao B. V. S. K., and Prasad R. B. N. (2012). Synthesis of azidohydrin from
Hura crepitans seed oil: a renewable resource for oleochemical industry and sustainable development. ISRN
Organic Chemistry, 2012/ID 873046.

Ajala A. S., Adeleke S. A. (2014). Effect of drying temperatures on physicochemical properties and oil yield of
african star apple (Chrysophyllum alibidum) seeds. Global Journal of Engineering Design and Technology (G.J.
E.D.T.), 3(3), 12-16.

Akubude V. C., Maduako J. N., Egwuonwu C. C., Olaniyan A. M., Ozumba I. C., Nwosu C., and Ajala O. E.
(2017). Effect of process parameters on oil yield mechanically expressed from almond seed (Using Response
Surface Methodology). American Journal of Food Science and Nutrition Research, 4(1), 1-8.

Alcantra, R., et al. 2000. Catalytic production of biodiesel from soy-bean oil used frying oil and tallow. Biomass
Bioenergy, 18, 515-527.

Alhassan, Y., Kumar, N., Bugaje, [. M., and Mishra, C. (2014). Optimization of (Gossypium arboretum) seed oil
biodiesel production by Central Composite Rotatable Model of Response Surface Methodology and evaluation of
its fuel properties. Journal of Petroleum Technology and Alternative Fuels, 5(1), 1-12.

Anguebes-Franseschi, F., et al. (2016). Optimization of biodiesel production from African crude palm oil (Elaeis
guineensis Jacq) with high concentration of free fatty acids by a two-step transesterification process. Open Journal
of Ecology, 6, 13-21.

Anwar F., Zafar S. N., Rashid U. (2006). Characterization of Moringa oleifera seed oil from drought and irrigated
regions of Punjab. Pakistan Grasas Aceites, 57(2), pp. 60-168.

Asoiro F. U., Akubuo C. O. (2012). Effect of temperature on oil extraction of Jatropha curcas L. kernel. The
Pacific Journal of Science and Technology, (2), 456-463.

Awais B., Suzana Y., and Murni M. A. (2015). Optimization of the Parameters that Affects the Solvent Extraction
of Crude Rubber Seed Oil Using Response Surface Methodology (RSM). Recent Advances in Engineering, 28-33.
Awolu O. O., Obafaye R. O., Ayodele B. S. (2013). Optimization of solvent extraction of oil from neem
(Azadirachta indica) and its characterizations. Journal of Scientific Research and Reports, 2(1), 304-314.
Basumatary S. (2013). Non-conventional seed oils as potential feedstocks for future biodiesel industries: A Brief
Review. Research Journal of Chemical Sciences, 3(5), 99-103.

Betiku, E., and Adepoju, T. F. (2013). Sorrel (Hibiscus sabdariffa) seed oil extraction optimization and quality
characterization. American Chemical Science Journal, 3(4), 449-458.

Blake J. A. (1982). Evaluation of an On-farm Press. In: Vegetable oil fuels. ASAE Publication, No. 482, MI
49055, 247-251.

Bello E. 1., and Daniel F. (2015). Optimization of groundnut oil biodiesel production and characterization.
Applied Science Report, 9(3), 172-180.

Dorodo, W., Ballesteros, E., De Almeida, J., Schellert, C., Lohrlein, H., and Krause, R. 2002. 4n alkali-
catalyzed transesterification process for high free fatty acid waste oils. Trans ASAE, 45(3), 525-9.

Elkhaleefa A., Shigidi, Thab 1. (2015). Optimization of sesame oil extraction process conditions. Advances in
Chemical Engineering and Science, 5, 305-310.

Encinar, J. M., Gonzalez, J. F., and Reinares, A. R. (2005). Biodiesel from used frying oil: variables affecting the
yields and characteristics of the biodiesel. Ind. Eng. Chem. Res., 44, 5491-9.

Goering C. E., Schwab A. W., Daugherty M. J., Pryde E. H., and Heakin A. J. (1982). Fuel properties of eleven
oils. Transactions ASAE, 25, 1472-1483.

Hammonds T. W., Harris R.V., and Head S. W. (1991). The influence of moisture content on the extraction of oil
from fresh grated Coconut. Tropical Science, 31, 73-81.

99



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

Hashim, A. B., Giwa, S. O., Ibrahim, M., and Giwa, A. (2014). Finding the optimum parameters for oil extraction
from sesame seed using Response Surface Methodology. International Journal of Scientific Research and
Management Studies (IJSRMS), 2(1), 1-13.

Idowu D. O., Abegunrin T. P., Ola F. A., Adediran A. A., Olaniran J. A. (2012). Measurement of some engineering
properties of sandbox seeds (Hura crepitans). Agriculture and Biology Journal of North America, 8, 318-325.
Igbum O. G., Eloka-Eboka A. C and Nwadinigwe C. A. (2012). Effects of transesterification variables on yields
and properties of biodiesel fuels produced from four virgin tropical seeds oils. International Journal of
Environmental Bioenergy, 1 (1), 119-130.

Lawson O. S, Oyewumi A., Ologunagba F. O., Ojomo A. O. (2010). Evaluation of the parameters affecting the
solvent extraction of soybean oil. ARPN Journal of Engineering and Applied Sciences, 5(10), 51-55

Ma F., and Hanna M. (1999). Biodiesel production: A review. Bioresource Technology, 70(1), 1-15.
Mansourpoor, M., and Shariati, A. (2012). Optimization of biodiesel production from sunflower oil using response
surface methodology. J. Chem Eng Process Technol, 3(4), 5.

Math, M. C., Sudheer, P. K., and Soma V. C. 2010. Optimization of biodiesel production from oils and fats with
high free fatty acids. Indian Journal of Science and Technology, 3:3, 318-321.

Matthdus B. Oil technology. S.K. Gupta (ed.), Technological Innovations in Major World Oil Crops, pp. 2.
Meher L. C., Sagar D. V., and Naik S. N. (2006). Technical aspects of biodiesel production by Transesterification:
A review. Renewable Sustainable Energy Reviews, 10(3), 248-268.

Muhammed N. A., Isiaka A. A., and Adeniyi O. A. (2013). Chemical composition of Hura crepitans seeds and
antimicrobial activities of its oil. International Journal of Science and Research (IJSR), 2(3), 440-445.

Nakpong, P., and Wootthikanokkhan, S. (2010). Optimization of biodiesel production from Jatropha curcas L. oil
via alkali-catalyzed methanolysis. Journal of Sustainable Energy and Environment, 1,105-109.

Nwanorh K. O. (2015). Extraction and characterization of oil from Hura crepitans (sandbox tree). International
Research Journal of Education and Innovation, 1-2(17), 60-62

Okolie P. N., Uaboi-Egbenni P. O., and Ajekwene A. E. (2012). Extraction and quality evaluation of sandbox
tree seed (Hura crepitan). Oil World Journal of Agricultural Sciences, 8(4), 359-365.

Olajide J. O., Afolabi J. O., and Adeniran J. A. (2014). Optimization of oil yield from groundnut kernel (Arachis
hypogeae) in an hydraulic press Using Response Surface Methodology. Journal of Scientific Research and
Reports, 3(14), 1916-1926.

Olaniyan A. M., Oje K. (2007). Development of mechanical extraction rig for dry extraction of Shea butter from
Shea kernel. Journal of Food Science and Technology, 44(5), 465-470.

Olatidoye O. P., Adeleke A. E., Adegbite S. A., and Sobowale S. A. (2010). Chemical composition and nutritional
evaluation of sandbox (Hura crepitan) seed flour for domestic consumption and industrial. Journal of Medical
and Applied Biosciences, 2, 72-83.

Onwe, D. N., and Bamgboye A. 1. 2020. Effect of process conditions on sandbox seed oil yield by mechanical
expression: A response surface approach. Sci. J. Agric. Eng. 3, 70-81

Orhevba B. A., Chukwu O., Osunde Z. D., Ogwuagwu V. (2013). Influence of moisture content on the yield of
mechanically expressed neem seed kernel oil. Academic Research International, 4(5), 252-257

Reyes J. F., and Sepulveda M. A. (2006). PM-10 Emissions and power of a diesel engine fuelled with crude and
refined biodiesel from salmon oil. Fuel, 85, 1714-9.

Umamaheshwari P., Dinesh Sankar Reddy, P. (2016). Effect of operating parameters on extraction of oil from
bitter gourd seeds: a kinetic and thermodynamic study. International Journal of Science and Research (IJSR),
5(2), 1243-1246.

Vicente, G., Martinez, M., and Aracil, J. (2004). Integrated biodiesel production: a comparison of different
homogeneous catalysts systems. Biores Technol, 92, 297-305.

Shailendra S., Avinash, K. A., and Sanjeev, G. (2008). Biodiesel development from rice bran oil:
Transesterification process optimization and fuel characterization. Elsevier; Energy Conversion and
Management, 49, 1248-1257.

Shonekan F. O., and Ajayi J. O. (2015). The biochemical analysis of Hura crepitans (Sandbox Tree) seed oil and
meal. Globalacademicgroup.com, Retrieved January 15, 2016.

Sivala K., Bhole N. G., and Mukherjee R. K. (1991). Effect of moisture on rice bran oil extraction. Journal of
Agricultural Engineering Research, 1(50), 81-91.

Southwell K. H., and Harris, R. V. (1992). Extraction of oil from oilseeds using the hot water flotation method.
Tropical Science, 2(82), 251-256.

Srivastava A., and Prasad R. (2000). Triglycerides-based diesel fuels. Renewable Sustainable Energy Rev, 4, 111-
33.

Van Gerpen J. (2005). Biodiesel processing and production. Fuel Processing Technology, 86(10), 1097-1107.
Zhang Y., Dubé M. A., McLean D. D., and Kates M. (2003). Biodiesel production from waste cooking oil: process
design and technological assessment. Bioresource Technology, 89, 1-16.

100



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

PAPER 34 — ASSESSING THE FEASIBILITY OF EXPLOITING HYDROPOWER
RESOURCES OF UNDERUTILIZED WATER DAM

A. S. Akintaro', O. O. Olanrele*

"Department of Mechanical Engineering, University of Ibadan, Ibadan, Oyo State, Nigeria.
Department of Computer and Industrial & Production Engineering, First Technical University, Ibadan,
Oyo State Nigeria.

*Email: Oladeji.olanrele@tech-u.edu.ng

ABSTRACT

The power sector in Nigeria faces significant challenges, with limited electricity access being a primary concern

for stakeholders. Almost half of Nigeria's population has no access to electricity supply, notwithstanding the
number of untapped energy sources in the country. However, integrating mini or micro hydropower plants into
existing and underutilized water dams could help mitigate these challenges. This study evaluates the hydropower
potential of the underutilized Eruwa (Opeki) dam to a IMW mini hydropower plant. The Eruwa (Opeki) dam is a
part of the Eruwa water scheme located at Eruwa a town in Oyo State, South West Nigeria. The methods adopted
for the research are physical site inspection, data collection, engineering designs, and hydropower simulation. A
706.32kW theoretical power was achieved from the design with an annual energy generation of 4292.89MWh
and projected investment and operation/maintenance cost ¥441,000,000 and ¥13,230,000/annum respectively.
Annual revenue projection is ¥283,502,455.60, using the present electricity tariff of #66.04/kWh. The integration
of mini hydropower plants into existing water schemes could increase electricity generation from renewable
sources, reduce carbon footprint, and increase revenue for the scheme to prevent underfunding and facilities
degradation.

KEYWORDS: Hydroelectric power, Renewable energy, Power generation capacity, Energy access, Energy
economics, Dam infrastructure.

5 INTRODUCTION

Hydropower is a renewable energy source that generates power by using dams or diversion structures to alter the
natural flow of a river or other body of water. It relies on the endless, constantly recharging system of the water
cycle driven by the sun to produce electricity (U.S Office of Energy Efficiency and Renewable Energy, 2021). It
is an environmentally friendly source of energy that has the potential to play a significant role in meeting the
world's increasing demand for electricity. A hydropower plant is fueled by water, clean energy with lesser
pollution in contrast to fossil fuels power plants. It is the most significant renewable energy for electricity
generation, with a global installed capacity of 1307GW (Kumar, 2021). In addition, it is expected to remain the
largest source of renewable electricity generation (IEA, 2021).

Nigeria, like many other developing countries, is facing an energy crisis with over 50% of its population lacking
access to electricity. According to the International Energy Agency (IEA) (2020), Nigeria's energy poverty rate
remains high, with an average electricity consumption of 146.84 kWh/capita, which is significantly lower than
the global average of 3,074.04 kWh/capita. This is due in part to the poor exploration and exploitation of untapped
hydropower potential and other renewable energy sources in the country.

This energy deficit has negatively impacted economic growth, social welfare, and sustainable development in the
country. Despite its vast potential for hydropower generation, Nigeria's hydropower capacity remains vastly
underutilized (Adewuyi, 2020; Emodi and Boo, 2015, Abban and Awopone, 2021). Nigeria's exploitable
hydropower potential is estimated to be 14,120 MW, amounting to more than 50,800 GWh of electricity annually,
however, less than 19% was tapped for electricity generation (IHA, 2018).

Furthermore, with over 734.2 MW of electricity generation potential from small hydropower, only 30 MW was
produced, which is less than 5% of the potential (Odunfa et.al.,2019). Harnessing all the untapped energy sources
through a decentralized grid system with multiple small and mini hydropower plant system could help mitigate
energy poverty, increase the economic development of the country, and aids global energy transition plans. Given
the increasing demand for electricity in Nigeria and the potential of hydropower as a clean and sustainable source
of energy, there is a need to explore the feasibility of harnessing the hydropower potential of underutilized water
Ieservoirs

The objective of this study is to evaluate the technical, economic, and environmental feasibility of harnessing the
hydropower potential of the Eruwa (Opeki) Water Dam. The study will assess the potential for hydropower
generation at the dam, taking into account factors such as water flow rate, turbine capacity, and power generation
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capacity. The study will also evaluate the economic viability of hydropower generation from the Eruwa (Opeki)
Water Dam, including the cost of infrastructure development, operations and maintenance, and revenue potential.

The Study area for this research is Eruwa (Opeki) dam, it was constructed in 1967 across the Opeki River sited in
Eruwa, a town in Ibarapa East Local Government of Oyo State, Nigeria. The town falls on the 7.53° latitude and
3.42° longitude with an average topography of 149m. The dam has a height of 9.15m and a reservoir capacity of
2 million m?, covering approximately 92 hectares (Ogedengbe and Oke, 2004). It was built to function as a water
supply source for the whole Ibarapa community causing the inclusion of a treatment plant capacity of 2.7 million
liters/day. Opeki catchment falls within the humid tropical climate with wet seasons (March to November) and
dry seasons (December to February) (Idowu and Matins, 2007). It is important to note that the dam and the water
treatment facility are presently at 0% utilization. This is due to the degradation of the facility, and damaged
distribution network resulting from road construction, all balls down to inadequate funding and maintenance of
the scheme.

2. THEORETICAL ANALYSIS

2.1 Engineering calculation for hydroelectric power designs.
2.1.1 Flow rate

Since the maximum storage capacity head = 8.80m,

Dead storage head = 3.16m,

then gross head (Hy) = 8.80 - 3.16 = 5.64m

Due to low head, Kaplan turbine is selected.

Using the general hydropower formula in equation (1) below;

P=nxpxgxHyxQ (1

Where, P is Power output (watts) =10°, g is Acceleration due to gravity (m/s*) =9.81, H, is Pressure head (m)

=5.64, p is Water density (kg/m*®) =1000, N is Turbine efficiency = 90% and Q the Water flowrate (m?/s) is
unknown. The water flow rate can be determined using equation (2) as stated below.

3
water flowrate Q (mT) = nszg 2)

Applying equation (2), The water flow rate is;
Q=

10°
0.9x1000x9.81x5.64

=20.08 m3/s.

2.1.2 Penstock

Using Bernoulli’s as stated in equation (3) below;
1 1
P+ Spw’ +pgzy = py + S puy” +pgz, ©)

where p is water density, g is Acceleration due to gravity, p, is Pressure at penstock inlet, u, is Velocity at the
dam, z, is Height at elevation 1(Head), p, is Pressure at turbine outlet, u, is Velocity in the turbine and z, is
Height at elevation 2(Tail). At the same atmospheric pressure of p;and p,, z, = 0 since elevation at the dam z,
= 5.64, at the tail race is 0, and flow velocity in the dam is 0. Then the height at elevation 1(Head) is stated in
equation (4), the flow velocity u was determined using equation (5), and the water flow rate (Q) is in equation (6);

2

Z1= u /Zg' (4)

flow velocity (u) = \/z; + 2g 5)
Then flow velocity u = /z; + 2g = v/5.64x2x9.81 = 10.52m/s?

m3

water flowrate Q (T) = ux Area (A) (6)

Then Area (A) = £ = 2% — 1 91m?
U 10.52

2
Since A = 1'[42 , Penstock diameter (D) = 1.56m.

Using Darcey Weibach equation as stated in equation (7) below; where h; is Head loss due to friction, f is Friction
factor, L is Length of penstock and D = Penstock diameter
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_ 1\ u?
b= ()5 (7)
To get f, the reynold number (re) must be determined using equation (8)
— pub
Re = ” ®)
v is water viscocity = 0.001Pa.s
Then, Re = 1000x10-34x156 _ 4 64 x 107, Reynold number (re) of 1.64 x 107 indicates high turbulence.

0.001

Moody Diagram was used since Reynolds number is available. Due to high turbulence, polyvinylchloride (PVC)
pipe with loss roughness of 0.0025 is selected to reduce head loss due to friction. Equation (9) was used to
determine the relative pipe roughness.

loss roughness
D(mm)

)

Relative pipe roughness =

0.0025
1560

Then, the Relative pipe roughness = = 1.6x107°

Tracing the moody diagram, friction factor (f) = 0.007
Therefore: head loss due to friction (hr)as stated in equation (7) can be determined;

_ 1\ 10.522
hf =0.007 (E) 2x9.81
@1 =100m, hf: 2.53m
@1 =50m, hf: 1.27m

@1 =30m, hy=0.76m

30m PVC pipe was selected to have an adequate length and low head loss due to friction of 0.76m. The head loss
at intake (h) is represented in equation (10), the head loss at gate valve hy is in equation (11), and the net head
(Huer) is in equation (12).

head loss at intake (h,) = f (5) (10)
Then, the head loss at intake (hr) = 0.007 (;295;) = 0.039m

Head loss at gate valve (hy) = 0.15 (g) (11)
Then, head loss at gate valve (hv)= 0.15 (%) = 0.84m, taking o0.15 friction of gate value.
Net Head(Hyet ) = H — (hy + A+ hy) (12)

Then, the Net head (Hnet) = 5.64 — (0.76 + 0.039 + 0.84) = 4.0m

To get the thickness of the pipe, Diamond Plastic Corporation, Nebraska USA PVC pipe with the diameter of 60”
(1524mm), thickness of 1.6" (40.64mm) and tensile strength of 7,000Psi was selected. The dimension of the pipe
is equivalent to the required diameter.

Therefore, pressure wave velocity (C) is derived from Joukowsky equation and is stated in equation (13)
1073K

Pressure wave velocity (C) = |—%5 (13)

Et

Kis the Bulk modulus of water = 2.19x10°Nm ™2
E is the young modulus of PVC = 3.275x10°Nm™2
t is thickness of pipe (mm) = 40.64, while D is pipe diameter (mm) = 1560m

Then, Pressure wave velocity (C) is;
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2.19x109x 1560
1+ 3 sx109x 2064
3.275x10%x 40.64

C= t"}iﬁ = | X21x1° | /89083.96 = 286.50 m/s
tE

Equation 14, 15, and 16 was used to determine the surge pressure, critical time, and net power output;

Surge pressure =cx pxu (14)
Critical time = == (15)
Net Power Output (P) =N xpx g x Hyee x Q (16)
Then the Surge pressure = 286.5x1000x10.52 = 3.01x10° Pa = 437.14 PSi;
The Critical time = 22;63(; = 0.21s;

And the Net power output (P) after considering accountable losses is given below;
P =0.9x1000 x9.81 x 4.0 x 20.08 = 709,145.28w = 709.14kW

3 METHODS

Physical site inspection was done, and dam data collected. Suitable hydropower equations, fundamental fluid
property equations to cater for loses in the penstock system and simulation using Computer Aided Simulator
System for Instream flow and Riparia (CASiMiR) was used. Furthermore, the dam head and the discharge rate of
Opeki river form the basis of this study. The available average monthly discharge record of the Opeki River
covering only nine years (between 1988 and 1996) shown in Table 1 was collected from Ogun Oshun River Basin
Development Authority (Idowu and Matins, 2007). The most previous monthly data was used to evaluate and
predict the annual energy generation potential of the dam based on the discharge rate of the river. The dam storage
capacity of the reservoir is shown in Table 2.

Table 1: Average Monthly Discharge Rate of Opeki River (m?)

Years | Jan Feb Mar Apr May Jun Jul Aug | Sep Oct | Nov | Dec

1988 | 9.21 | 8.26 | 10.59 | 2.50 2.50 | 15.63 | 67.77 | 54.94 | 53.36 | 56.42 | 9.93 | 9.83

1989 | 1232 | 1642 | 12.13 | 17.88 | 26.81 | 23.54 | 46.22 | 77.81 | 87.70 | 63.58 | 26.79 | 9.37

1990 | 9.83 | 7.94 8.76 12.24 | 13.25 | 14.79 | 14.66 | 14.20 | 19.80 | 44.42 | 41.70 | 16.58

1991 2.50 | 2.50 2.50 8.19 2.88 3.58 | 27.63 | 99.06 | 35.64 | 42.40 | 7.36 | 3.62

1992 | 436 | 2.50 3.89 2.50 290 | 1343 | 2831 | 68.97 | 20.76 | 6491 | 16.74 | 6.47

1993 7.06 | 6.65 3.75 2.93 2.89 4.86 | 14.65 | 11.69 | 25.10 | 44.14 | 9.07 | 44.14

1994 | 336 | 6.92 6.73 2.50 2.50 250 | 794 | 824 | 6.51 | 49.04 | 37.18 | 3.57

1995 | 6.25 | 5.97 7.88 11.50 | 17.87 | 34.33 | 49.89 | 29.35 | 31.23 | 65.90 | 34.87 | 15.34

1996 | 4.28 | 4.36 2.50 13.39 | 16.52 | 29.86 | 47.47 | 55.88 | 56.65 | 49.43 | 36.50 | 15.84

Table 2: Eruwa dam storage capacity

Storage capacity Volume (m?) Height (m)
Maximum Storage 2,000,000 9.15
Minimum Storage 1,780,000 8.8
Dead Storage 120,000 3.16

4  RESULTS AND DISCUSSION

The results were derived based on the dam data, Opeki river flow discharge, and engineering calculations from
hydropower and fluid mechanics equations. Results were backed with Computer Aided Simulator System for
Instream flow and Riparia (CASiMiR) as the hydropower simulation tool used for the study.

4.1 Penstock design
With the flow velocity of 10.52 m/s, the flow in the penstock results in turbulence flow at a Reynolds number of
1.64 x 107. To reduce head losses due to friction on the surface of the penstock material, Polyvinylchloride (PVC)
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pipe is selected due to it smooth surface in contrast to steel or concrete. Table 3 below shows the penstock data

selected.
Table 3: The Penstock data selected

S/N Description Dimension
1 | Gross head 5.64m
2 | Flow-rate 20.08 m/s
3 | Flow velocity 10.52 m/s
4 | Penstock diameter 1.56 m
5 | Penstock length 30 m
6 | Penstock thickness 0.04 mm
7 | Penstock tensile strength 48.26 MPa (7000 Psi)
8 | Head loss due to friction 0.76 m
9 | Head loss due to intake 0.039 m
10 | Head loss due to gate 0.84 m
11 | Available net head 40m
12 | Pressure wave length 286.50 m/s
13 | Surge pressure 3.01 MPa (437.14 Psi)
14 | Critical time 0.21 Secs

4.2 Simulation Result

The annual data sheet for the hydropower simulation, and that of the daily power generation and discharge rate
trend are shown in the appendices. The average daily and annual energy parameter projected by simulator
(CASiIMiR) is summarized in Table 4 Below.

Table 4: The average daily and annual energy parameter

S/N Description Capacity
1 | Maximum Power Capacity 706.32 Kilowatt
2 | Average Daily Power 490.06 Kilowatt
3 | Average Daily Energy Generation 11,761.25 Kilowatt
4 | Annual Energy Production 4292 .89 Mega Watt Hour
5 Annual Discharge Volume 466,311,168.00 m?

4.3 Investment Cost and Financial Return

The average total installation costs for new small hydropower projects commissioned between 2015 and 2021 in
Africa is approximately $3500/KW. The operation and maintenance costs (O&M) varied between 1% and 3% of
total installed costs per year. However, installing small hydropower plant on an existing dam built for other
purposes yields an investment cost reduction of up to 70% compared with a new project (IRENA, 2022, IEA
2021).

4.4 Investment Cost.
The installation of hydropower is taking place on an existing dam built for other purposes.

Therefore, the investment costs per Kw is taken to be: Installation cost x (1 — 70% cost reduction)
=3500x(1—0.7) =$1050

Investment cost of the project = 1050 x 1000KW = $ 1,050,000

Converting to Naira () at official rate of ¥420/$1 = $ 1,050,000 x 420 = N 441,000,000

Operation and maintenance (O&M) per annum is 3% of investment cost of the project;

Therefore, Operation and maintenance cost = 0.03 x 1,050,000 = $ 31,500 per annum

Converting to Naira (N¥) at official rate of ¥420/$1, O&M cost = $ 31,500 x 420 = N 13,230,000.

4.5 Financial Return.

The financial return is based on the total annual energy generation projected in the simulation, valued to be
4292.89MWh. According to Ibadan Electricity Distribution Company (IBEDC); the distribution company
covering the project site, recent price per unit of energy for band B customer is ¥ 66.04/kWh.

Annual revenue from project per annum was derived from the total annual energy generated as calculated below:
Annual revenue = Total annual energy generated (KWH) x Price per unit
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=4292.89x 1000 x 66.04 = N 283,502,455.60.

5.  CONCLUSIONS

This study has evaluated the feasibility of harnessing the hydropower potential of the underutilized Eruwa (Opeki)
Water Dam in Oyo State, Nigeria. The results indicate that the dam has significant untapped potential for
hydropower generation, which could help to address Nigeria's energy deficit and contribute to sustainable
development. The study found that the technical and economic feasibility of hydropower generation from the dam
is high, with the possibility of converting it to a 0.71Mw mini hydropower plant with a projected annual energy
generation of 4292.89MWh.

Given the potential benefits of hydropower generation from the Eruwa (Opeki) Water Dam and other underutilized
water reservoirs in Nigeria, it is recommended that the government and private sector stakeholders invest in further
exploration and development of hydropower resources. This could involve the deployment of new technologies
and innovations that enhance the efficiency and sustainability of hydropower generation, as well as the
implementation of policy and regulatory frameworks that incentivize private sector investment in the sector.
Overall, the development of hydropower resources in Nigeria has the potential to create new economic
opportunities, improve energy security, and contribute to the country's transition to a low-carbon, sustainable
energy future.
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ABSTRACT

Gas turbines built in the tropics for power generation are made for other climate regions, thus their performance
tends to be affected. This research aims to present the impact of thermo-fluid modelling for gas turbines on
performance simulations of a two-spool turboshaft power-generating gas turbine configuration. The variation of
operating conditions (compression ratio, turbine inlet temperature (TIT), and ambient temperature) on the
performance of gas turbine (thermal efficiency, shaft power delivered, specific fuel consumption (SFC), heat rate
(HR) and fuel flow (FF)) was investigated. The analysis of the cycle has been carried out using GASTURB 14.
The off-design simulation is carried out for ambient temperature between 288K to 318K and TIT between 1400K
to 1600K. As the ambient temperature increases for a given TIT, the thermal efficiency, shaft power delivered,
and FF decrease while the SFC and HR increase; this is due to a decrease in mass flow rate to the compressor as
a result of lower air density and a higher compressor work. There is a loss of 4.3% in thermal efficiency at TIT
1400K as ambient temperature increases from 288K to 318K, this loss decreases to 1.3% at TIT 1600K, which
reveals that, as TIT increases percentage loss in thermal efficiency decreases on increasing ambient temperature.
In addition to this, it was observed that there was an increase of 0.05 kg/kWh in SFC at TIT 1400K when the
ambient temperature rises from 288K to 318K which in turn decreased to 0.01kg/kWh. As the TIT increases for
a given compression ratio (design point) or an ambient temperature (off-design point), the thermal efficiency,
shaft power delivered and FF increase while SFC and HR decrease. The simulation results obtained were validated
using industry data and those obtained from other experimental methods and they showed acceptable agreement.

KEYWORDS: Ambient temperature, compression ratio, design and off-design point, turbine inlet temperature.

1. INTRODUCTION

Operators' top priority is to make sure gas turbines function as efficiently as possible. Gas turbines are designed
to compress air with the least amount of effort possible while maintaining high levels of efficiency and
aerodynamic stability. Anything that boosts productivity and profit in the current economic context is welcome
(Ibrahim et al., 2011a). The International Standard Organization (ISO) conditions for a gas turbine are 1.013 bar
of atmospheric pressure, an ambient temperature of 15°C, and relative ambient humidity of 60% (ASME, 2015).
In a gas turbine power plant, the output is sensitive to the surrounding environment (Xiaojun et al., 2010). The
performance of a gas turbine can be categorized according to its thermal efficiency, power production, specific
fuel consumption (SFC), and work ratio. Its performance is affected by several factors, including the compressor
pressure ratio (PR), combustion inlet temperature (TIT) and other operational factors such as ambient temperature,
elevation and relative humidity (Thamir and Rahman, 2010). The best effective way for determining a gas turbine
power plant's operation is a mathematical modelling strategy that makes use of computer tools (Barsali et al.,
2015). In this respect, quantitative modelling of gas turbine power plants is necessary. The conditions at a gas
turbine power plant's inlet and exit determine its performance in terms of power production, thermal efficiency,
and specific fuel consumption (Khaliq and Dincer, 2011). Hot days have significantly lower air density, pressure
ratio, airflow, and power output. As a result, as ambient temperature rises, power output declines and specific fuel
consumption (SFC) rises. Performance of gas turbines is strongly impacted by changes in the ambient conditions
(Thamir et al., 2019). The ambient, which changes periodically, determines the gas turbine's performance (Nada,
2014). As the intake air temperature rises, the limiting air volume rises as well. As constant-volume engines, gas
turbines continuously move the same volume of air at a specific shaft speed. Because combustion air in gas
turbines is drawn directly from the atmosphere, weather conditions have a significant impact on how well they
work (Saif and Tariq, 2017). The output power drops as the ambient temperature rises and rises with the turbine
entry temperature (TET). To prevent early component failure and a shortened gas turbine's life, it is not possible
to increase the TET indefinitely from a material standpoint (Nasir ez al., 2018). This research work investigates
how operating conditions affect the performance calculations of gas turbines installed in Kogi State, central
Nigeria with an altitude of more than 2000m above sea level. This research aimed to assess the impact of thermo-
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fluid modelling for gas turbines on performance calculations, and this can be achieved through the following
objectives:

i. to create a model to calculate gas turbine performance based on a chosen set of measurable parameters.

ii. investigating the operational factors (such as ambient temperature (AT)) that have an impact on gas turbine
performance.

iii. validate model results with measure gas turbine performance.

2 THEORETICAL ANALYSES
21 Thermo-fluid Gas turbine component modelling

This dynamic thermo-fluid physics model, which consists of rotating and fluid elements, was developed as a
starting point, using conservation principles and motion equations. Auxiliaries for the compressor, combustor,
turbine, and engine are the gas turbine engine's key parts, and they all work together to produce the engine's total
performance (Cohen et al., 2017).

2.2 Modelling for Compressor

Wc: mx h(Tm) - h(Tout) (1)
Pﬂu
PR, = @)

Equation (1), which reflects the compressor work but involves no heat transfer, is derived from energy
conservation, equation (2) provides the compressor's pressure ratio relation (Thirunavukarasu, 2013).

23 Burner Modelling

1 . .
n, = W (Mgye X AT e — My, X ATy, (3)

The combustion chamber efficiency is defined by equation (3).

24 Turbine Modelling

WT =mX (h(Tm) - h(Tout)) (4)
Turbine work is calculated by equation (4).

The rate of mass flow through the gas turbine is given as:

m = pv (5)
dm d

— =5 (V) (6)
m = pv (7

The density of the working fluid (air) has an inverse relationship with the temperature

p=— (3)

T;

Where T'1 is the ambient temperature, p is the density of air and k is the proportionality constant. The gas turbine's
network (Wnet) is computed:

Wnet = WT - WC (9)
pP= ma X (WT—WC) = ma X Wnet (10)
p :pUXWnet (11)
P=2vxw,, (12)

T;
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The specific fuel consumption (SFC) is expressed by Equation (13).

SFC =222y (13)
Whet
The heat supplied is written as:
y=1
Qg = Cpg(TIT = Ty (1 + 22 ;C =) (14)

The efficiency of the gas turbine (nth) can be calculated by Equation (15). It is the proportion of heat input to
work performed by the turbine.

Wne
o = s (15)
3. MATERIALS AND METHODS

3.1 Materials
3.1.1 GasTurb 14

GasTurb 14 has been used to analyze the gas turbine cycle and evaluate the plant's performance. GasTurb 14
(GASTURB GMBH MELATENER STRABE 7052074 AACHEN, GERMANY) is professional software for gas
turbine performance calculations.

3.1.2  The two-spool turboshaft

Interest is only in the two-spool turboshaft in this work since gas turbines used for power generation are the focus.

41)(@s)
2 33 (a)ad

sXe) ®

HP leak to LPT exit

4

Recrculating L1
0%

| HPT NGV
Handling 0%
- —_— —
Bieed
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Overboard 5%
—y OO |
Bleed
Okg's 155’33' NGV cooling

LPT cooling
1%

Figure 1. The state points in the GasTurb14 model of a two-spool turboshaft. The compressor entry (point 2), compressor
outlet (point 3), high-pressure turbine entry (point 41), low-pressure turbine entry (point 45), and exhaust location (point 5) are the crucial
points.

4. RESULTS AND DISCUSSION

4.1 Off-design point simulations
Table 1. Simulated results of the effect of ambient temperature and different turbine inlet temperatures on
thermal efficiency

TIT(K) 1400 1500 1600

AMBIENT TEMPT(K)
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288 0.29015 0..29757 0.29652
293 0.28408 0.29537 0.29458
298 0.27770 0.29273 0.29257
303 0.27044 0.28947 0.29073
308 0.26283 0,28529 0.28885
313 0.25504 0.28028 0.28660
318 0.24719 0.27503 0.28396

The difference in thermal efficiency with ambient temperature at various TIT and a 60% relative humidity in the
air is displayed in Table 1. It is evident that as the temperature of the turbine inlet increases from 1400K K to 1600
K, thermal efficiency also rises for a given ambient temperature until the turbine inlet temperature reaches 1650
K, at which point a sharp decline in thermal efficiency is seen (Ibrahim and Rahman, 2010). However, it is also
established that the thermal efficiency will decrease for all ranges of TIT under consideration if the temperature
of the ambient rises from 288K to 313K. Thermal efficiency rises at lower temperatures, but as the temperature
rises, its value somewhat declines (Nasir et al., 2018). Given that higher air density is derived from a lower
ambient temperature and less compressor effort, improved gas turbine performance —which then results in greater
thermal efficiency—is produced. Higher ambient temperatures, on the other hand, result in less air density and
more compressor work. In this study, compressor work predominates over turbine work, resulting in a decline in
net work done and a potential reduction in thermal efficiency at higher ambient temperatures (Saif and Tariq,
2017).

Ambient Temperature Ts0 = 288 318 (K]
Burner Temperature ZT4 -~ 1350 ... 16560 [K)

1400 p— -
@ ZTa0 = 2
e Zls0 =29
o ZTs0 ~ 208
a ZTs0 = 30
o ZTs0
u 27180
M ZTs0 =

1200

1000

8200

600

Shaft Power Delivered (kW]

400

200 + +
1300 1350 1400

1450 1600  _ 1550 1600 1650 1700
Bumer Temperature ZT4 [K)

Figure 2. Shaft power delivered as a function of ambient temperature and TIT

The impact of the temperature of the ambient and TIT on shaft power is shown in Figure 2. It is clear that for a
given ambient temperature, the shaft power provided increases when the TIT climbs from 1350K to 1650K (Nasir
et al. 2018). However, it is determined that for all ranges of turbine inlet temperature being investigated, the shaft
power provided decreases as the ambient temperature rises from 288K to 318K (Shi et al. 2010). At lower
temperatures, the shaft power delivered is greater, but as the temperature rises, its value somewhat declines.

Table 2. Effect of ambient temperature and TIT on specific fuel consumption (kg/kWh)

AMBIENT TEMPT(K) TIT(K)
1400 1500 1600
288 0.28772 0.28054 0.28154
293 0.29386 0.28263 0.28339
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298 0.30062 0.28518 0.28533
303 0.30868 0.28839 0.28714
308 0.31762 0.29261 0.28901
313 0.32733 0.29785 0.29127
318 0.33772 0.30353 0.29398

Table 2 illustrates the change of ambient temperature and varied TIT on SFC. It has been found that when the
turbine inlet temperature increases from 1350K to 1600K the significance of the specific fuel consumption
decreases until the turbine inlet temperature of 1650K, where an abrupt rise in the value of the SFC is noticed.
However, for a particular TIT, the value of a particular fuel consumption rises as the ambient temperature rises
(Ibrahim and Rahman, 2010). This is because a change in ambient temperature produces an increase in the mass
flow rate of air at the compressor's input (Saif and Tariq, 2017).

4.2 Model validation

The model developed in this study is validated by the actual data obtained from the gas turbine power plant. In
this study, a GE LM6000pc gas turbine plant unit with an installed capacity of 4SMW was selected for the
study. The plant is owned by Dangote Cement Plc-Obajana Plant, Obajana, Kogi State, Nigeria. Operating data
for the gas turbine unit were collected from the control room log sheet. A summary of the operating parameters
of the GE LM6000pc used for this study is presented in Table 3.

Table 3. Operating parameters of GE LM6000pc

Time range Ambient temperature (K) Power output (MW)
04:00 295.4 38.87
06:00 295.4 36.76
08:00 297.1 31.17
10:00 297.1 31.08
12:00 297.6 37.99
14:00 298.2 37.86
16:00 299.8 37.25
18:00 299.8 32.78
20:00 299.3 33.41
22:00 295.9 39.33
24:00 2954 38.88

The parameters considered in this study for the gas turbine engine during simulation are ambient temperature
and turbine inlet temperature.

GasTurbl14 verse Matlab
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Figure 3. Comparison of the effect of ambient temperature on thermal efficiency
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Figure 3 is a comparison between the results from the present study and that of previous work (Ibrahim et al.,
2016) and it reveals an acceptable agreement. It shows the effect of ambient temperature on the thermal efficiency
of the gas turbine. As the ambient temperature increases for a given turbine inlet temperature, the ratio of the

TIT . .
temperatures; - reduces and this forces the thermal efficiency to decrease.
1

5.0 CONCLUSIONS

As the TIT increases for a particular ambient temperature (off-design point), the thermal efficiency and shaft
power delivered increase while the SFC decreases. For a particular turbine inlet temperature at higher ambient
temperatures (other than ISO conditions), the thermal efficiency and shaft power delivered decline while the
specific fuel consumption rises. Lower air density and more compressor effort were the results of greater ambient
temperature. The mass flow rate reduces because gas turbines are machines with a constant volume. The results
of this study have been highlighted, but other areas of performance calculations should be carried out for other
configurations of gas turbines.
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ABSTRACT

Flood frequency analysis is used by water resources professionals to estimate the probability of exceedance
associated with a flood of a given magnitude. The estimation of flood frequencies is important because they are
used for the planning and design of hydraulic structures. This study was carried out to understand the flood-
generating processes and establish the reliability of different probability distribution models in predicting the
bank-full discharge for selected return periods based on the available hydrometric dataset. The designed bank-full
discharge and experimental results of the sampled bed materials at different chainages along the river reach being
used to characterize the river bed materials by comparing the Eugelund & Hansen method, and Meyer-Peter &
Muller method with their established criteria and finally obtain the sediment transport capacity of the River Niger
at Lokoja. The results show that the flood magnitude is highly dependent on the sediment transport capacity of
the river.

KEYWORDS: Bank-full discharge, Flood frequency, sediment transport capacity, morphodynamics, Probability
distribution models

7. INTRODUCTION

Floods are the consequence of natural water exceeding the capacity of removal by the river channel or reservoirs
(Knapp, 1979). Flood discharge in tropical regions is known to be a factor of intensity, extent and duration of
rainfall, and the runoff characteristic of the basin. During precipitation, rainwater is absorbed by the soil, a part is
lost through evapotranspiration and the remaining part is transported as runoff into rivers, streams, and reservoirs.
The capacity of the drainage system of the catchment area to contain the excess runoff water in river channels,
the catchment extent, the velocity of downstream discharge and the presence or absence or retention basins,
determine if the flood water will overspread the natural banks and cause damage to adjoining areas. In the work
of Busari et al. (2013), the Normal distribution model was found most appropriate for the prediction of yearly
maximum daily rainfall in the Evaluation of Best Fit Probability distribution models. Another important aspect of
the research presented here is the impact of deposition and erosion on the flow process. Prediction of the described
process with its entire complexity requires the application of sophisticated mathematical models with several
empirical or subjective assumptions (Brunner, 2016a; Kolerski, 2018; Parker, 2004; Popek, 2006; Wu, 2007). The
most important assumptions seem to be the empirical formulae applied to complete the mathematical models of
sediment routing (Beckers et al., 2018; Osidele et al., 2003; Parker, 2004; Popek, 2006; Radecki-Pawlik, 2014;
Schmelter et al., 2012; Wu, 2007; Yang, 1996). Considerations of morphodynamical processes in the context of
flood hazards are not very frequent. The rare examples found in the literature have been focused on short-term
analyses of direct morphological responses to flood events. These are single-event computations based on simple
deterministic modelling (Lane et al., 2008; Lane et al., 2007; Nones, 2019; Radice et al., 2013; Radice et al.,
2016).

Hydrometric and climatic data are not enough for flood modelling and prediction. A good knowledge of land use
patterns and the behaviour of our river systems is essential. The understanding of a riverbed material and its
hydrology along with the selection of adequate modelling tools will yield a flood prediction of relatively low
uncertainty.

8. THEORETICAL ANALYSIS

Sediment transport is the movement of solid particles driven by fluids like water or wind in rivers, lakes,
reservoirs, and coastal waters. In the real world, the flow is unsteady like flood waves, tidal waves and wind waves
as steady and uniform flows are very rare in reality. In the literature, many formulae use the boundary shear stress
1 (= pghS) to express sediment transport discharge, like Meyer — Peter and Muller, and Engelund and Hansen
(Shu-Quing Yang, 2020). The maximum amount of sediment transported by a river as bed material load is the
Sediment Transport Capacity (STC) and is related to the stream velocity, u. The general STC formula has the
form:

gs = mu® (1)
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where gs is the amount of bed material load per meter of river width (m?/s), m is the proportionality coefficient,
u is the local stream velocity and b is the exponent (values larger than 3). Meyer - Peter & Muller (MPM) equation

is given as:
qsb =8/ AgD3, \/(ub — 0.047)3 ()

where gsb is the amount of sediment transported as bedload per meter of river width (m?%/s), Dm is the mean
sediment grain size (m),

Bedform factor, u-+/(C/C")?

C = Chezy’s coefficient (m'?/s) 3)
C'is the grain-related Chezy’s constant given as:
C' = 18log(12h/Doo) “4)

where Do grain size of 90% passing (m).
Criteria for the characterisation of riverbed materials are given as
(a) ? >1 ; where s = fall velocity (E) ,u = shear velocity (E)
* S S
(b) D> 0.4mm; Dm= mean sediment grain size (m)
(c) ub < 0.2 for Gravel — bed; u = bed factor and 6 = Shields parameter.

For Engelund and Hansen (E-H) equation. In equation (1), b =15 and m is given by:
0.05

e = ©

p
where C is Chezy’s coefficient (m'?/s), psis sediment density (kg/m*) and D is median sediment grain size (50%

of sediment material has a smaller diameter) (m). Criteria for the characterisation of riverbed materials are given
as:

(a) ﬁ <1;

(b) 0.19 < D5g < 0.93mm;

(¢) 0.07< 8 < 6 for Sand-bed.

9. MATERIALS AND METHODS/METHODOLOGY/EXPERIMENTAL PROCEDURE

3.1 Study Area

Lokoja is the capital city of Kogi State in the north-central part of Nigeria. It presents a very important hydro-
geological feature and covers a land area of approximately 3180 km?. The gauging station from which the data
for this study was extracted is located along River Niger in Lokoja. Geographically, it is located at the following
coordinates (08°40°N, 05°20°°E and 07°20°N, 05°20°E, 07°20°N, 06°44’E) North of the equator and East of the
meridian.
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A total of twelve (12) bed material samples were collected from different locations at 50 m intervals downstream
along the riverbed longitudinal profile commencing from the Lokoja Slipway herein designated as chainage 0 +
000. The soil samples were collected at an average depth of 0.5m by disturbed sampling method in accordance
with BS 1377:1 (2016) standard procedure for sample collection. Water samples were also collected from the
riverbed at 50m intervals along the river reach and the following tests were carried out: (a)Specific gravity, (b)
Density of bed material and (c) Soil particle size distribution.

Calculation of Recurrence Interval 7
The annual maximum flood discharge values have been arranged in descending order and the plotting position
for the recurrence interval 7, for each discharge is obtained as:

N+1 22
== ©)

Where m = order number and the discharge magnitude Q plotted against the corresponding 7}, on EasyFit
probability software shown in Figure 2.

The discharge and return period relationship is given in the plotted graph in Figure 2. The fitting equation (7) is
shown as follows:

0 =-1.3194(Tp)* + 712.19(T;) + 16476 (7
The degree of correlation between the parameters is high (R = 0.871)
Substituting the following return periods (30, 40, 50, 60, 70, 80, and 100) 7}, values in equation (7) we have the
maximum flood discharge (Qmax) corresponding to each return period.

20000

Q{m3Js)

:

[==]
M

10 15 20 25

Raturn Period (Tp) Year

Figure 2. Graph of Discharge and Return Period

Table 1: (Q -Tp) Relationship
Return Period (Tp) years) 30 40 50 60 70 80 100

Flood discharge Q (m*s) 36654 42853 48787 54458 59864 65007 74501

10. RESULTS AND DISCUSSION

4.1 Results

Particle size analysis was conducted on the twelve (12 Nos.) material samples taken from the Lokoja gauge

station, and the result so obtained for particle size (Dso) and Specific Gravity (GS) is presented in Table 2.
Table 2: Experimental results of soil

sample
Samp 0+00 0+050 0+050 O0+10 O0+150 0+150 0+20 0+250 0+250 0+30 O0+35 0+40
le No. 0 A B 0 A B 0 A B 0 0 0

Dso 035 035 035 035 0.28 035 035 035 035 035 035 035
SG 244 275 242 2.6 2.66 267 252  2.68 221 263 2.63 2.62

The hydrometric dataset used in the research was extracted from the Nigerian Inland Water Authority (NIWA)
and is presented under Appendix 1. The probability distribution function for the dataset comparing Cauchy, Gen.
Logistic, Log-Logistic, Log-Logistic (3P), Log-Pearson 3 and Wakeby methods, is presented in Figure 3.
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Figure 3: Probability distribution function for six (6) methods

Parameters for calculating the sediment transport and characterizing the riverbed channel by comparing the
methods of Engelund & Hansen and Meyer-Peter & Muller with their established criteria are presented in
Appendix 2. While the computed STC for the selected return periods and some river reaches is presented in
Appendix 3.

4.2 Discussion of Results

The result of particle size distribution carried out on the 12 soil samples from the Lokoja gauge station shows that
the bed materials are predominantly Sandy as a greater percentage of the materials fall within the region.

For the hydrometric data, the probability distribution for the selected recurrence intervals (Tp = 30, 40, 50, 60,
70, 80, and 100years) was plotted for six (6) models; Cauchy, Gen. Logistic, Log-Logistic, Log-Logistic (3P),
Log-Pearson 3 and Wakeby. The reliability of the probability distribution as a fitting model has been tested using
the statistical tests known as goodness of fit and found to be significantly correct. The statistical tools prescribed
in the Easy Fit software have been used for the statistical analysis. The generated variables were used to determine
how well the correlation coefficient and coefficient of determination best fit the models. From Figure 3, the best-
fit model for the Lokoja gauge station is the Cauchy distribution model.

The parameters for calculating the sediment transport capacity (STC) were computed and presented in Appendix
2 for the selected recurrence intervals (return periods) and for the chainages according to the river reaches where
samples were collected. For (Tp = 30) return period, the critical parameters for characterizing the river channel
by methods of Eugelund & Hansen and Meyer-Peter & Muller with their established criteria are as follows:
ws/u* =0.4720 < 1; Dso = 0.35 > 0.19 and < 0.93mm; 8= 3.8588 >0.17 and < 6. These parameters satisfy the
Eugelund & Hansen criteria for all the river reaches (chainages). Similarly, other selected return periods of 40,
50, 60, 70, 80, and 100 years also satisfy the E-H criteria and hence the channel is classified as a Sand-bed.
Conversely,

the riverbed materials did not comply with MPM criteria.

From Appendix 3, the relationship between the selected return periods which is a function of the discharge, Q and
the calculated sediment transport capacity is linear and therefore clearly indicates that the flood magnitude is
highly dependent on the sediment transport capacity of the river.

5. CONCLUSION

Flooding in a river system can be better described by understanding the morphodynamics (bed-level formations
and changes). With this research paper as reference material, a full understanding of fluvial flooding in Nigeria
based on the morphodynamics of our river system is assured under the present-day climate change scenario. The
results obtained from the computations show that the river flood magnitude is highly dependent on the sediment
transport capacity of the river.
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To understand the behaviour of our river system viz a viz the rainfall magnitude and discharge, it is worth noting
that mining activities especially sand mining in our river channels cause a change in slope and thereby alter the
behaviour of the river system. While erosion of the riverbed will translate to some advantage against flooding, the
reverse is the case for huge and long-term deposition on the river floor bed which tends to reduce the river depth
and by extension the carrying capacity of the river channel and thus leading to flooding.

Detailed studies are recommended on all the major rivers in Nigeria to characterize each river channel based on
their discharge, slope, and bed materials (whether it is gravel-bed or sandy-bed material).

With this, we can fully estimate the sediment transport capacity of our rivers, predict erosion (or accretion), and
deposition due to upstream release of water and propose viable river engineering measures rather than assuming
dredging as usual. Flood intervention measures should be based on short and long-term assessments of the
morphodynamics of the rivers, not by a mere assumption.
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APPENDICES

Appendix 1. Annual Maximum Discharge (cumecs)

Year July August September October November December
2000 8188 14640 18225 16531 6073 3201
2001 0 0 17713 18885 7863 3364
2002 0 0 14939 13003 3201 3227
2003 9000 12123 18106 19025 13003 4265
2004 8625 13818 16098 15292 6724 2811
2005 7079 11062 13026 13792 9120 3392
2006 5422 8923 17599 19389 10710 3742
2007 7044 15650 19831 19831 10855 4110
2008 6759 14366 20426 19695 9920 4265
2009 9960 15140 19695 20534 15650 6481
2010 8311 14199 19806 21272 17940 5345
2011 4416 9080 16830 17340 14150 3915
2012 14102 18080 29815 32150 16079 4850
2013 8809 9120 15727 16396 9560 3582
2014 7560 14660 17512 19941 11376 4356
2015 7079 11062 13026 13792 9120 3393
2016 12079 17571 18225 19279 5826 3201
2017 8694 18139 19941 19941 10855 4110
2018 10360 18106 19695 20534 15446 6481
2019 10421 15652 32441 32860 16646 5171
2020 10887 14725 19520 20534 15650 3960

Source: Extracted from NIWA’s gauge record in Lokoja and Adjusted with Rating Curves

Appendix 2. Parameters for calculating STC

Tp(yrs) u=Q/Bh  C=uAhhi u os/u* Din ué Dso 0
30 24766 203.577  3.8909  0.4720  0.0035 142791 0.35 3.8588
40 25.707 199.103  3.7004 04107  0.0035  14.2791 0.35 3.8588
50 26.443 194.675  3.5271 04227  0.0035 129117 0.35 3.6607
60 27.026 190392 33698  0.4045  0.0035  13.4726 0.35 3.9980
70 27.498 186.371 32290 03892  0.0035  13.9475 0.35 43194
80 26.443 194.675  3.5271 04227  0.0035 129117 0.35 3.6607
100 28.478 176.078  2.8919  0.3550  0.0035  15.0104 0.35 5.1905

Appendix 3. STC (m%/s) for Selected Return Periods and Reaches
River Reaches (Chainages)

0+000 0+050A 0+050B 0+100 0+150A 0+150B 0+200 0+250A
30 0.1255 0.2120 0.1396 0.1772 0.1526 0.1931 0.1399 0.1954
40 0.1617 0.2189 0.1441 0.1830 0.1182 0.1994 0.1544 0.2018
50 0.1992 0.2941 0.1937 0.2459 0.2117 0.2679 0.2219 0.2711
60 0.2375 0.3281 0.2160 0.2742 0.2361 0.2988 0.2646 0.3023
70 0.2761 0.4077 0.2684 0.3408 0.2935 0.3713 0.3076 0.3757
80 0.1992 0.2941 0.1937 0.2459 0.2117 0.2679 0.2219 0.2711
100 0.3900 0.4262 0.2806 0.3563 0.3068 0.3881 0.4346 0.3928

Tp
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ABSTRACT

Food processing encourages safe preservation and provides opportunities for the production of several types of
diets. In Nigeria, some foodstuffs are commonly processed in the dried or wet form to powder or paste using an
abrasive cutting process involving cast-iron discs. Despite the popularity of this method, metallic and non-metallic
contaminants including heavy metals such as cadmium and lead that are detrimental to human health are
introduced. Consequently, this study systematically determined the presence of metallic contaminants in ground
maize grains, which were processed under dry and wet conditions. Locally available grinding discs manufactured
using different furnaces were used to assess the quantity and composition of these contaminants. Irrespective of
the disc type, different quantities of contaminants were found in the ground food grains. The discs manufactured
using a pit and rotary furnaces generated the highest quantity under wet and dry grinding conditions, respectively.
These metallic contaminants were found to contain heavy metals such as lead (< 0.316 mg/kg), cadmium (< 0.024
mg/kg), chromium (< 0.016 mg/kg), copper (< 0.880 mg/kg), manganese (< 0.624 mg/kg) and zinc (< 0.006
mg/kg).

KEYWORDS: contaminants, heavy metal, grinding, cast iron discs, metal particles, ground food

1. INTRODUCTION

Foods are edible materials that provide nutrients, energy, protein, vitamins, and minerals for human growth and
development. They are essential for the replacement and repair of cells and provide the body with the necessary
energy to function and fight against diseases. Food processing provides the opportunity to eat a greater variety of
diets and encourages safe food preservation and packaging. Many dried or dehydrated food processing methods
require milling (machining using rotary cutters) or grinding (abrasive cutting using grinding discs) the raw
materials to flour/powder form under wet or dry conditions. Other methods involved crushing (pulverization by
compression force), granulation (grains or granules formation from solid raw materials), pulverization (reduction
to powder by hammering or grinding), and mixing (mechanical dispersion to attain homogeneity) (Gao et al.,
2020, Ortega-Rivas et al., 2006). These methods offer the benefits and economic advantages associated with
reduced volume/weight, convenience, packaging, handling and transportation, improved bioaccessibility, and
greater nutritional value (Gao et al., 2020; Ortega-Rivas et al., 2006). More importantly, it ensures that the
preserved food is maintained in dried form for future utilization. However, bad food processing strategies can be
detrimental, leading to various challenges such as elevated cholesterol, obesity, certain cancers and digestive
issues like Crohn's disease (Joardder and Masud, 2019).

Grinding is an ancient technique of particle size reduction that mechanically produces powders via impact,
compression, shear, and cutting (Aradwad et al. 2021). It is an energy-intensive process in which solid food
substances are broken down into fine particles (Jung et al., 2018). The food materials produced using this
procedure are chemically and microbiologically stable and convenient for future use. The use of grinding
machines equipped with cast iron discs is a popular method of food processing in Nigeria. Many households rely
on this method to prepare grains as a paste or dried powder. Despite its commonality, this food processing method
may not be safe as the grinding mechanism depends on the energized rubbing of two grinding discs, which often
leads to the incorporation of metallic and non-metallic contaminants, and even heavy metals that are detrimental
to human health (Cancer, 2012). This possible health risk, demands detailed quantitative and qualitative analyses
of contaminants introduced into food prepared using such a procedure.

This present study involved a wholesome approach directed towards quantitative and qualitative assessment of
metallic contaminants introduced into ground food under wet and dry grinding conditions. Moreover, the present
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investigation considered the use of various grinding discs that are locally available for purchase in Nigeria,
including imported ones. These discs are produced based on various manufacturing methods namely: cupola, pit
and rotary furnaces. The selected discs were typically produced by semi-skilled artisans, who are not
knowledgeable about the science of metallurgy and casting but possessed foundry experience, which has been
acquired over a long period. Consequently, quality assurance of these locally produced discs is usually not carried
out since the workers have no code of practice. Government regulations that are supposed to guide their production
and usage are also not enforced. This may be due to a lack of adequate data, information and awareness on the
nature of contaminants generated in food during processing with such grinding machines. In addition, previous
investigations do not involve a systematic approach to the grinding procedure and retrieving of the metallic
contaminants from the ground food. The information provided in this study is expected to prompt a series of other
investigations to address the menace of food processing using grinding machines in line with SDG No. 9.

2. EXPERIMENTAL PROCEDURE

2.1 Materials

The grinding discs used in this study were sourced from local markets in the Southern region of Nigeria. Ten
pairs of grinding discs produced using cupola, pit and rotary furnaces were purchased from six different

manufacturers. The discs were designated as shown in Table 1.

Table 1. Different grinding discs and samples designation

Samples Designation

RIL Grinding discs produced using a rotary furnace and sourced from Ilorin
ROS Grinding discs produced using a rotary furnace and sourced from Osogbo
RIW Grinding discs produced using a rotary furnace and sourced from Iwo
PIL Grinding discs produced using a pit furnace and sourced from Ilorin
C1w Grinding discs produced using a cupola furnace and sourced from Iwo
ID Imported grinding discs produced from India and sourced from Ilorin

2.2 Processing of maize grains under wet and dry conditions

The food grains were ground under wet and dry conditions. Regarding wet grinding, 10 kg of dried maize was
soaked with deionized water for three days in a 30 litres capacity bucket. After three days, the water was decanted
and the soaked weight of each food sample batch was determined as appropriately 10.3 kg. To ensure the
reproducibility and uniformity of the grinding procedure, certain parameters including the discs’ gap tightening
sequence (using marked screw threads) and grinding time (18 minutes, 15 seconds) were kept constant. The
grinding was done with 5 litres of water. A similar procedure and grinding conditions were employed to process
the maize under a dry environment without soaking the maize in water or introducing water during grinding.
Before installation and usage, the grinding discs’ surfaces were grooved with the aid of a grinding disc, cleaned
with a wire brush and later fixed on the locally fabricated grinding machine.

2.3 Quantification of magnetic contaminants

Scavenging devices were fabricated to trap magnetic contaminants from the ground food using the
ferromagnetic principle as shown in Figure 1. The neodymium permanent magnets used were enclosed within the
acrylic sheets to ensure they do not have any contact with the ground maize. Under the wet condition, the magnetic
bed was kept below the flow of the food paste, while it was placed above the dry food powder. Each batch of
ground food was run through the scavenger inclined at 23° for three cycles.

Regarding the scavenging process, the magnetic bed trapped the contaminants after which the device was
dissembled with the magnetic bed initially in place to retain the scavenged particles at the upper layer of the
curved acrylic sheet before it is removed. Thereafter, the contaminants were recovered using a neodymium
permanent magnet wrapped with polyethylene film. The magnet was again separated from the film and the
recovered contaminants were weighed after each cycle, kept in a sample bottle and later summed up to give the
total amount of recovered magnetic contaminants per each grinding.
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inlet Permanent magnet outlet

stand Permanent magnet

Figure 1. The scavenging device used for separating the magnetic contaminants from ground food.
Characterization of metallic contaminants

A BUCK Scientific ACCUSYS 211 Atomic Absorption Spectrophotometer was used to detect the presence
of some heavy metals in the contaminants recovered from ground maize processed under dry grinding conditions.
Regarding the analysis, a 10 ml mixture of concentrated HNOs; and HCI in 3:1 was used to digest 0.05 g of
contaminants scavenged from different batches of ground food. After digestion, the solution was diluted with the
addition of 90 ml of distilled water and filtered with Whatman 1 filter paper. The filtered liquid solution was
analyzed to detect the presence and relative quantity of Pb, Cd, Cr, Cu, Mn, and Zn. The analysis was conducted
twice and the reported results represent an average value.

3.  RESULTS AND DISCUSSION
31 Magnetic contaminants

Firstly, the efficiency of the scavenging devices used in the recovery of magnetic contaminants from the
ground food was determined as approximately 85%. The determination was done by introducing a known quantity
of metallic contaminants, which were previously generated from the discs during grinding into a known quantity
of ground maize. Thereafter, the number of recovered contaminants after running the ground food through the
scavenger three times was divided by the initial amount that was introduced into the food and multiplied by 100.
Figure 2a shows the quantities of magnetic contaminants generated during the wet grinding of soaked maize grains
with various cast iron discs that were produced using rotary, pit and cupola furnaces. Irrespective of the discs’
type, significant amounts of contaminants were recovered after sequentially grinding the grains for 18.25 minutes.

PIL discs, which were produced using a pit furnace and sourced from Ilorin generated the highest quantity of
contaminants. The smallest amount of such inclusions was recovered when ROS discs (sourced from Osogbo and
produced using a rotary furnace) were used for grinding the grains. More so, one of the tightening nuts got loosed
and was ground into the food while processing the grains with ROS discs. The nut contribution to the overall
quantity of recovered contaminants during this batch of experiments was determined by subtracting the weight of
the recovered nut from the initial nut weight. This scenario typically occurs during food processing with the locally
fabricated grinding machine. The results obtained in this investigation reinforced earlier submissions about
metallic inclusion in ground food (Normanyo et al., 2010; Odusote J. K., 2017) and further assert that their
presence is independent of the type of cast iron discs that may be installed on such grinding devices. Nevertheless,
the results showed that the chemistry and structure can influence the number of metallic contaminants generated
in the ground food. This observation was based on the difference in the number of recovered contaminants for the
different discs type despite the similarity in grinding conditions. As expected the discs’ structure and composition
will affect properties such as wear and hardness (Kwofie S. and Chandler H. D., 2006), which will determine their
performance in service. These contributions advance existing knowledge on the subject matter. Figure 2b is a
representation of the contaminants which were recovered using a neodymium permanent magnet wrapped with
polyethylene film.

However, under dry grinding conditions, the number of contaminants generated in the ground food increased
(Figure 3). It should be noted that the comparison between the number of contaminants based on wet and dry
grinding did not consider continuous usage over a long period. Under such circumstances, disc corrosion in
synergy with wear may contribute to metal loss in a wet grinding condition. For all the investigated discs, the
quantity of recovered magnetic particles/chips increased compared to when wet grinding was used to process the
maize grains. Friction is the main mechanism responsible for food pulverization by grinding. In addition, the
environment (grinding) plays a significant role in the abrasive wear rate of metallic materials (Gao et al., 2020).
Therefore, the presence of water during grinding serves as a lubricant, which reduced metal loss during the wet
grinding operation (Wirojanupatump and Shipway, 1999). Consequently, the higher number of magnetic
contaminants during the dry grinding can be attributed majorly to the lack of lubricating effect by water.
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Nevertheless, some other factors such as an increase in temperature due to friction during grinding, and the
constituents of the grinding discs could also influence the discs’ wear performance. As expected, the quantity of
magnetic contaminants generated into the ground food under dry grinding conditions varied for the different cast
iron discs. In this instance, the least number of contaminants was introduced by PIL discs while the highest
quantity was produced by RIL discs, which were manufactured using pit and rotary furnaces from Ilorin,
respectively. It is not very clear why the discs produced using a pit furnace perform better under this condition.
Nevertheless, the compositional analysis of contaminants resulting from the usage of these discs showed that the
PIL disc has the highest amount of calcium. Calcium has been reported to possess the ability to induce spheroidal
graphite generation in cast iron (Oluwole, 2007). The presence of graphite nodules within the microstructure of
such cast iron will enhance its wear resistance. This observation may be responsible for the better performance
exhibited by the discs (PIL discs).

magnetic contaminants from grinding discs
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Figure 2. Magnetic contaminants generated from different locally sourced discs during wet grinding for 18.25

minutes (a), and a sample of magnetic contaminants recovered from ground food using a permanent magnet wrapped with a polyethylene
sheet (i) and microstructural image (ii) obtained using an Amscope optical microscope (b).
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Figure 3. Magnetic contaminants generated from different locally sourced discs during dry grinding for 18.25
minutes.
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3.3 Analysis of heavy metals in magnetic contaminants from ground food prepared using various
grinding discs

There are about twenty-three heavy metals that in large quantities will be harmful to humans (Jaishankar et
al., 2014). Heavy metal toxicity can impair the functionality of some important organs such as the brain, lungs,
kidneys and liver (Jarup, 2003; Jaishankar ef al., 2014). Long-term exposure to them can cause neurological
degenerative processes that can lead to multiple sclerosis, Parkinson's disease, Alzheimer's disease and muscular
dystrophy while their compounds may be carcinogenic (Jarup, 2003).

Table 2 shows AAS results for different samples of recovered magnetic contaminants. The results showed that
food processed using locally fabricated grinding machines can be a contributory source of heavy metal intake in
humans. Consequently, attention must be given to the processing of food grains with such machines having cast
iron grinding discs installed in them. More so, the recovered metallic contaminants are not present in mineral or
dietary form and may therefore constitute a major health hazard. Nevertheless, the analysis and comparison in this
study were based on information available regarding the consumption of such heavy metals in their dietary form.
Regarding this study, the presence of lead (Pb) was detected in contaminants generated from the usage of CIW,
RIL and ROS discs. RIL contaminants presented the highest Pb value of about 0.3169 mg/kg. Sub-Saharan
Africans consumed up to 450 g/person/day of maize (Ekpa et al., 2019). Consequently, an adult in Nigeria may
consume about 3.2 kg in a week. Based on earlier results (section 3.1), 0.5216 g of magnetic contaminants were
recovered when 3.2 kg of maize grains were ground using RIL discs. This quantity of contaminants contained
about 0.00016 mg of Pb. The tolerable weekly intake of Pb has been reported as 0.025 mg/kg body weight
(Witkowska et al., 2021). The average body weight of an adult in Nigeria is 72 kg, which implied that the
maximum tolerable intake of Pb per week is 1.8 mg. This indicates that the detected Pb quantity is within the
permissible limit. However, it must be noted that this is only coming from a single food source. Cadmium is
another heavy metal that was detected during the analysis of contaminants recovered from food processed using
all the investigated grinding discs. The maximum value of this metal was recorded in contaminants recovered
from food processed using RIL discs. The tolerable weekly intake value of Cd has been reported as 0.007 mg/kg
body weight (Witkowska e al., 2021). According to the earlier submission, the detected value will imply a weekly
consumption of 1.25 x 10° mg of Cd, which is within the permissible weekly consumption value. Chromium can
exist in trivalent or hexavalent form in the environment and its hexavalent form has been reported to be toxic and
carcinogenic (Giirkan et al., 2017; Witkowska et al., 2021). Nevertheless, the tolerable upper intake level of
chromium has not been established. In this study, 0.01612 mg/kg and 0.00950 mg/kg of Cr were detected in ID
and ROS contaminants, respectively. The recommended maximum daily intake of copper for adults, which is
based on liver damage protection is 70 mg/week (Trumbo et al., 2001). Similarly, the recovered contaminants
will only contribute 0.00042 mg when an adult consumed 3.2 kg of maize ground under dry conditions using RIL
discs whose contaminants contained the highest quantity of copper in this study. Compared to the permitted intake,
copper consumption through food processed with the grinding machine that has these installed cast-iron discs is
not significant. Manganese is another heavy metal that was detected in the recovered magnetic contaminants. This
element was discovered in all the analyzed samples and the highest quantity was found in those recovered from
food processed using ID discs. The tolerable intake level of zinc in the human body is 40 mg/day (Saper and Rash,
2009). This element was only detected in magnetic contaminants recovered from maize grains processed using
ID discs and its value was not significant.

Table 2. Heavy metals present in recovered magnetic contaminants from ground food

Pb (oo Cr Cu Mn Zn
Sample Code
mg/kg

ciw 0.08182 0.018182  0.00000 0.880165 0.20992 0.00000
ID 0.0000 0.021901 0.01612 0.607851 0.62479 0.00661
PIL 0.0000 0.014463 0.00000 0.715702 0.48760 0.00000
RIL 0.31694 0.023967 0.00000 0.80124 0.49298 0.00000
ROS 0.00579 0.018182  0.00950 0.564463 0.42314 0.00000
RIW 0.0000 0.021074 0.00000 0.500413 0.41901 0.00000

4. CONCLUSION
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The presence and characteristics of magnetic contaminants recovered from maize processed under wet and dry
grinding conditions using a locally fabricated grinding machine installed with cast iron grinding discs were
investigated in this study. The results showed that the use of cast iron discs in food processing led to the
introduction of metallic contaminants containing heavy metals such as lead, cadmium, chromium, manganese and
zinc into the ground maize grains, which may be detrimental to human health. The presence of these contaminants
was also found to be independent of the disc types, which were manufactured based on different production routes.
More so, different quantities of contaminants were introduced into the processed food depending on the grinding
conditions and type of discs. The highest quantity of contaminants was recovered from maize ground under dry
conditions due to the lack of lubrication provided by wet grinding. Consequently, the study point to the need to
regulate the production of cast iron discs that are used in food processing. Currently, there is no stipulation guiding
important steps such as scrap selection and choice of melting furnace in the manufacturing of such grinding discs.
The lack of regulation can constitute a major health hazard, which may hinder the realization of SDG No. 9 in
developing nations like Nigeria.
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ABSTRACT

Radiofrequency power amplifiers are crucial components of communication networks. The inherent nonlinearity
of these components causes in-band distortion, which worsens bit-error-rate performance, and spectrum regrowth,
which causes interference in adjacent channels. Out-of-band emission requirements set by regulatory bodies are
essentially violated by these distortions. At the output of the power amplifier (PA), crosstalk exists between the
antenna branches due to mutual coupling and nonlinear distortion within the transmitted signal. Harmonic
distortion is a result of the complexity of modern signal processing techniques and the nonlinear nature of PAs.
For high spectral and power efficiency, PAs must operate linearly. Electronic isolators between PAs and antennas
can prevent this crosstalk. However, they do not meet the design requirements of modern composite systems.
They are rather avoided to achieve a suitable form factor. Very useful linearization strategies are therefore
presented and discussed in this survey. The effectiveness of PAs, as well as the complexity and constraints of the
system, are always taken into account while choosing the linearization approach. These are effective ways to
linearize transmit signals from PA output. The techniques are found effectively suitable in all domains while
maintaining the acceptable adjacent channel leakage ratio level.

KEYWORDS: Crosstalk, Distortion, Linearization, Massive MIMO, RF Power Amplifier, 3GPP.

1. INTRODUCTION

The escalating need for higher data rates, spectrum efficiency, and low cost have all been significant problems
with cellular communication technology over the years. This demand is growing rapidly as wireless device
deployments rise. Numerous radio technologies have also been created to manage the plethora of data-hungry
applications that are constantly expanding. One of these essential technologies is massive MIMO (massive
multiple input multiple outputs), also known as the advanced antenna system (AAS). Massive MIMO uses
hundreds of small, tightly spaced antennas (Suryasarman & Springer, 2015). A representation of the layout is

provided below in Figure 1.

o Receiver
Data Source [—] ]\.”M -
Precoder

Figure 1. Multiple Input Multiple Output (MIMO) Structure

By using numerous transmitting and receiving antennas, multiple-input and multiple-output (MIMO) radio
antenna technology makes use of multipath propagation. By establishing numerous signal paths to transmit the
data and choosing specific paths for each antenna, a radio link's capacity can be greatly increased (Bland, 2016).
In early developments, MIMO was initially defined as the use of numerous antennas at the transmitter and
reception points. The concept is now acknowledged as a practical way to transmit and receive numerous data
signals concurrently over a single radio channel using multipath propagation. High data rate broadcasting can be
achieved by breaking a high-rate signal into several low-rate signals and sending them from transmitters that are
spatially apart. Each receiver uses a variety of antennas to pick up the different cochannel signals that arrive from
different angles. The radio frequency (RF) power amplifier (PA) of each transmitter branch, whose simple
structure is shown in Figure 2, is crucial to the successful operation of numerous antenna systems. Its task is to
increase the sent signal's power to a suitable degree for transmission. Due to its low strength, the produced signal
needs to be amplified. This amplification is essential to account for channel route loss between the transmitter and
the recipient.
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Figure 2. Radio Frequency Power Amplifier

Several technical issues arise at the power amplifier node in communication branches. These include nonlinear
behaviour, perceptible signal distortions, and other kinds of interference that degrade the system's general
functionality and the signal transmission's integrity (Brihuega et al., 2019). The distortions and irregular behaviour
lead to crosstalk and mismatch (Hausmair et al., 2018).

2. THEORETICAL ANALYSIS

To handle both the high data rate and spectrum efficiency issues, newer modulation techniques like Wideband
Code Division Multiple Access (WCDMA), Quadrature Amplitude Modulation (QAM), and Orthogonal
Frequency Division Multiplexing (OFDM) have been developed. However, the result is a complex signal with a
non-constant envelope, and a high peak-to-average power ratio (PAPR) (Jiang & Wu, 2018). At large PAPRs,
power amplifiers exhibit nonlinear behaviour, as shown in Figure 3 as signal power fluctuation. The enhanced
signal displays spectrum regrowth in such a case (Menon, 2016). This is considered a violation of the Third
Generation Partnership Project (3GPP) specifications, which specify the highest allowed adjacent channel leakage
ratio (ACLR) for mobile communication protocols (Al-qamaji & Abdalrahman, 2019).

Peak power

Power

PAPR

Average
I I f Wl
power I P AR AW n § VLT '™ GATUL AV AT Ve I

Time

Figure 3. Power Fluctuation of Signal with High PAPR (Cheaito, 2017).

If the PAPR is strong, a high linear power amplifier is required at the transmitter. The linearity requirements can
be met by lowering the PA far below its saturation limit. This leads to poor power efficiency which is especially
unwanted in a mobile transmitter (Wan et al., 2015). Figure 4 below depicts the output response of PA.

128



Conference Proceedings, 1" Faculty of Engineering and Technology Conference (FETiCON 2023), Jun. 5 - 7, 2023,
University of Ilorin, Nigeria

% 1 dB compression

30

28 -

26 -

~ - &

20 -

18 |

QOutput dB

14 -

12 |

10 | "= 5
-20 -15 -10 -5 o

Inout dB

Figure 4. Power Amplifier Output Response.

When the PA is pushed above the linear zone, nonlinear distortion effects occur. Nonlinear distortion, which also
creates harmonics and intermodulation signals outside of the intended frequency range, makes it more difficult to
receive the signal. These unwanted distortion products, especially in adjacent frequency bands, conflict with other
radio interface users (Jantunen, 2016). Both the 4G with MIMO and the 5G with massive MIMO have these
naturally unfavourable effects, such as nonlinear before-PA, crosstalk on the transmitter side, and antenna
crosstalk on both sides. Operation regions of the power amplifier are shown in the characteristics graph of figure
5. Power amplifiers must be run close to the compression region in order to achieve high power efficiency, which
inevitably causes non-linear distortion of the output signal. Crosstalk is thus one of the challenges in the design
of MIMO transceivers. It is present between different transmit and receive paths that are built in a single chipset
(Bassam et al., 2019).
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Figure 5. Power Amplifier Characteristics: Linear, Compression and Saturation Zones.

For situations where real antenna arrays driven by power amplifiers are not physically built, effective simulation
environments are accessible. MATLAB, SIMULINK, and CADENCE are a few of them. These programming
environments can be used to model, simulate, and evaluate dynamic systems and are all-purpose. Particularly for
visualizing data and functions, working with matrices, and implementing algorithms, they offer a superior user
interface. Mathematical tools as given below are some of the useful computational apparatus that can provide
essential parameters where necessary:

1. Volterra Series: The finest methods for capturing and modelling the behaviours of nonlinear systems and
functions are the Taylor and Volterra series. Taylor series can easily approximate the response of a
nonlinear system to a specific input if the output of the system depends on the current value of the input.
The Volterra Series is a functional extension of a dynamic, nonlinear, and time-invariant system. Because
it can account for the memory effect, it is always simplified to a Memory Polynomial (MP) model
equation.

il. Normalized Mean Square Error, NMSE: This is a figure of merit that provides a measurement for the
model accuracy and in-band distortion. It gives the difference between the actual measurement and the
desired received signal. NMSE is determined using equation 1.
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Tnsglva(m)-y(m)?
NMSE(ydesired_yactual) = m (1)
Y(n) denotes the measured signal at the output of the amplifier and Ya (n) is the desired output signal.
iii. Adjacent Channel Leakage Ratio, ACLR: When a power amplifier is fed a wide band transmission signal,
the output shows a noticeable frequency regrowth. This effect is also known as out-of-band distortion.
This can be precisely captured and compared to known ACLR values from important performance
indicators provided by standard organizations with the appropriate simulation tools. The ratio between
the main signal and the power intermodulation signal is an indicator of quality. It can be defined as the
ratio of the transmitted signal's power in the main or desired channel to that of the channel next to it as
shown in equation 2.
Tow g Y ODI2aF
ACLR = ———— 2)
Tow,, ., Y COI2arf
Where Y(f) is the transmitted signal in the frequency domain, BWag is the signal bandwidth of the
adjacent channel and BWmain is the signal bandwidth of the main channel. Both signals are assumed to
have the same bandwidth.
iv. Least Square Method: This is generally a standard approach in regression analysis to approximate the
solution of overdetermined systems by minimizing the sum of the square of the residuals made in the
result of every single equation.

3. LINEARIZATION TECHNIQUES

Very nonlinear power amplifiers are used to drive the antenna components in communication systems and
networks, resulting in significant nonlinear distortion (Brihuega et al., 2019). The radio frequency output signal
exhibits spectrum regrowth due to the power amplifier's nonlinear behaviour in the frequency domain. Digitally
modulated signals' spectrum widening creates neighbouring channel interference. In addition to spreading the
transmitted spectrum, distortion also produces intersymbol interference, which increases the bit error rate (BER),
thus contravening FCC regulations and 3GPP guidelines. This suggests that components such as power amplifiers
and other parts must be linear. But for PA to display power efficiency, it must be operated in the nonlinear region.
Using linearization techniques, this highly desired linear amplification is attained. The pre-distortion approach,
the feedback method, and the feed-forward method are the three primary linearization techniques. These primary
classes also have further variations as shown below. Figure 6 shows the linearization techniques.

Linearization Techniques

Pre-distortion Methods Feedforward Methods Feedback Methods

RF Feedback

Modulation Feedback

Cartesian Feedback

Polar Feedback

Figure 6. Linearization Techniques

3.1 FEEDFORWARD METHOD

This approach adds the radio frequency power amplifier output distortion to the PA output in the opposite phase
after being extracted and amplified. Over time, this eliminates the distortion. Due to the error amplifier's high-
power requirements and necessity for linearity, the approach has a low power efficiency (Goyal & Gupta, 2015).
The couplers also cause a loss of power. The advantage, though, is in its capacity to lower distortion over a broad
bandwidth. Also, the technique involves both phase and gain modifications, which makes implementation
extremely challenging. The block diagram is displayed in figure 7.
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Figure 7. Block Diagram of Feedforward Linearization Technique (Cheaito, 2017).
3.2 FEEDBACK METHOD

One of the easiest methods for linearizing power amplifiers is the feedback technique. The goal is to make the
output adhere to the PA's input. The controller, as depicted below, feeds back a portion of the output signal from
the PA (Yadav, 2016). This is taken away from the power amplifier's input signal. As a result, the output is
effectively optimized to be a linear and amplified representation of the input signal. Polar and Cartesian feedback
are subtypes of the two fundamental types, RF feedback and modulation feedback as shown in Figure 8.

PA

Input Output
<+ :
g

Feedback
controller

Figure 8. Feedback Linearization Method.
3.3 DIGITAL PRE-DISTORTION METHOD

The goal is to expand the input signal before the power amplifier so that the non-linearities caused by the PA can
be balanced out (Kenney et al., 2015). To make the combined transfer characteristic of the RF power amplifier
and the nonlinear device before it, linear, the notion entails the inclusion of the nonlinear element. Predistortion
can be accomplished at either RF or baseband.

u y

DPD X PA u

X u )
y
DPD+PA X

Figure 9. Principles of Pre-distortion Method (Guan & Zhu, 2017).
4. CONCLUSION
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The crucial and inherently nonlinear behaviour of radio frequency power amplifiers was examined in this paper,
as well as the long-term impact on performance estimation of modern antenna systems used in communication
networks. Power amplifiers are essentially nonlinear devices, and the signal processing methods also clearly show
that there is signal distortion. The bit-error rate is lowered by the in-band distortion and out-of-band distortion
results in spectrum broadening, which causes interference in adjacent channels. By correctly activating the power
amplifiers in every transmitting branch such that their output signals are linear and amplified versions of the input
RF signal, energy and spectrum efficiency as well as overall system performance are significantly improved.

A figure of merit called the adjacent channel leakage ratio (ACLR) shows the proportion between the main signal
and the power intermodulation signal. Comparisons can be made between the out-of-band distortion measured
using the proper simulation tool and data from common regulatory organizations like the third-generation
partnership project (3GPP). The details presented in this paper adequately provide very insightful and generic
linearization concepts to the researchers in the field. The strategies that were just explained have their respective
pros and disadvantages. System complexity and application area are the deciding factors for any technique
selection.
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ABSTRACT

Episodes of urban air pollution in Africa have received less attention than in the rest of the world. This study
investigated the concentration variations of gaseous pollutants (CO, NOz, SOz, NH3, TVOCs, and ground level
03) and Particulate Matter (PM1, PM2.s, PMio & TSP) during the rainy and dry seasons at 25 traffic intersections
(TIs) within Ibadan. The daily rush and non-rush hour concentrations of pollutants were monitored. Cancer risks
(CRinn) and epidemiology-based mortality estimates using Relative Risk (RR) and Attributable Fractions (AF)
linked with PM2.s and PMio exposure were evaluated. The non-cancer risks via inhalation for CO, NO2, SO2 and
ground level O3 were assessed using Hazard Quotient (HQ). The mean concentrations of PMi, PMas, PMio &
TSP in the dry season were higher than in the rainy season by 53.24%, 132.20%, 360.49% and 365.83%,
respectively. The dry season had the highest ER and AF mortality estimates from PMa2.s and PMio exposures
compared to estimates during the rainy season. Health risk assessment over the study period showed that CRinn of
PMz5 was tolerable while HQinn of SO2 was above 1 indicating significant non-cancer risks at TIs in Ibadan.

KEYWORDS: Gaseous Pollutants, Particulates, Traffic Intersection, Seasons, Rush and Non-rush hour, Health
Risk.

1. INTRODUCTION

Air quality degradation in different cities in Africa impacts poor citizens more negatively due to urbanization,
surge in population, industrialization and increased vehicular emissions (Anwar ef al., 2021; Das et al., 2015;
Delkash and Mir, 2016). Hence, this study investigated the variations in seasonal concentration levels and health
risks associated with gaseous pollutants (CO, NO2, SOz, NH3, TVOCs, and ground level Os) and particulates (PM1,
PMz5, PMio & TSP) in and around major traffic pollution hotspots of Ibadan metropolis.

2. MATERIALS AND METHODS

2.1 Study area

Ibadan city was chosen as the study area for this research because it is one of the biggest cities in Africa with
rapid urbanization and industrialization. Ibadan is the third most populous city and the largest by geographical
area in Nigeria. It is a major commercial and transportation hub with its strategic location on the country’s railway
line, an airport and expressways connecting it to many other major cities. Industrial, commercial, agricultural and
residential activities were predominant in the study area. Ibadan is a prominent transit point between the coastal
and hinterland regions of Nigeria. Gaseous pollutants and particulate matter (PM) were sampled in twenty-five
major traffic Intersections (TIs) in Ibadan during rainy (wet) and dry seasons. The selected TIs (sampling sites)
TIs are the major traffic hotspots, evenly and spatially distributed within the Ibadan metropolis. A Map of Ibadan
with wind roses of rainy and dry seasons is presented as Figure S1 in the supplementary document.

2.2 Sampling protocol for PM and gaseous pollutants
Variations in rush and non-rush hour ambient concentrations of gaseous pollutants (CO, NO2, SOz, NH3, TVOCs,
and ground level Oz) and particulate matter (PMi1, PM2s5, PMio & TSP) were investigated simultaneously at 25
major TIs during rainy and dry seasons. Ambient concentration levels (in ppm) of six pollutant gases were
monitored at TIs with Aeroqual S500 devices having 6 sensor heads while ambient PM concentrations of PM1,
PMa.s, PMio & TSP were monitored using Aerocet 5318S.

2.3 Human exposure risks

In this study, the health risk assessment of PMa.s, PMi1o, CO, NO2, SOz and ground level O3 was investigated by
applying the United States Environmental Protection Agency (USEPA) standard methods (Ostro, 2004; USEPA,
2011) which have been subsequently used in related studies (Chalvatzaki ef al., 2019; Feuyit ef al., 2019; Kim et
al., 2018; Kitwattanavong et al., 2013; Morakinyo et al., 2020). According to Ostro (2004) and Chalvatzaki et al.
(2019), the relative risk (RR) for cardiopulmonary and lung cancer mortality connected with PM2.s exposure was
estimated by:

x+1) 1P
Xo+1)

RR = | (1)
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RR associated with all-cause mortality was calculated by:

RR = exp[B(X — X,)] @)
The Attributable Fractions (AF) for cardiopulmonary and lung cancer mortality connected with PM2.s and PMio
exposure were estimated using the:

AF == 3)
According to (USEPA, 2011), the non-cancer risks (hazard quotient-HQ) via inhalation of CO, NO2, SOz and

ground-level O3 were examined using equations 4 and 5 (Morakinyo et al., 2020).

CxIRxEFxED

ADDiyy = BW x AT

(4)

_ ADDjpp
HQinh T RfC (5)
Cancer Risk (CR) for PMz s through inhalation route (CRinn) was calculated by using equation 6 (USEPA, 2011).
The cancer Slope Factor (SF) of PMa.s were estimated using equation 7, respectively (Kim ef al., 2018; USEPA,
2011). Parameters for health risk assessment of particulates and gaseous pollutants are presented in supplementary
Table S1. The definitions and values of parameters in equations 1 to 7 are detailed in the supplementary document.

CR;,, = ADD x SF (6)
_UR
SF = BWx IR 7

3. RESULTS AND DISCUSSION

Seasonal concentration levels of gaseous pollutants at 25 selected TIs are presented in Figures 1 and 2,
respectively. Mean concentrations of CO, NO2z, SO2, NH3, TVOCs, and ground-level O3 were higher in the dry
season than rainy season by 28.76%, 33.33%, 20%, 136.31%, 126.08% and 66.67%, respectively (see
supplementary Table S2). The seasonal variation in concentrations of gaseous pollutants at TIs in this study is
attributed to changes in associated convective turbulence and atmospheric boundary layer dynamics, which to a
higher vertical extent redistribute and mix pollutants expansively in the atmosphere during the different seasons
(Adeniran et al., 2017).

Similar to the Gaseous pollutant trends, the mean concentrations of PMi, PM2s, PMio & TSP in the dry season
were higher than rainy season by 53.24%, 132.20%, 360.49% and 365.83%, respectively (see supplementary Table
S2). Chowdhury et al. (2019) reported that seasonal variation effects usually influence outdoor PM concentration.
Re-suspended particles have varied impacts at different times of the year, due to many factors including relative
humidity, wind speed, rainfall, solar radiation intensity, population of on-road vehicles and traffic flow type
(Adeniran et al., 2018; Fernandez et al., 2017). However, forced deposition of particles may be accelerated during
the rainy season than the dry season because of heavy rainfall, higher relative humidity, temperature drop, wind
speed and lush vegetation (Chate, 2005; Jones and Harrison, 2004; Ranjan et al., 2016). Descriptive statistics of
studied pollutants at Ibadan traffic intersections and their recommended limits are presented in supplementary
Table S3.

Pearson’s correlation indicated that a positive correlation existed between relative humidity and wind speed while
temperature and relative humidity had a strong negative correlation of -0.82 (see supplementary Table S4). The
correlations of total vehicle on-road with PM: and PMa.s were positive while relationships of total vehicle on-road
with PM1o and TSP gave negative correlations. This suggests that emissions of ultrafine (PM:) and fine (PMz.s)
particles from vehicle exhausts increase as vehicles spend more time in traffic congestion (rush hours) whereas
coarse (PM1o) particles rise more from road dust resuspension caused by faster vehicular movement during free-
flow traffic (non-rush hours).

A study of air masses backward trajectories using HYSPLIT (Hybrid Single-Particle Lagrangian Integrated
Trajectory Model) suggested that prevailing air masses during the rainy season came from the south-west direction
(supplementary Figure S2a) though the major air masses during the dry season in Ibadan were predominantly
from both northeast and southwest paths (supplementary Figure S2b). HY SPLIT results were consistent with wind
roses plotted with meteorological data of the twenty-five TIs.

3.1 Seasonal variation in concentration of gaseous pollutants at Tis

Figures 1(a) CO, (b) NO, (c) SOz, (d) NHs, (¢) TVOCs and (f) O3 show the seasonal concentration levels of
gaseous pollutants at 25 traffic Intersections
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Figure 1. Seasonal concentration levels of gaseous pollutants at 25 traffic Intersections (a) CO (b) NO2 (c¢) SOz (d)

NH;s (e) TVOCs (f) O3
3.2 Seasonal variation in concentration of particulates at Tis

Figure 2(a) PM: (b) PM2s and (c) PMio shows seasonal concentration levels of particulate matter at 25 traffic

Intersections.
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Figure 2. Seasonal concentration levels of particulate matter at 25 traffic Intersections (a) PM: (b) PM2s (¢) PMio
(d)TSP

3.3 Pollutants, recommended limits and effects on air quality

Employing the AQI ratings, Table 1 indicated that ambient air quality for PMz.5, PM1o, CO and NO2 were moderate,
SOz was hazardous while ground-level ozone was good. This signifies that apart from SOz, all other pollutants were
within the acceptable range.

Table 1. AQI standards for atmospheric pollutants

Index AQI Categories PM: 5 PMio CO NO: SO; 03
Values 3 3
(ng/m’) (ng/m°) (ppm) (ppm) (ppm) (ppm)
24-hour 24-hour 8-hour 1-hour 1-hour 8-hour
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0-51 Good 0-12 0-54 0-4.4 0-0.053 0-0.035 0-0.054
51-100 Moderate 12.1-354 55-154 4.5-9.4 0.054-0.100 0.036-0.075 0.055-0.070
101-150  Unhealthy for 35.5-554 155-254 9.5-12.4 0.101-0.360 0.076-0.185 0.071-0.085
Sensitive Groups
151-200  Unhealthy 55.5-150.4  255-354 12.5-15.4  0.361-0.649 0.186-0.304 0.086-0.105
201-300  Very Unhealthy 150.5-250.4 355-424 15.5-30.4  0.605-1.249 0.305-0.604 0.106-0.200
301-500 Hazardous 250.5-500.4 425-604 30.5-1004  1.250-2.049 0.605-1.004 >0.200
Pollutants Mean 12.14 97.88 5.26 0.07 1.54 0.04
Concentration
Ibadan Overall AQI Moderate Moderate Moderate Moderate Hazardous Good
ranking
3.4 Health Risk Assessment of TRAPs at Traffic Intersections
Table 2. Exposure Risk Assessment of Particulate and Gaseous Pollutants in Ibadan
Rainy Rainy and Dry
Health Risk Parameters Season Dry Season Seasons
i ER 0.27 0.44 0.37
PM; 5: Cardiopulmonary
mortality (%) AF 0.21 0.31 0.27
ER 0.43 0.73 0.60
PM:s: Lung cancer
mortality (%) AF 0.30 0.42 0.38
ER 0.06 0.36 0.20
PM,o: All-cause
mortality (%) AF 0.06 0.26 0.17
SF = UR/(BW x IR) = 8.02x10° (for PM, 5)
LADD 3.64 8.40 6.02
ELCR 2.92x10° 6.74 x 107 4.83x10”
Hazard Quotient (HQ) via Inhalation
CO 6.45x10 8.31x10 7.38x107
NO» 1.07x10" 1.56x10" 1.32x10"
SO, 2.13 2.56 2.35
Ground level Os 1.05x10" 1.77x10" 1.41x10"
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Notably, overall AQIs of PMz:s, PMio, CO and NO2 were acceptable despite recording high concentrations and
breaching recommended limits at some TIs because of atmospheric dispersion and dilution of these pollutants
concentration at the TIs. Pollutants dispersion is influenced by meteorological factors such as wind speed, wind
direction, relative humidity, ambient temperature, rainfall and land topography (Ranjan et al., 2016).
Table 2 indicated that AF for all-cause mortality due to PMio exposure could be avoided by 0.06%, 0.26% and
0.17% during the rainy season, dry season and combined two seasons, respectively if PMio were maintained at
10pg/m®. The elevated AF (0.26%) during the dry season denotes a higher risk in the study area. Arranz et al.
(2014) reported that exposure to particulate was responsible for all-cause mortality of 2% in Valladolid city of
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Spain while Chalvatzaki et al. (2019) and (Odekanle et al., 2020) revealed that 2.2% and 0.14% of all-cause
mortality were preventable from exposure to PMio in Lisbon (Spain) and Ile-Ife (Nigeria), respectively.

The CRinn from PM2. s exposures (Table 2) indicated that the tolerable risk of cancer is higher during the dry season
(6.74 x 107°) than during the rainy season (2.92 x 107). In this study, cancer risk through inhalation increased by
130.69% during the dry season in comparison with the rainy season signifying that the dispersion rate and toxicity
of PMas are higher in the dry season. HQinn results demonstrated that the probabilities that emissions of CO, NOz
and ground level O3 will pose non-cancer risks were all insignificant at TIs in Ibadan except SO2 with HQinn values
0f2.13, 2.56 and 2.35 for the rainy season, dry season and combined two seasons which were all greater than 1.0.
This implies SOz emission at the studied TIs could cause adverse non-cancer ailments in Ibadan.

4. CONCLUSION

This study revealed the seasonal variation and health risks associated with exposure to gaseous pollutants (CO,
NOz, SO2, NH3, TVOCs, and ground level Os) and particulate matter (PM1, PMzs, PMio & TSP) at and around
traffic hotspots in a typical African urban environment. The concentration levels of studied pollutants measured
at 25 major TIs in Ibadan were considerably more hazardous to public health during the dry season than the rainy
season. Dispersion of pollutants was bolstered by prevailing meteorological conditions, the number of on-road
vehicles, local activities at and around TIs and the dominating wind flowing from the southwest direction during
the rainy season and the assortment of wind blowing from north-east and south-west direction during the dry
season. The average concentrations of gaseous and PM pollutants exceeded the threshold limits set by WHO,
National Ambient Air Quality Standards (NAAQS) of the United States and FMEnv at many TIs mostly in the
dry season. Mortality estimates associated with PM2.s and PMio exposures revealed that ER and AF during the
dry season were above the estimates obtained during the rainy season and combined seasons. The AQI rating
indicated that concentrations of PMz.s, PMio, CO and NO2 were moderate, SOz was hazardous while ground-level
O3 concentration was good at the studied traffic hotspots. Health risk assessment of Ibadan TIs showed that CR
of PMa2.s was acceptable (tolerable) while the non-cancer risk of SOz was significant at the studied TIs. Pearson’s
correlation indicated that PMi & PMa.s emissions from vehicle exhausts increased as traffic congestion (rush
hours) rose whereas PMio emission increased with road dust re-suspension during traffic free-flow (non-rush
hours). The results of this study are expedient in planning, designing and developing robust pollution mitigation
strategies to control traffic air pollution in a typical African city. Alternative routes for vehicle decongestion, the
use of cleaner fuel from renewables and the strengthening of mandatory vehicle inspection and maintenance
programs could be integrated as basic solutions to urban air pollution in Africa.
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ABSTRACT

This study evaluated the potential of Bacillus sphaericus (B. sphaericus) in microbial-induced calcite precipitation
improvement of the unconfined compressive strength (UCS) of lateritic soil. The soil, classified as A-2-6 (1) in
the American Association of State Highway and Transportation Officials (AASHTO) system and SC in the
Unified Soil Classification System (USCS), was treated with stepped B. sphaericus suspension of various
densities of 0, 1.5 x 10%, 6.0 x 108, 1.2 x 10°, 1.8 x 10°, 2.4 x 10° cells/ml at varying concentration of cementation
reagents of 0.25, 0.5, 0.75 and 1 M. The cementation reagent used contained 3 g of Nutrient broth, 20 g of urea,
10 g of NH4Cl, 2.12 g of NaHCOs and 2.8 g CaClz per litre of distilled water. Soil specimens were prepared using
bacteria to cementation reagent mix ratio of 25:75 with stepped B. sphaericus suspension density and compacted
using three energy levels, namely, British Standard light (BSL), West African Standard (WAS) and British
Standard heavy (BSH). The treated soil specimens were air-cured at an ambient laboratory temperature of 25 + 2°
C for 7, 14 and 28 days, respectively. Peak UCS values of 947.40, 989.28 and 1,240.82 kN/m? for BSL; 1,387.6,
1,481.72 and 1,743.43 kN/m? for WAS as well as 1,432.24, 1,598.34 and 1,835.98 kN/m? for BSH compaction
were recorded at 7-, 14- and 28- days curing periods, respectively, for treatment with mix ratio B. sphaericus
suspension density of (1.2 x 10° cells/ml): Cementation reagent (0.5 M). The UCS values of 1,743.43 and 1,835.98
kN/m? recorded for the specimens compacted with WAS and BSH energy at 28 days curing period meet the
requirement for base material in the construction of low-volume roads.

Keywords: Bacillus sphaericus, Cementation solution, Lateritic soil, Unconfined compressive Strength

INTRODUCTION

Micro-organisms found in soil that are unicellular consist primarily of bacteria and archaea having a diameter
range of 0.5 to 3 pm (Dejong et al., 2013; Sayed et al., 2019). They are present in the soil by entrapment during
deposition (Sayed et al., 2019) or migration utilising the available pore spaces (Dejong et al., 2013).

Currently, soil improvement techniques such as chemical grouting or mixing with cement have over time
been successful (Mahawish et al., 2016). Grouting can be described as an artificial injection of chemical formulas
that most times alter the soil pH level, and cause soil and groundwater contamination, which is not unconnected
to their characteristics of being hazardous and toxic (Chittoori et al., 2019).

Microbial-induced calcite precipitation (MICP) is a bio-chemical process of soil strengthening that seeks
to improve soil properties by enhancing its engineering properties, particularly strength and permeability. The
MICP process is carried out by injecting micro-organisms which produce urease and also adding reagents for
aiding cementation thereby producing a cementation compound generated to alter the engineering soil properties
(Yang et al., 2019). These micro-organisms are mostly not harmful and, as a result, will have little or no negative
effect on the environment especially on humans (Umar ef al., 2019). According to Dejong et al. (2010), MICP
studies and application cuts across many disciplines from geotechnical engineering to sciences such as
microbiology and geochemistry working together to achieve an environmentally friendly way of stabilizing soils.

Laterites are highly weathered soils formed by the concentration of hydrated iron and aluminium oxides
and have no reasonable constant properties (Osinubi 2005). Laterites were first studied in humid tropics and
mostly found where leached soils are predominant. They are formed in weathering systems by the process of
lateralisation, which involves the breakdown of ferro-alumino silicate minerals and the permanent deposition of
sesquioxides (Al20; and Fe2O3) within the profile to form the laterite horizon of material known as laterite.

Studies recently conducted on the application of the MICP technique which is still considered an
innovation for the improvement of soils (Osinubi et al., 2019) have shown improvement in strength and hydraulic
conductivity properties of the soils when used in the design of waste containment barrier systems. Other successful
studies conducted using the MICP approach include; increasing liquefaction resistance (Montoya et al., 2013),
improving the stability of slopes and foundation-bearing capacity (Whiffin et al., 2007), creating a water-
impermeable crust on a sand surface (Stabnikov et al., 2011), crack healing in concrete and masonry (Amidi and
Wang, 2015), treatment of waste (Chu et al., 2009), heavy metal immobilization (Fujita et al., 2010), shallow
carbon sequestration (Washbourne et al., 2012), fine tailings consolidation (Liang et al., 2015), as well as shear
strength and compressibility of organic soil (Canakci ef al., 2015).
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Previous research on soil improvement considered the use of conventional additives such as bitumen,
lime, cement, pozzolanic material, agro-industrial waste, etc., which are either expensive or harmful to the
environment and hence not sustainable. Therefore, this study is targeted at the assessment of UCS of lateritic soil
treated with B. sphaericus (which is a more sustainable and environment-friendly approach to soil improvement)
as the base material in the construction of low-volume roads. This involved treating the soil with B. sphaericus
suspension density (i.e., 0, 1.5 x 108, 6.0 x 108, 1.2 x 10%, 1.8 x 10°, 2.4 x 10° cells/ml) at varying concentrations
of cementation reagent (0.25, 0.5, 0.75 and 1 M). The soil specimens were prepared using bacteria to cementation
reagent mix ratio of 25%:75% and compacted using three energy levels. The specific objectives were to assess
the viability of B. sphaericus as an agent for lateritic soil strength development for use as the base material in the
construction of low-volume roads as well as the morphological and microstructural arrangement of the natural
and treated soil samples.

MATERIALS AND METHODS
2.1 Materials

2.1.1  Soil

The soil for the study was collected using the disturbed sampling method from the Abagana area of
Anambra state, Njikoka Local Government Area. (Latitude 6°12'15"N and Longitude 7°0'40"E) sourced at depths
between 0.5 and 3.0 m.

2.1.2 Bacteria

The Gram-positive micro-organism used in this research is Bacillus sphaericus rod-shaped bacterium with a 2 -
5 pm diameter size. The bacteria were isolated from the soil of which six (6) different samples were collected
and used for the isolation, identification and characterisation of the Bacillus sphearicus. They were inoculated
on Nutrient Broth, Yeast Extract Nutrient Agar, Nutrient Agar and MICP agar, respectively.

2.13 Cementation reagent

The cementation reagents were varied by using an equimolar concentration of urea and calcium chloride to
produce cementation solutions of different molar concentrations (0.25M, 0.5M, 0.75M and 1M)

2.2 Methods
2.2.1  Index properties

The index property test was conducted according to BS 1377 (1990) and BS 1924 (1990) for natural and
treated soils.

2.2.2  Sample preparation

The soil sample to be used was passed through a sieve of 425 um aperture and mixed for the bacteria-
cementation mix ratios of 25%:75% which gave the highest calcite value based on the calcite content test carried
out. The composition ratio is based on the liquid limit of the natural soil. B. sphaericus was applied at suspension
densities of 0, 0.5, 2.0, 4.0, 6.0 and 8.0 McFarland standards which is equivalent to 0, 1.5 x 108, 6.0 x 108, 12 x
108, 18 x 10% and 24 x 108 cells/ml, respectively, at a varying concentration of cementation reagent of 0.25, 0.5,
0.75 and 1M.

2.2.3  Atterberg limits

Atterberg limits (liquid limit, plastic limit, plasticity index test) are essential for soil classification and
identification. The treated soil-bacteria-cementation reagent was air-dried, after which it was pulverised and
passed through a sieve 425 pum aperture before testing.

224 Calcite content

For the calcite content determination, the acid-washing method was adopted as reported by (Osinubi et
al., 2019). 5g of the treated soil was measured and mixed with 20 ml of 2M hydrochloric acid to dissolve CaCl..
After that, the mixture was filtered with filter paper of pore size 200mm. The filtrate was rinsed and washed for
10 min using distilled water to remove any dissolved calcium from the soil. The particles on the filter were oven-
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dried for 24 hours at a temperature of 105°C and weighed. The difference in mass between the original sample A
and the washed sample B was recorded as calcium carbonate (Calcite) mass. The percentage calcite content CC
was computed using equation (1):

cc=100-§x100 1)

2.2.3  Unconfined compressive strength

Air-dried soil sample of 3 kg was mixed with optimum moisture content determined by dynamic
compaction of the soil sample. The standard BS compaction mould was utilized. In the mould, the sample was
placed and compacted in layers and blows corresponding to the energy level considered. The sample was then
removed from the mould with the aid of a hydraulic lift and three samples of 38 by 76 mm were cored out and
placed in a polythene bag for at least 48 hours before testing to allow for complete saturation. For the test, the
axial load was gradually applied until shear failure occurred. For the test, failure is said to have occurred when
two or three successive readings are equal or decreasing in descending sequence. The experiment was conducted
with the addition of B. sphaericus suspension density (cells/ml) of 0, 1.5x10%, 6.0x108, 12x10%, 18x10% and 24x10®
at different concentrations of cementation reagent (0.25, 0.5, 0.75 and 1 M), respectively and compacted using
three energy levels of BSL, WAS and BSH compaction loads all carried out in accordance with BS 1377 (1990)
and BS 1924 (1990) for the natural and treated soils. The curing times for the samples were 7 days, 14 days and
28 days.

2.2.6  Microstructural analysis

A microanalysis test was carried out on the lateritic soil (natural and treated) to determine the change in
morphology due to the formation of calcite bonds on the interparticle surface of the bio-treated soil. It was carried
out using Phenom world pro desktop SEM (Phenom World, 2017).

RESULTS AND DISCUSSION
3.1.1  Index properties

The properties of the natural lateritic soil are classified as A-2-6 (1) in the AASHTO system and SC (clayey
sand) in the USCS (AASHTO 1996 and ASTM 1992) are summarised in Table 1. The natural lateritic soil is
reddish-brown, with 34.95 % passing through the BS sieve no. 200 size, with kaolinite being the dominant clay
mineral.

Table 1. Natural properties of the soil

S/No. Property Quantity

1 Natural moisture content (%) 19.6

2 Percentage passing No. 200 sieve 34.95

3 Liquid limit (%) 36.5

4 Plastic limit (%) 20.06

5 Plasticity index (%) 16.44

6 Linear shrinkage (%) 8.37

7 Specific gravity 2.67

8 AASHTO classification A-2-6[1]
9 USCS SC

10 Colour Reddish-brown
11 Dominant clay mineral Kaolinite

3.1.2 Calcite content

The variation of the calcite content for the lateritic soil specimens prepared with stepped B. sphaericus
suspension density at varying cementation reagents is presented in Figure 1. Generally, the calcite content of all
the specimens increased as the cementation reagent concentration increased to peak values before decreasing. It
was observed that the optimum calcium carbonate content values were 9.0%, for bacteria - cementation mix ratio
of 25%:75% at B. sphaericus suspension density of 1.2 x 10° cells/ml and 0.5 M cementation reagent. This is not
unconnected to the fact that the cementing reagent used in the MICP process plays a vital role in the precipitation
of calcium carbonate, and excess usage of this calcium chloride could reduce urease activity (Soundara et al.,
2020).
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Figure 1. Calcite content of soil bacteria with varying cementation solutions mix (25%BS:75% cementation)

3.1.3  Atterberg limits

The variation of Atterberg limits (LL, PL, PI) of the lateritic soil treated with stepped suspension density
of B. sphaericus of 0, 1.5 x 108, 6.0 x 108, 1.2 x 10°, 1.8 x 10°, 2.4 x 10° cells/ml using bacteria to cementation
mix ratios of 25 %:75 % at the stepped concentration of cementation reagent of 0.25, 0.5, 0.75 and 1 M.
Generally, the increases in LL might result from the increase in water content needed for urea hydrolysis. Urease-
positive enzymes were produced from the biochemical reaction, thereby hydrolysing urea into carbonate ions
(CO3%) and ammonium ions (NH4"). Generally, the increase in PL to peak values before decreasing could probably
be due to an adequate amount of Ca?* not being available on the calcite surface, thereby causing a reduction in the
deposition of ion pairs (Dhami et al., 2016). The decrease in the PI values could probably result from calcite
precipitation in the soil matrix voids. Generally, a decrease in PI values indicates soil improvement for any
engineering use. The lateritic soil treated with B. sphaericus suspension density of 1.2 x 10° cells/ml and 0.5 M

cementation reagent gave the best PI value indicating a better potential for soil improvement as presented in Figure
2.

The LL decreased from the natural value of 36.5 % to 34.2 % at 1.2x10° cells/ml before increasing to 37.20% at
the highest treatment of 2.4x10° cells/ml. The PL increased from the natural value of 20.06% to 24.70% at the
maximum treatment of 2.4x10° cells/ml. The PI value decreased from the natural value of 16.44% to 11.60% at
1.2x10° cells/ml before increasing to 12.50% at the treatment of 2.4x10° cells/ml.

The Atterberg limits findings in this study are consistent with the results reported by Moravej et al., 2018.
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Figure 2. Variation of Atterberg limits of lateritic soil treated with B. Sphaericus suspension density at 0.5 M
cementation reagent concentration

3.1.4  Unconfined compressive strength

The results of the UCS for BSL are presented in figures 3-5, the WAS are presented in figures 6-8 while that of
the BSH are presented in figures 9-11, respectively, for the B. sphaericus suspension densities (i.e., 0, 1.5 x 108,
6.0 x 108, 1.2 x 10%, 1.8 x 10°, 2.4 x 10° cells/ml) ) at a varying concentration of cementation reagent (0.25, 0.5,
0.75 and 1 M) using bacteria to cementation reagent mix ratio of 25%:75%, and compacted using three energy
levels, namely, British Standard light, (BSL), West African Standard (WAS) and British Standard heavy (BSH).
The treated soil specimens were air-cured at an ambient laboratory temperature of 25 + 2° C for 7, 14 and 28 days,
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respectively. Peak UCS values of 947.40, 989.28 and 1,240.82 kN/m? from natural values of 789.38, 803.20 and
900.28 kN/m? respectively, for BSL, 1,387.6, 1,481.72 and 1,743.43 kN/m? from natural values of 832.45, 848.64
and 999.89 kN/m? respectively, for WAS as well as 1,432.24, 1,598.34 and 1,835.98 kN/m? from the natural
values of 928.03, 1030.08 and 1130.43 kN/m? respectively, for BSH compaction were recorded at 7, 14 and 28
days curing periods, respectively, for treatment with 1.2 x 10° cells/ml of B. sphaericus suspension density and
0.5M of cementation reagent. The values of the UCS obtained generally showed an increasing trend with an
increase in compaction energy with BSH compaction energy showing the highest UCS values for all treatments
evaluated. The results showed that the greater UCS value obtained is also a function of compaction load as well
as the precipitations of calcites that were formed during the MICP process.
This result is consistent with the studies by Osinubi et al. (2017) and Osinubi et al. (2020).
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Figure 7. Graph of UCS of Lateritic soil treated with B. sphaericus suspension at varying cementation (WAS-14 days
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of clay minerals and multivalent cations was still exerting a dominant impact on the soil-water combination. For
the treated soil's microstructure (Plate 1b), the soil appears more uniform and consolidated resulting in a more
bonded solid structure which possibly is a result of the calcite precipitate after the MICP process. This finding is
in agreement with the findings by Cheng et al. (2013) and Al Qabany et al. (2012)
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Plate 1a: Micrograph of Natural soil

Plates 1b: Micrograph of treated soil

4. CONCLUSION

An evaluation of the influence of B. sphaericus in MICP technique improvement of the UCS of lateritic soil was
carried out. The lateritic soil classified as A-2-6 (1) in the AASHTO and SC in the USCS was treated with stepped
B. sphaericus suspension density (i.c., 0, 1.5 x 10%, 6.0 x 108, 1.2 x 10°, 1.8 x 10°, 2.4 x 10° cells/ml) at a varying
concentration of cementation reagent (0.25, 0.5, 0.75 and 1 M) using bacteria to cementation reagent mix ratio of
25% to 75% and compacted using three energy levels. MICP technique improved the Atterberg limits properties
of the natural lateritic soil at B. sphaericus suspension density of 1.2 x 10° cells/ml and 0.5 M cementation reagent.
Peak UCS values of 947.40, 989.28 and 1,240.82 kN/m? for BSL, 1,387.6, 1,481.72 and 1,743.43 kN/m? for WAS
as well as 1,432.24, 1,598.34 and 1,835.98 kN/m? for BSH compaction were recorded at 7-, 14- and 28- days
curing periods, respectively, for treatment with mix ratio B. sphaericus suspension density of (1.2 x 10° cells/ml):
Cementation reagent (0.5 M). The UCS values of 1,743.43 and 1,835.98 kN/m? recorded for the specimens
compacted with WAS and BSH energy at 28 days curing period did not meet the 7 days curing period criterion
for cement treated soil of 1730 kN/m? requirement specified by TRRL (1977), However, the values of the UCS
from the study were significantly improved.

RECOMMENDATION

Based on the findings in this study, it is recommended that to improve the UCS characteristics of an A-2-
6(1) or SC soil, a bacteria-cementation mix ratio of 25 % and 75 % B. sphaericus suspension density of 1.2 x 10°
cells/ml and 0.5 M cementation reagent, respectively can be used.
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ABSTRACT

Water that is good for drinking is also good for construction purposes. Consequently, this study aims to evaluate
the physicochemical qualities of water resources and to access their impact on the selected mechanical properties
of concrete for sustainability and attainment of construction development goals. The water resource of interest
here is the groundwater whose samples were collected in five locations in Owerri town of Imo state, Nigeria. The
physicochemical parameters of the collected samples were analyzed in accordance with guidelines under the
World Health Organization (WHO) standard. Thereafter, the analysed water samples were used to mix concrete
where the compressive strength, flexural strength and split tensile strength were determined. The results from the
quality analyses showed that the concentrations of the groundwater sampling fall within the WHO recommended
standard. Similarly, the results of the compressive strength, flexural and split tensile strengths showed that
analyzed water samples from the five locations which were used to mix concrete are capable of helping to produce
concrete of excellent properties. Stakeholders are therefore advised to maintain the use of water resources that
meet drinking standards as part of concrete ingredients to ensure sustenance of safety in the construction industry.

Keywords: Water Resources, Concrete, Compressive Strength, Flexural Strength and Split Tensile Strength
1. INTRODUCTION

Water resources is a term used to describe natural resources (bodies) of water that are potentially useful as a source
of water supply. There are indeed three necessities of life which include water, food and shelter. That proves to a
large extent the reason why water resources as natural elements are very essential and precious to life's existence.
Two main classes of water resources can be identified as Groundwater and Surface water, but this recent work
focuses on groundwater. Groundwater, according to Akpobori and Nfor (2007) has been the cornerstone of all
rural and urban water supply development in Nigeria. As opined by Agunwamba (2000), two major sources of
groundwater can be identified. Some are formed by rainwater which permeates into the ground through the pores
of rock formation and finally reached the underground water table. There is the water from streams, lakes, and
reservoirs which percolate through the soil to the underground water table. Thus, depending on the groundwater
source, we can have Shallow well, Deep well and Boreholes as major sources of groundwater.

It is also important to note that water plays a crucial role in most human activities as well as the socio-economic
development of any country, state, town or community. Its importance to mankind cannot be overemphasized. It
is used for domestic purposes. The majority of city dwellers in Nigeria depend on groundwater as their source of
water supplies. In the field of agriculture, water is used for irrigation and in the construction industry; it is a widely
used raw material, especially as an ingredient in the concrete mixture for better workability, In a nutshell, it is
those water samples whose physicochemical parameters meet the WHO recommended limits are eligible to be
used in the construction works. This is one of the reasons why most of the specifications recommend the use of
potable (treated) water for making concrete so that good mechanical properties of concrete can be sustained.

Owerri is the capital city of Imo State, Nigeria. Although, it consists of three local government areas which
include Owerri Municipal, Owerri West and Owerri North, Owerri Municipal, which is the choice of our study
in this present work constitute the majority of the state capital. With the presence of the majority of government
activities, workers' activities, government facilities, federal and state institutions like Imo state university, Owerri,
Alvan Ikoku Federal College of Education, state and federal agencies, notable establishment, industries and
churches, the area has been one of the fastest developing LGA of the state. This means that there is always an
increase in economic activities prompting an increase in water demand for any purpose. Sometimes, urbanisation
might come with an acute shortage of water which might trigger many challenges like health-related issues or
even building collapse. Though many factors may be responsible for building failures and collapse, the impact of
poor water cannot be ruled out. According to Saravanakumar and Dhinakaran (2010), the use of poor-quality
water in concrete leads to corrosion and ultimately causes failure in concrete, while the use of saline water in
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concrete affects the properties of fresh and hardened concrete. Thus, the essence of this work is to develop a
concept of ensuring that only portable water is always used in the construction industry as a way of ensuring the
sustainability of quality concrete

In general, the assessment of Water Quality involves the overall process of evaluating the physical, chemical and
biological nature of the water resources. Water Quality Assessments are normally based on five broad types of
monitoring data: biological integrity, chemical, physical, habitat, and toxicity. This explains why the assessment
of water qualities is of interest to many researchers across different fields of human endeavour/discipline.
Geologists, Biologists, Crop Scientists/Technologists, Chemists, Civil Engineers, Environmentalists,
agriculturists/Agricultural Engineers, physicists, Geographers as well as other water resources agencies have
different interests and motives for the assessment of water resources qualities. However, for us in the Civil
Engineering profession, our interest is mainly construction purposes, apart from the usual and general domestic
purposes. Many researchers have done related works on the subject matter, but none have been able to deal
substantially with the subject matter in the chosen area of study. For instance, Ijeh (2014) assessed groundwater
quality in different parts of Owerri. His work is limited to groundwater water and for domestic purposes only.
Olasoji and others (2019) assessed surface and groundwater qualities using Water Quality Index Method. Their
area of interest was in Southwestern Nigeria. Also, the work of Okoro and others (2016) is limited to only
groundwater. Eyankwere and others (2015) carried out both physicochemical and bacteriological assessments of
groundwater quality in Ughelli and its environ. The work of Ihenetu and others (2020) majored on the pollution
and health risk assessment of groundwater sources around a waste disposal site in Owerri West L.G.A. Nwosu
and Nwosu (2016) carried out the physicochemical analysis of surface water and groundwater systems within the
Federal University of Technology Owerri (FUTO). Their major interest as researchers from the physics
department were to obtain the available geoelectric survey information. Nwachukwu and others (2020) carried
out a comparative analysis of water quality from harvested rain and borehole water in Owerri West L.G.A. As
expected, their research interest is limited to their field of career, biology. The work of Obi (2017) concentrated
only on consumption purposes. On the effect of water sources on concrete and other construction materials, some
authors have equally contributed enough to the literature. Al-Jabri and others (2011) have researched the effect of
using wastewater on the properties of high-strength concrete. Nikhil and others (2014) have determined the impact
of water quality on the strength properties of concrete. Their source of water was perhaps from the Indian country.
Saravanakumar and Dhinakaran (2010) carried out work on the effect of acidic water on the strength, durability
and corrosion of concrete. Finally, Nwachukwu and others (2022) assessed the suitability of Water Resources
Qualities for Consumption and Construction purposes where some selected towns In Owerri West L.G.A, Imo
State, Nigeria were used as Case Studies. Thus, from the foregoing, it can be envisaged that little or no work has
been substantially done on the subject matter with respect to the area and present purpose of the study. Henceforth,
the need for this recent research work.

2. MATERIALS AND METHODS
2.1. DESCRIPTION OF STUDY AREA

Owerri Municipal is the capital city as well as the center of attraction of Imo State. It is a Local Government Area
in Imo State, Nigeria with Its headquarters in the city of Owerri. It has an area of between 58 km? and 60.5 km?
and a population of over 127,213 according to the 2006 census. Its latitude and longitude are shown in Figure 1
(map of Imo state showing Owerri Municipal L.G.A.). The scope of the work is restricted to the main capital city.
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Figure 1. Map of Imo state showing the location of Owerri Municipal
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2.2. COLLECTION OF GROUNDWATER DATA AND SAMPLING

The primary sources of data (physicochemical data) in this study were obtained through laboratory analysis of the
groundwater from the five selected sample locations in Owerri Municipal L.G.A. of Imo state. The
physicochemical data include the following: Sodium (Na), Potassium (k), Calcium (Ca), Magnesium (Mg),
Chloride (Cl), Nitrite (NOs), Bicarbonate (HCOs), Sulphate (SO4) Total Hardness (TH), Total Alkalinity (TA),
Total Dissolved Solids (TDS) and pH. On the hand, the secondary data were obtained from extracts from WHO
(World Health Organization) where the recommended limits for each groundwater resource for a particular
purpose were selected. For the physicochemical parameters analysis, two 2-litre polyethene bottles were used to
fetch two samples of water from the groundwater (borehole) in the five selected locations. The samples were then
stored in a refrigerator at a temperature below 20 °C to prevent changes in the water sample between the time of
collection and analysis. For assessment of the performance of the groundwater water in concrete production, two
samples of groundwater per location were obtained for use in the mixing of concrete

2.3. PROCEDURE / METHOD OF LABORATORY ANALYSIS

In the first place, to assess the suitability of the groundwater qualities for drinking purposes, physicochemical
analyses are carried out on the collected water samples. They are pH, Sodium (Na"), Potassium (K*), Calcium
(Ca*"), Magnesium (Mg?"), Chloride (CI'), Sulphate (SO4*), Nitrite (NO3), HCOs, Total Hardness (TH), Total
Alkalinity(TA), and Total Dissolve Solids (TDS). Analyses of the majority of the parameters were done using the
various standard methods for water analysis and in accordance with APHA (American Public Health Association),
AWWA (American Water Works Association) and WPCF (Water Pollution Control Federation) (2005)
guidelines. Specifically, the pPH was determined using a pPH meter. The cation concentrations were determined
using atomic absorption spectrophotometer. Nitrate and sulphate concentrations were determined turbid
metrically using a spectro-photometer at wavelengths of 410nm and 420nm, respectively. To ensure the
correctness of chemical analysis of these water resources parameters, one must ascertain that the equality of the
sum of the cations and anions expressed in terms of milliequivalents per litre satisfies the principle of
electroneutrality. See the works of Nwachukwu and others (2022) for the steps involved.

Subsequently, the groundwater sample is assessed for its performance in the concrete mixture. In this section, the
materials under investigation are a mixture of cement, fine and coarse aggregate and analysed water from the
groundwater which was used in accordance with ASTM C1602/C1602M-22 (2022). Our attention here is to
determine the compressive strength, flexural strength and split tensile strength of concrete cubes and cylinders. A
total of thirty (30) cubes were prepared for compressive strength, flexural strength and split tensile strength. The
procedure for compressive strength testing was done in accordance with BS 1881 — part 116 (1983) - Method of
determination of compressive strength of concrete cube. Two samples were crushed for each mixture with
groundwater per location. In each case, the compressive strength was calculated using Eqn. (1)

Compressive Strength = Aversgefafure Load ) _ _ 2 a)

Cross— sectional Area (mmz) A -

Flexural strength testing was done in accordance with BS 1881 — part 118 (1983) - Method of determination of
Flexural Strength, ASTM C78/C78M-22 (2022) and ACI (1989) guideline. In this present study, two samples
were crushed for each concrete cube. In each case, the Flexural Strength which is expressed as the Modulus of
Rupture (MOR) was then calculated to the nearest 0.05 MPa using Equation 2.

PL
MOR == )

Where b = measured width in cm of the specimen, d = measured depth in cm of the specimen at the point of
failure, where L = Length in cm of the span on which the specimen was supported and P = maximum load in
kg applied to the specimen.

The cylindrical split tensile test was done using the universal testing machine in accordance with BS EN 12390-
6:2009 and ASTM C 496/ C 496 M-17 (2017). Two samples were crushed for each concrete cylinder and in each
case, the Split Tensile Strength was then calculated using Eqn. (3)

2P

Fo = — A3

nDL

Where, Fi = Split Tensile Strength, MPa, P = maximum applied load (that is Load at failure, N) ; D = diameter
of the cylindrical specimen (Diameter of cylinder, mm); and L = Length of the specimen (Length of the cylinder,
mm),
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3. RESULTS AND DISCUSSION

3.1 PRESENTATION OF RESULTS

The result of the physicochemical analysis obtained for the five selected locations (A - E) in Owerri Municipal
L.G.A of Imo state for groundwater sampling as well as the result of the compressive strength (CS), flexural

strength (FS) and Split tensile strength (STS) are presented in Tables 1 and 2.

Table 1. Presentation of Results of Physico-Chemical Analysis of The Groundwater Samples.

SNO LOC Exp. Ca* Mg* Ne* K* HCOsy Cr NOs SO
ATIO No. Mg/L (50)  (NA/*200) (NA) (NA/*250)
N (NA/*¥100-300) (<600 )  (250) (50)
. A 1A 347 89 249 040  35.0 658 94 572
1B 35.5 90 255 042 365 659 95  60.0
AV. 351 9.0 252 041 358 659 95 586
2. B 2A 27.8 83 253 033 482 723 78 643
2B 28.2 88 252 032 495 746 75 652
AV. 280 86 253 033 489 735 765 6475
3. C 3A 34.6 93 398 024  50.0 750 83 708
3B 35.8 9.5  39.1 028 503 759 84 727
AV. 352 94 395 026 502 755 84 718
4, D 4A 36.7 87 346 031 563 677 78 683
4B 372 78 372 034 543 722 82 703
AV. 370 83 359 033 553 700 80 693
5. E 5A 29.6 75 403 040 489 750 76 812
5B 30.5 76 393 034 482 80.0 85 794
AV. 301 76 398 037 486 775 81 803

Table 2. Presentation Of Results Of Physico-Chemical Analysis (Contd), Compressive Strength (CS), Flexural Strength (FS)

And Split Tensile Strength (STS) Of The Groundwater Samples.

S/NO LOCA Expt. TA TH TDS pH CS FS STS
TION No. Mg/CaCo;  Mg/L CaCos Mg/L CaCos (6.5 (MPa) (MPa) (MPa)
(200) (NA/*100-500) (500) - (20 -35)
8.5)
1A 54.32 98.76 267.9 7.1
27.13 8.48 5.03
1 A 1B 54.76 97.89 271.0 7.3 8.52 5.05
28.03
AV. 54.54 98.33 269.5 7.2 8.50 5.04
27.58
2A 51.19 87.35 280.2 7.1
24.54 7.76 4.59
) B 2B 52.82 89.04 284.7 7.5 7.82 4.61
25.14
AV. 52.01 88.20 282.5 7.3 7.79 4.60
24.84
3A 52.43 88.65 273.2 7.2
26.37 6.77 5.05
3 C 3B 53.12 89.23 269.9 7.4 6.96 5.09
25.83
AV. 52.78 88.9 271.6 7.3 6.88 5.07
26.10
4A 49.23 90.68 272.8 7.2
4 D 22.34 7.00 4.76
4B 51.46 94.34 281.5 7.2 7.04 4.82
23.27
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AV. 50.35 92.51 271.2 7.2 7.02 4.79
22.81
5A 50.09 89.03 255.8 6.5
24.28 7.65 5.89
5 E 5B 50.21 88.28 261.0 6.5 7.71 5.88
25.18
AV. 50.15 88.63 258.4 6.5 7.68 5.89
24.73

The following items describe the content in Tables 1 and 2: i. The procedures for checking the accuracy of the
analysis and calculating the values of Total Alkalinity (TA), Total Hardness (TH) and Total Dissolved Solids
(TDS) have been demonstrated by the works of Nwachukwu and others (2022). ii. The values in the bracket
represent WHO Standards. iii. NA implies that no health-based guideline value has been derived. iv. * indicate
the taste threshold values.

3.2. DISCUSSION OF RESULTS

From the results of the physicochemical analyses for groundwater samples shown in Tables 1 and 2, the pH values
of locations A to D indicate a neutral value which makes them fit for consumption. Of location, E shows a slightly
acidic situation but somehow compares favourably with the WHO stipulated standards. The TDS values are also
within the WHO recommended limit. For the anions, chloride concentration, nitrate ((N0O3), Sulphate (SO4), and
HCO:; levels are generally lower than the prescribed threshold level recommended by the WHO standard and
therefore accepted. Similarly for the cations, Ca?*.Mg?", Na" and K*, the values also fall within the WHO
stipulated standards. Although the values of TH in all selected locations fall within the WHO Taste Threshold
stipulated standard, there is still the presence of hardness in these water sources, even though consumers can
tolerate hardness up to 500 mg/L. However, their uses in the construction industries are guaranteed. Again, the
result of the compressive strength for the groundwater in all selected locations shows that the values meet the
minimum ACI (American Concrete Institute) standard (of 20MPa) for good concrete. Other design strengths
conducted are also in good agreement with the production of concrete for sustainable construction development.
Thus, water from the groundwater sources in these areas that satisfy the WHO standard, when used to mix concrete
can positively impact the general strength of concrete cubes.

4. CONCLUSION

So far, the physicochemical analyses of samples of groundwater resources from the selected locations in Owerri
Municipal L.G.A of Imo state, Nigeria have been presented. Also presented are the evaluation of the compressive
strength, the flexural strength and the split tensile strength of the concrete mixed with samples of water from the
selected locations. Both the cation and anion concentrations for the groundwater fall within the WHO
recommended standard. Again, the total dissolved solids (TDS), fall within the WHO recommended standard.
From the mechanical properties investigation, the compressive strength of concrete cubes mixed with water from
the groundwater sources meets up with the minimum requirement of 20 MPa stipulated by ACI. Thus, to ensure
the sustainability of good mechanical properties of concrete, there is a need for a prior physicochemical assessment
of these water resources.
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