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Experimental Analysis on a Set of Four CFT Subjected to Monotonic and
Cyclic Loading

Donato Aliberti
University of Salerno

Elide Nastri
University of Salerno

Vincenzo Piluso
University of Salerno

Paolo Todisco
University of Salerno

Rosario Montuori
University of Salerno

Abstract: The main purpose of this work is the evaluation of the ultimate behaviour of Concrete Filled Tubes
(CFT) subjected non uniform bending. The novelty point of this paper regards the use of big steel tubes whose
material behaves like a high strength steel. Four experimental tests have been performed at the STRENGTH
Laboratory of the of the University of Salerno under both monotonic and cyclic loading conditions. In
particular, both constant and variable amplitude tests are considered. The three-point bending scheme is adopted
for testing specimens, where a hydraulic actuator is used for the transmission of the transverse load at midspan
under displacement control and an LVDT is used to measure the corresponding maximum transverse
displacement.

Keywords: Concrete filled tubes, Ultimate behaviour, Cyclic tests, FEM

Introduction

Research on composite structures has attracted increasing interest, for their ability to provide excellent
performance in terms of stiffness, strength and ductility, provided that adequate design and detail rules are
applied (Romero et al., 2020; Lapuebla-Ferri et al., 2021). Therefore, researchers are increasingly focusing their
attention on design issues concerning the behaviour of this structural typology not only with reference to
building structures, but also in the case of bridges (Figure 1). CFT elements, in fact, can be effectively adopted
as bridge stacks, exploiting their high ductility and energy dissipation capacity. They can also be adopted for the
construction of columns, obtaining considerable advantages when large cross-sections are required.

In China, concrete-filled steel tubes have been used for over 50 years, mainly exploiting their compressive
strength. Since the 80s, they have been used in buildings to avoid having very large columns, connected mainly
to additional steel elements. An example is represented by the Canton Tower in Guangzhou (Figure 2), a tower
about 454 meters high and reaching 600 meters at the pinnacle. Twenty-four inclined circular tubular steel
elements, filled with concrete, were used for its construction, with a maximum diameter of each element equal
to 2000 mm and a maximum thickness of 50 mm.

- This is an Open Access article distributed under the terms of the Creative Commons Attribution-Noncommercial 4.0 Unported License,
permitting all non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

- Selection and peer-review under responsibility of the Organizing Committee of the Conference
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Extensive research has been devoted to the study of concrete-filled tubes (CFTs), with particular emphasis on
their structural behaviour under various loading conditions. Experimental tests play a crucial role in
understanding the mechanical properties and performance characteristics of CFTs. In this study, a
comprehensive series of experimental tests was conducted on four CFT specimens labeled S5-S8. These
specimens were subjected to both monotonic and cyclic loading in bending, with consideration given to both
constant and variable amplitude loading conditions. The primary objective of the experimental tests was to
investigate the flexural behaviour of the CFTs.

Figure 1. CFTs in bridges - Juscelino Kubitschek Bridge.

.

Figure 2. Canton tower.



International Conference on Research in Engineering, Technology and Science (ICRETS), July 06-09, 2023, Budapest/Hungary

The tests involved measuring and recording the load-deformation responses, observing the failure modes, and
determining the ultimate strength of the specimens. The experimental results provide valuable data for analyzing
the structural response, understanding the deformation patterns, and assessing the overall performance of CFT
members under different loading scenarios.

In addition to the experimental investigations, Finite Element (FE) modelling was utilized using ABAQUS
software to further analyze the behaviour of the tested concrete-filled tubes. A sophisticated FE model was
developed, taking into account the material properties of steel and concrete and capturing their non-linear
behaviour. The FE simulations enabled a thorough examination of stress distribution, load transfer mechanisms,
and deformation patterns within the CFT specimens. This comprehensive analysis provided valuable insights
into the structural response and performance of the concrete-filled tubes under different loading conditions.

Mechanical Behaviour of Concrete-Filled Tubes

Concrete-filled tubes (CFTs) exhibit remarkable structural behavior and offer several mechanical advantages
due to the interaction between steel and concrete, confinement effects, and their ability to mitigate buckling.
Understanding these characteristics is crucial for comprehending the performance and benefits of CFT structures
(lannone et al., 2009)0.

Introduction and Main Advantages

It is known that the compressive strength of concrete is much higher than its tensile strength. For structural steel
the tensile strength is high while the shape can locally bend under compression actions. In tubular steel elements
filled with concrete, these two elements are used in such a way as to exploit their natural and most significant
characteristics.

CFTs do not require other reinforcements as it is the pipe itself that acts as a longitudinal and lateral
reinforcement for the concrete core. As regards the placement of steel in the longitudinal direction with respect
to the perimeter of the section, this is the most efficient use of steel as it provides the best contribution to the
moment of inertia and to the flexural strength of the section. In addition, the continuous confinement provided
to the concrete core (Montuori et al., 2012; Montuori et al., 2013) by the steel pipe improves the strength and
ductility of the core and prevents chipping of the concrete. The concrete core makes a great contribution to the
load-bearing capacity under axial loads and delays the local instability of the steel pipe preventing inward
instability (Han et al., 2005; Shams et al., 1999).

The local instability of a hollow steel tube, in fact, is characterized by the combination of inward and outward
deformations of the plates while in the case of SHS (square hollow sections) and RHS (rectangular hollow
sections) elements these deformations interact through rotations at the edges for compatibility needs. In contrast,
only outward deformations of the plate elements that make up the steel tube are allowed in CHS elements. The
local instability of a hollow steel tube, in fact, is characterized by the combination of inward and outward
deformations of the plates while in the case of SHS (square hollow sections) and RHS (rectangular hollow
sections) elements these deformations interact through rotations at the edges for compatibility needs. In contrast,
only outward deformations of the plate elements that make up the steel tube are allowed in CHS elements
(Susantha et al., 2002; Gourley et al., 2001; Nastri et al., 2022).

Fire Behaviour of CFTs

Among the non-negligible advantages should be considered the high fire resistance offered by this type of
pillars thanks to the dissipating effect provided by concrete, which delays the increase in temperature in
composite sections compared to bare steel sections. The literature suggests that the typical behavior of a CFT
column subjected to standard fire testing can be divided into four phases (Lapuebla Ferri et al., 2021). At the
beginning of the test, in fact, the steel pipe heats up more quickly and expands faster than the concrete core
(phase 1), being directly exposed to the heat source. The increased thermal conductivity of steel accelerates the
heating of the outer tube and thus its thermal expansion. Due to this faster axial elongation of the steel pipe and
the occurrence of sliding at the steel-concrete interface, the concrete core loses contact with the plate and the
axial load ratio of the steel increases progressively until the entire applied load is supported by the steel pipe
alone. The outer tube remains at full load for a significant time until the critical temperature of the steel is

3
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reached. At this point the local failure of the steel pipe occurs and begins to shorten (phase 2), allowing the plate
to meet the concrete core again. As the column gets shorter, the steel pipe progressively transfers the load to the
concrete (phase 3) and a reversal of the axial force ratio occurs, so that it is the concrete core that becomes the
main resistant element of the column, since the pipe has lost its bearing capacity. Thanks to its low thermal
conductivity, the concrete core degrades slowly with advancing temperature, until the total loss of its strength
and rigidity and, therefore, to failure. This, however, guarantees high fire resistance and longer times before
complete collapse.

Experimental Tests

According to the pre-planned experimental procedure, four Concrete-Filled Steel Tube (CFT) columns were
tested (Figure 3).

IR o 4
Figure 3. C5-C8 CFT specimens.

Description of the Experimental Tests

Four steel concrete filled columns were analysed, on which a series of cyclic tests have been carried out through
a hydraulic actuator. The main difference between the tested specimens is the width-to-thickness ratio D/t. The
steel used is S355 grade, but it behaves more like a high strength steel. As regards concrete, class C30/35 has
been adopted (Roesler et al., 2007; Guo, 2014). Each model has been made from a rolled steel sheet, welded
along a longitudinal side. The tubes tubes have an outer diameter (D) ranging from 249.2 to 260.4 mm, a height
(h) of 2400 mm, and a wall thickness (t) varying between 6.1 and 10.6 mm. Both ends of these tubes were
welded with 20 mm thick plates. The geometry is summarized in Table 1.

Table 1. Geometry of the CFT specimens.

Label h [mm] D [mm] t [mm] D/t [-]
C5 2400 249.2 6.1 40.85
C6 2400 260.4 10.4 25.04
Cc7 2400 249.4 6.2 40.23
C8 2400 255.2 10.6 24.08

To achieve composite action, the steel tubes were filled with the C30/35 concrete mix using a truck-mounted
pump. Subsequently, internal consolidation of the concrete was accomplished using a vibrating poker. Finally,
the specimens were carefully stored for an appropriate duration to ensure proper curing.
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Experimental Setup

Four steel concrete filled columns were analysed, on which a series of cyclic tests have been carried out through
a hydraulic actuator Regarding the CFT elements under examination, three-point bending tests were performed
under both cyclic load conditions. In particular, the specimens called C5-CA and C7-CA were subjected to
cyclic testing at constant amplitude (0-140 mm) and speed, while the C6-VA and C8-VA specimens were
subjected to cyclic testing at increasing amplitude and speed (Table 2).

Table 2. Displacement history of the cyclic test (C6, C8).

n.cycles Drift angle [rad] Displacement [mm]
6 0.00375 5.64375
6 0.005 7.525

6 0.0075 11.2875
4 0.01 15.05

2 0.015 22.575
2 0.02 30.1

2 0.03 45.15

2 0.04 60.2

2 0.05 75.25

2 0.06 90.3

2 0.07 105.35
2 0.08 120.4
Until rupture 0.08 120.4

No axial load was applied to the specimens. Consequently the response of these structural elements has been
strongly governed by flexural behaviourO (Montuori et al., 2015).Figure 4 depicts a schematic view of the test
setup used in the experimental investigation. The setup involved the arrangement of two articulated pins at the
ends of the beam, with the two plates being fixed to the pins using 16 bolts of M20 type on each plate. The
articulated supports were securely fixed to the testing machine's plane using 8 M22 pins. This setup allowed for
free rotation of the specimen's ends within the plane, enabling a simply supported configuration.

The flexural load was applied to the specimen at its center using a hydraulic actuator To connect the specimen
with the actuator, a hollow semi-cylindrical element was placed at the center of the specimen and secured with 3
bolts on each side to ensure a conforming connection.
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Figure 4. Experimental setup scheme.

The C5-CA specimen was subjected to a cyclic test at a constant amplitude of 0-140 mm, with a constant speed
of 0.25 mm/s. The specimen developed two bulges and cracks near the attachment to the load cell and reached
rupture after 21 cycles. (Figure 5).
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C5-CA

160

o[mm]
Figure 5. C5 Experimental curve.
The C6-VA specimen underwent a cyclic test with a variable and increasing amplitude following the AISC

protocol. The initial amplitude was set at 0.1 mm, and the test started with an initial speed of 4.425 mm/s. It
reached rupture after 28 cycles, occurring near the hinge side due to a welding defect

Co6-VA
800

100

Figure 6. C6 Experimental curve.

The C7-CA specimen specimen also underwent a cyclic test at a constant amplitude of 0-140 mm, with a
constant speed of 1 mm/s.. Similar to the C5-CA specimen, it developed two bulges and cracks near the
attachment to the load cell and reached rupture after 24 cycles. (Figure 6).
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C7-CA

o[mm]
Figure 6. C7 Experimental curve.

The C8-VA specimen was subjected cyclic test with a variable and increasing amplitude following the AISC
protocol. The initial amplitude was set at 0.1 mm, and the test started with an initial speed of 4.425 mm/s. It
reached rupture after 48 cycles, occurring near the rigid stub (Figure 7).

150

Figure 7. C8 Experimental curve.

Finite Elements Simulation

The finite element modeling in this study was performed using Abaqus software. The "Concrete Damaged
Plasticity" failure criterion was utilized to model the plastic behavior and damage of the concrete core. This
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criterion requires input parameters such as uniaxial tension and compression curves, along with associated
damage, calibrated based on average failure load values obtained from tests conducted on cubic specimens of
concrete. The calibration parameters were determined based on (Nastri et al., 2022; Guo, 2014; Nastri et al.,
2023).

For modeling the plastic behavior of the steel, a combined hardening model was employed. This model was
calibrated using experimental data obtained from dog bone specimens extracted from the concrete-filled tubes.
The Johnson-Cook model was applied to capture the damage evolution, which requires the definition of damage
initiation and displacement at failure. Interface contact was modeled with a tangential frictional coefficient of
0.6 and a hard normal contact (Montuori et al., 2015; Han et al., 2014).

To assess the accuracy of the simulations, a comparison was made between the experimental reaction force-
displacement curve and the corresponding curve obtained from the finite element model for the constant
amplitude specimens (C7) (Figure 8a). Furthermore, the skeleton curve, representing the locus of peaks
resulting from the cycles, was used to compare the experimental and FE results for the variable amplitude tests.
An example of this comparison is shown for specimen C8 (Figure 8b).

C7 C8 - Skeleton curve
400 800
300
200
=100 —
2 z
0 =150 150
2100 0
i ) X C8 Experimental
=200 C7 Experimental " ame] 00 &— Skeleton Curve
300 : C7 Abaqus _800 —-B— Abaqus Skeleton curve
6[mm] o[mm]
(@) (b)
Figure 8. C7-C8 Experimental vs Abaqus.
(@) (b)

Figure 9. Damage occurred near the rigid stub.

The agreement between the simulated and experimental results was evaluated by analyzing the area under the
curves, which represents the energy dissipated during cyclic bending. The error in estimating this value ranged
from 1% to 5% across all tests, indicating a satisfactory level of accuracy. The simulations accurately captured
the plastic deformations that occurred under the tensional state.

A further aspect of comparison involves visualizing the damage formation in the steel material. Figure 9
illustrates the comparison between the observed damage during the experimental test (a) and the damage
obtained by removing the mesh elements that reached the maximum damage level in the Abaqus simulation (b).
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Conclusions

This study aims to contribute to the existing knowledge on concrete-filled tubes, providing valuable insights for
engineers and researchers involved in the design and analysis of composite structures. The combined
experimental and FE modeling approach offers a comprehensive evaluation of the structural behavior of CFTs
under various loading conditions. The results obtained from the experimental tests and the corresponding FE
simulations can provide guidance for future design improvements, optimization strategies, and practical
applications of concrete-filled tubes.

The analysis of the results of the experimental tests carried out confirmed the high ductility and energy
dissipation capacity of CFTs. The CFT profiles have shown failure in the expected area, except for a specimen
evidently affected by a construction defect; Most profiles have collapsed by simple bending resulting in
cracking and breaking of the steel profile; The combination of concrete and steel affects the strength of the
profile increasing its performance.

Comprehensive information regarding the geometry of the specimens and the test procedures was provided for
the experimental tests, serving as a valuable reference for future experiments. These details are also essential for
developing a precise finite element (FE) model. In the FE simulation, failuree criteria and damage models were
implemented for both the steel and concrete materials, considering their interaction. The comparison between
the experimental and simulated results, specifically in terms of energy dissipation, revealed errors ranging from
1% to 5%. Furthermore, a graphical comparison of the formation of lesions was presented. In this aspect as well,
the simulated model exhibited good agreement as the removal of mesh elements that reached the maximum
damage level occurred near the bulging regions, similar to the observed behavior in the experimental tests.

Scientific Ethics Declaration
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Notes

* This article was presented as an oral presentation at the International Conference on Research in Engineering,
Technology and Science (www.icrets.net) held in Budapest/Hungary on July 06-09, 2023.
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Abstract: One of the biggest challenges of the 21st century is to manage population growth and the resulting
impacts. Population numbers that exceed the earth's carrying capacity are placing huge environmental pressures
on the environment. This is not only reflected in waste management, energy consumption and the use of fossil
fuels, but also in a deteriorating quality of life. The millions of people living in metropolises around the world,
with their given road networks, create huge transport anomalies that need to be addressed at national and
international level. Road congestion, drastic increases in journey times and the rising cost of travel have
highlighted the importance of improving public transport. However, for public transport to be attractive, it is
essential that the transport alternative itself is fast, comfortable and modern. In the present study, two metro
construction projects in cities with high populations (Mumba, Ryadh) are examined, with particular attention to
the scale of the project and its usability. The study aims to highlight the visible objectives expressed by the end-
users and their reflection in the project based on the results of a primary survey in 2022 and a primary survey in
2023. We will focus on the different phases of project management that lead to the success of the project.

Keywords: Transport, Sustainability, Project, Project scope

Introduction

Defining sustainability is not an easy thing. Many people define its concept in the most different ways, while
there are also many people who are not fully aware of the meaning of the concept. Nowadays we say that many
things are sustainable and many people consider themselves to be sustainable, but is this really true? Are we
aware of what it means to be sustainable? Sustainability has become a popular term today. If you search the
internet for sustainability, you will get 2.2 billion results in 0.55 seconds. This shows that sustainability is a
much sought-after and popular topic for many people, but it is not the only reason why we need to address it.
Indeed, the planet has undergone a major transformation and the last decades have seen an unprecedented
explosion in many ways. The world's GDP or the volume of world trade has risen at an unprecedented rate since
1960, as has been seen in the change in population numbers, among other things. In a very short space of time,
we have witnessed large-scale increases that have shed new light on the finite capacities of our planet. We have
finite resources and opportunities in the face of infinite growth, so it is only a matter of time before the two are
finally separated. Sustainability has become not only a fashionable term, but also a concept that increasingly
affects our lives. It indicates a major problem, behind which we can assume that something is not working very
well and that major change is needed. Meanwhile, globalisation and increasingly intense change are placing new
challenges on the shoulders of humanity. Globalisation and digitalisation have significantly changed market and
consumer expectations, generating new needs, new services, new strategic solutions and new consumer
competences (Garai-Fodor, et al., 2023; Garai-Fodor 2022; 2023). The question rightly arises: in what ways can
we sustainably maintain or improve our quality of life? Today, our lives are hampered by many problems.
Rising energy prices, population growth and dwindling resources are all pushing us to look at sustainability in a
new light. We also need to be clear that sustainability is no longer just about our consumption, but also about
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being sustainable in areas such as public transport, which is used by many people. In the case of public
transport, too, the increasing number of passengers, the drastic rise in energy prices or the shortage of raw
materials and commaodities that are important for transport can cause problems on a daily basis. From this
perspective, sustainability must also be interpreted and even examined in relation to public transport, given that
we are talking about a system that offers a significant proportion of humanity a choice of alternatives and
services. However, while we are striving for sustainability in transport, we must not lose sight of the fact that we
must at the same time be able to provide a service that is of the right quality, up-to-date and that offers
maximum passenger satisfaction. We must provide a sustainable, economical, efficient and high-quality service,
which is often not easy, but the challenges of the 21st century have made such demands on transport.

Literature Review

The issue of lifestyle is closely related to sustainability. Sustainable living defines important conditions for
everyday people. We really need to think differently about life, we need to change our perception of life, our
relationship with nature and our role on the planet. Sustainability is most often associated with consumption
(Tseng et al, 2016; Csutora et al., 2022), where it is often thought that all that is needed to have a sustainable
world is to consume more consciously or less (Harjato et al, 2021; Wang et al, 2019). If we want to understand
sustainability in this dimension for transport, we could say that sustainable transport means travelling less. Most
definitions associate sustainability with the finite resources and potential of our planet, but again this implies a
consumption-centred approach (Dolan, 2002; Pogutz & Micale, 2011). However, sustainability cannot be linked
to consumption alone, as the pursuit of sustainability has a well-defined purpose. Namely, to protect the
condition and quality of our environment so that we can live in an environment that provides a suitable living
space for all. Defining sustainability is still a challenge today, as many things can be sustainable. Sustainable
systems, sustainable cities, sustainable budgets, sustainable tax systems, sustainable entrepreneurship (Gydri -
Ocsai, 2013), sustainable business environments, sustainable finance and banking (Gyéri et al., 2021)
sustainable tourism (Borzan & Szekeres, 2019; Borzan & Szekeres, 2021), sustainable education (Borzan et al,
2022) and so on. Sustainability could be an important issue in project management as well (Blaskovics, 2016;
2018; Blaskovics et al., 2023). We also hear a lot about sustainable transport or transport systems. It is safe to
say that sustainability has a slightly different meaning everywhere, as it means something different in economic,
ecological or even transport terms (Morelli, 2011). It was mentioned earlier that sustainability actually requires a
complete change of consciousness and lifestyle from humanity. Despite this, we often associate the issue of
sustainability only with consumption. However, sustainability covers more than that, it can really require a
change of lifestyle. Sustainable life refers to a lifestyle and way of living that meets the needs of the present
generation without compromising the ability of future generations to meet their own needs. It involves making
conscious choices and adopting practices that minimize negative impacts on the environment, society, and
economy. A sustainable life prioritizes resource conservation, social equity, and economic viability, aiming to
create a balanced and harmonious relationship between human activities and the natural world. This
encompasses actions such as reducing waste and consumption, promoting renewable energy sources, supporting
local communities, practicing eco-friendly habits, and fostering a deeper connection with nature. Sustainable
living is the practice of adopting habits and behaviors that promote long-term environmental, social, and
economic well-being (Livermore, 2012). It involves conscious efforts to reduce one's ecological footprint by
making choices that are less resource-intensive and environmentally damaging. Sustainable living encompasses
various aspects of daily life, including housing, transportation, food choices, energy consumption, waste
management, and consumer behavior. It emphasizes the use of renewable resources, responsible consumption,
recycling, reusing, and supporting ethical and eco-friendly products and services. Sustainable living encourages
individuals and communities to take active roles in preserving the Earth's ecosystems, biodiversity, and natural
resources for future generations (Butters, 2021). A sustainable lifestyle is a way of living that incorporates
sustainable practices and values into all aspects of life. It involves making deliberate choices aligned with
environmental and social consciousness to reduce one's impact on the planet. A sustainable lifestyle embraces
simplicity, mindfulness, and a sense of interconnectedness with nature and fellow human beings (Dimitrova et
al, 2021). Key elements of a sustainable lifestyle include reducing waste, conserving energy, opting for
sustainable transportation, supporting local and organic products, engaging in environmental activism and
advocacy, and promoting social equity and justice. By adopting a sustainable lifestyle, individuals strive to be
responsible global citizens, actively contributing to the preservation and regeneration of the Earth's ecosystems
and fostering a more equitable and thriving world (Bohme, 2022). However, all definitions of sustainability
have something in common. Wherever sustainability is pursued, it is always aimed at having a positive impact
on the environment. We want to strive for sustainability in order to make a positive change and a positive
impact on our environment. The definition of transport and sustainable transport, which is the subject of this
study, is a perfect example of this. The OECD links sustainability and transport. It mentions that transport faces
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the same challenges of resource scarcity or increasing demand for services as other productive or service
sectors. Moreover, public transport is often under an even greater burden, often having to provide a sustainable
service to millions of people on a daily basis. Sustainable transport, according to the OECD, is transport that
does not endanger public health and the ecosystem, but provides a service that meets transport needs at the right
quality (OECD, 2022). Sustainable transport is expected to use renewable resources at a slower rate than the
time it would take to recycle them. And resources that cannot be renewed are used much more slowly than
renewable resources. All this points to the need for sustainable transport in this sense to have a positive impact
on people's environment, but also to ensure an adequate level of service. The significant positive and negative
impacts of transport systems on both the sustainability of cities and people's lives have been demonstrated in
several cases. In order to promote sustainability, a number of transport improvement projects are being
launched, often with technical or financial constraints. This makes it difficult to implement such projects
(Mahmoudi et al, 2021). Creating sustainable transport can be important not only at regional, state or city level.
The European Union itself has set significant climate targets, one of the most important of which is the
decarbonisation of the transport sector. The EU has pledged to reduce emissions to 0% by 2050 and achieve a
form of climate neutrality. This requires a significant reduction in greenhouse gas emissions, but still providing
services and solutions that are affordable for citizens (EC, 2022). Among these initiatives, we can assume a
significant transformation, with a large number of investments and projects (Varga — Csiszarik-Kocsir, 2019;
Dobos et al, 2022). Achieving zero emissions in the transport sector will require replacing, upgrading or
adapting many of the technologies or devices that have been in place in the past. But transport cannot be left out
of the continuous improvement and regular investment. Public transport is seen as a key element in building
sustainable cities and should therefore be central to the sustainability of cities and regions (Miller et al., 2016;
Kovacs et al., 2020). Sustainable transport is not just about the environmental quality of the means of transport
themselves. It means at the same time environmentally sustainable transport, sustainable transport system and
sustainability of transport processes (Cheba & Saniuk, 2016). A sustainable transport system should enable
mobility for all inhabitants, but in a way that is safe and environmentally friendly. This is not an easy task, as
the needs and demands of people from different income groups are different, and it is not always possible to
provide this at the same level (Mohan & Tiwari, 2000). However, transport sustainability in this interpretation is
also strongly linked to its impact on the immediate environment. The positive relationship between transport
sustainability and quality of life has also been clearly confirmed (Steg & Gifford, 2005). Sustainable transport
also seeks to maintain a balance. This balance should not only be between transport and quality of life, but
should also focus on environmental, economic and social aspects. Sustainable transport must therefore be able
to provide environmental, economic and social benefits at the same time (Gilbert & Tanguay, 2000). The
relationship between transport and the environment is very closely linked, and this includes the development of
transport infrastructure or the modernisation of transport facilities in such a way that transport itself becomes
more environmentally friendly and environmentally aware. Challenges in implementing sustainable transport
programmes and projects include the complexity of transport problems in the urban environment, conflicts of
interest or lack of adequate resources (Fernandez-Sanchez et al, 2020). There is also a strong link between
sustainable transport development and project management. While it has become essential to apply
sustainability criteria to public transport, economic aspects cannot be ignored. Development projects often have
significant cost and time requirements, in addition to the scarcity of other resources in the transport sector. In
most cases, development takes the form of major projects or programmes, all with a single objective: to achieve
a positive impact that safeguards environmental assets without depriving citizens of transport services. In this
way, public transport projects try to achieve the desired impact by maximising resource constraints and, while at
the same time being cost and time-constrained, by trying to produce an outcome that meets citizens'
expectations while at the same time having a positive impact on their quality of life and the environment.

Material and Methods

The megaprojects presented in this study are included in the top 50 projects list published by the Project
Management Institute (PMI, 2021), an organisation that develops project management standards and selects
each year the most inspiring and exemplary projects of the year to be used as a model for future similar
initiatives. In this study, we would like to present two projects that aim to improve public transport, educate
people about the use of cars and reduce the time and safety of transport. The modernisation of public transport
will encourage more people to choose surface or underground solutions rather than driving and generating
congestion. The two projects presented are metro projects in cities with very high populations (Ryad and
Mumbai). The two projects under study are analysed from a user perspective, so no filtering criteria were
applied in the selection of the sample of respondents, i.e. educational qualifications, previous project
management knowledge were not criteria, i.e. anyone could fill in the questionnaire as a basis for the evaluation.
Respondents were asked to rate the selected projects on the basis of some factors related to the scope of the
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project. Respondents rated the factors on a scale of 1 to 4, with a score of 1 indicating a very weak factor and a
score of 4 indicating a very strong factor. The characterisation of project scope is presented using a word cloud.
39.5% of the sampled respondents have a tertiary education, while 60.5% have a secondary education. 12.2% of
respondents are Generation Y, 23.3% are Generation X and 64.5% are Generation Z. The survey was conducted
in April and May 2022.

Results and Discussion

The Mumbai-Metro Project

Mumbai is one of the world's most populous cities. The city's rail system moves more than 7 million people
commuting daily, which means that situations that endanger passengers are very common. Due to the large
crowds, passengers often fall in front of trains or get injured in the crowd. This is why the city authorities
decided to modernise the public transport network. The construction of metro line 3 was a huge challenge for
the contractors. The first step was to create one of the longest tunnel systems in the world, 33.5 km of
underground tunnels with 27 stations. This was a huge challenge, as the line ran through highly populated parts
of the city, passing under many tall and listed buildings, and was complicated by overpasses, metro viaducts and
railway lines. Getting the tunnel boring machine to the starting point was also a major challenge. During the
construction, 8,000 workers and 17 drilling machines worked 24 hours a day to ensure that the plans could be
kept on schedule. (PMI, 2021). However, an outbreak of the coronavirus made it very difficult to complete the
work on time. Every time a worker fell ill, a team was quarantined, resulting in huge delays to the project. In
addition, the works were scheduled during the monsoon season, which meant that flooding also posed a risk to
the people working in the tunnel. This project was also specifically designed with the environment in mind. The
basic mission of the project is also to reduce the city's carbon dioxide emissions, both by reducing the number of
vehicles and by the forest development associated with the project.When respondents were asked to characterise
the project scope along the given characteristics, it was seen that it was rated as being of public interest, useful
and usable with a much higher ratio compared to the previous project, as the average score for these three
characteristics was above 3.6 in all cases. This was followed by a markedly lower average score (around 3.2) for
relevance, future focus and feasibility. Respondents ranked the project scope as the least cost-efficient and
innovative, with the uniqueness and uniqueness of the project ranking third.

Table 1. The ranking of the scope elements of the Mumbai-Metro project

Mean Std. Deviation
novelty 2,517 0,834
usefulness 3,669 0,530
interesting 2,616 0,926
future focus 3,227 0,795
sustainability 3,023 0,823
relevance 3,273 0,742
feasibility 3,221 0,699
usability 3,610 0,653
public interest 3,721 0,544
profit orientation 2,523 0,927
uniqueness 2,523 1,011
cost-effectiveness 2,448 0,887
environmental awareness 3,006 0,921

Source: own research, 2022, N =172

The research also assessed the average evaluation of the project from the users' perspective. It can be seen that
more than 75% of the respondents rated it as good or better, which is definitely a sign of user acceptance.

Table 2. The overall evaluation of the Mumbai-Metro project

Percent
satisfactory 4,070
medium 19,767
good 50,581
excellent 25,581

Source: own research, 2022, N =172
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We also wanted to investigate the impact of the overall project evaluation on the rating of each element of the
project scope. To do this, we carried out an analysis of variance and considered the relationship to be significant
where the significance value was below 5%. The results in the table below show that virtually all elements are
influenced by the average project perception, which implies that winning the end-user in the first round is a very
important factor.

Table 3. Correlation between the Mumbai-Metro project scope perception and average project rating

F Sig.
novelty 1,932 0,126
usefulness 5,546 0,001
interesting 4,049 0,008
future focus 7,747 0,000
sustainability 6,791 0,000
relevance 6,064 0,001
feasibility 3,658 0,014
usability 5,296 0,002
public interest 9,897 0,000
profit orientation 4,943 0,003
unigueness 6,010 0,001
cost-effectiveness 12,321 0,000
environmental awareness 18,592 0,000

Source: own research, 2022, N = 172 (One-way ANOVA, sig = 0,05)

The Riyadh-Metro Project

Saudi Arabia's largest city, Riyadh, previously had no culture of public transport use. With a population of 8.3
million expected by the end of the decade, the vast majority of people in the city will be travelling by car,
causing huge environmental damage, congestion and air pollution, and degrading the quality of life of the
people living there. The metro project to be unveiled consists of six autonomous lines totalling 176 km, making
it the largest public transport project in the world. This is complemented by an extensive network of bus lines,
which will cover a further 1150 km (PMI, 2021). The project had a budget of USD 23 billion and was planned
to be completed in seven years. The project has a constant focus on a greener approach to a more sustainable
future. The design has also taken care of cooling and shading the surrounding areas, using innovative solutions
(irrigation channels, canopy, internal and external vegetation). Respondents were then asked to rate one
characteristic of project scope on a four-point scale. Here, the highest average scores were given for usefulness,
public interest, usability and future focus. The four attributes were all rated above 3.5. In addition, a very high
proportion considered the project to be environmentally friendly, sustainable, relevant and feasible, as indicated
by average scores above 3.0. The project was considered least profit-oriented, as it received the lowest average
rating. Similarly, cost-effectiveness was also rated low, with the uniqueness and uniqueness of the project
ranking third from the bottom. The latter is not surprising as the public transport infrastructure is not particularly
unique in itself, but the technology used, the architectural solutions and the solutions to protect the environment
fall into this category. However, this is not something that the survey respondents have seen from the outside at
this stage of the project.

Table 4. Evaluation of the scope of the Riyadh-Metro project

Mean Std. Deviation
novelty 2,866 0,851
usefulness 3,576 0,649
interesting 2,860 0,926
future focus 3,500 0,697
sustainability 3,297 0,725
relevance 3,180 0,618
feasibility 3,017 0,761
usability 3,529 0,644
public interest 3,547 0,678
profit orientation 2,401 0,934
unigueness 2,657 0,951
cost-effectiveness 2,610 0,921
environmental awareness 3,442 0,751

Source: own research, 2022, N = 172
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In this case, we also assessed the average evaluation of the project from the users' perspective. It can be seen
that more than 75% of the respondents rated it as good or better, which is definitely a sign of user acceptance.
However, this also includes potential end-users who rated the project as unsatisfactory and expressed their
displeasure.

Percent
unsatisfactory 2,326
satisfactory 5,233
medium 13,372
good 50,581
excellent 28,488

Source: own research, 2022, N =172

We were also interested to see to what extent the average rating of the project influenced the perception of each
element of the project scope. The data show that the rating of the vast majority of the factors is not affected by
the overall rating of the users. The only factors that influenced were future focus, relevance, public interest and
profit orientation. This is surprising because in the previous case almost all factors were influenced by the
average rating. It should be noted, however, that in this case the rejection of the project has already appeared, as
indicated by the average rating.

Table 6. Correlation between the Ryadh-Metro project scope perception and average project rating

F Sig.
novelty 2,622 0,052
usefulness 1,843 0,141
interesting 2,440 0,066
future focus 3,383 0,020
sustainability 1,215 0,306
relevance 10,408 0,000
feasibility 0,892 0,447
usability 1,013 0,388
public interest 6,106 0,001
profit orientation 4,313 0,006
unigqueness 1,829 0,144
cost-effectiveness 2,441 0,066
environmental awareness 1,352 0,259

Source: own research, 2022, N = 172 (One-way ANOVA, sig = 0,05)

Conclusion

If we evaluate the two projects as a whole, it can be said that the social utility of each of them is outstanding.
Many cities, including Riyadh and Mumbai, have realised that while car transport is more convenient and
practical in many cases than public transport, it still places a huge burden on cities and therefore the planet.
Public transport offers an alternative to environmentally damaging car travel, by providing an efficient way to
get large numbers of people where they need to go. By reducing air pollution, congestion and the negative
impact on the environment. The evaluation of the projects shows that they were very positively received by the
respondents, even though they may not be direct users. The message value of the projects was that they were
perceived as being of most public interest, useful and usable, as these three main characteristics dominated the
top three places in the respondents' opinion. In terms of cost-effectiveness, however, respondents had doubts.
Obviously this is not a coincidence, as a project to improve public transport is implemented with a huge budget,
the benefits of which will only be felt after several years or even decades. Adequate quality public transport and
education can certainly be a solution to the environmental problems of our time. The two projects presented in
this case and their evaluation by users are certainly a message for future developments, which can help to
determine the purpose and direction of similar projects.
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Abstract: Biodiesel is preferred as an alternative fuel due to its sustainability and easy availability of raw
materials. Studies to improve biodiesel production time and costs are gaining importance in terms of being used
in higher portions as a fuel. Traditional catalytic biodiesel production is time- energy-consuming due to
feedstock preprocessing, product separation, and purification steps. Non-catalytic biodiesel production using
supercritical alcohol may shorten and eliminate the pre- and post-production stages in terms of time and cost
compared to traditional methods. In this study, canola oil was converted to biodiesel using supercritical
methanol. Biodiesel production was carried out in the bench-size supercritical reactor that was fabricated as part
of this study. The higher yield was obtained from biodiesel produced using canola oil and supercritical methanol
compared to the traditional catalytic methods. 98.8 % yield was obtained at 240°C and 8.3 MPa which were just
above the critical temperature and pressure of methanol. Including reaction and separation, the complete process
via supercritical transesterification took 180 minutes, while the whole traditional base-catalyzed
transesterification process takes approximately one day.

Keywords: Biodiesel, Supercritical methanol, Transesterification

Introduction

Catalytic biodiesel (BD) production is a time and energy-consuming process that involves various
preprocessing, separation, and purification steps. In contrast, non-catalytic BD production using supercritical
alcohol offers the potential to simplify these stages (Saka & Kusdiana, 2001; Demirbas, 2006). Supercritical
alcohol can create a homogeneous phase with triglycerides at high pressures and temperatures, allowing
reactions to occur without needing a catalyst. The separation of BD from glycerol is also easier in the
supercritical method than in conventional technologies requiring additional purification steps. While the
supercritical method requires high temperatures and pressures, it presents advantages over traditional methods.

Supercritical methanol (SCM) refers to methanol in a state above its critical point as shown Figure 1, where the
phase boundary between liquid and vapor disappears. At these conditions, methanol exhibits a liquid-like
density and gas-like transport properties such as diffusivity and viscosity. The single-phase characteristics of
SCM make it an excellent solvent for biodiesel production.

Although base catalyzed transesterification has been used for BD production for decades, the feedstock used has
certain limitations, including their free fatty acid (FFA) and water content, the length of time required for the
purification of reaction products, and the large amount of waste water that is generated (Meher et al., 2006;
Sharma & Singh, 2007). As a solution to these problems, in 1998 Diasakou et al. developed the non-catalytic
transesterification method using a subcritical temperature of methanol (240°C, 220°C, 235°C). Previous studies
have investigated supercritical transesterification using methanol as a supercritical fluid. Researchers have
explored various temperatures, pressures, reactor sizes, and oil types to achieve high conversion rates within
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short reaction times. For instance, Saka and Kusdiana (2001) successfully produced BD from rapeseed oil using
SCM in a 5 mL Inconel 625 batch reactor, achieving over 95% conversion in 5 minutes. Table 1 summarizes
some of the notable studies on SCM transesterification with different oils and reaction conditions.
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Figure 1. Phase diagram of methanol (Ebert, 2008)

Table 1. Some SCM transesterification of various vegetable oils (Silva & Oliveria, 2014).

Temperature Oil type Oil :Alcohol Reactlon Reactor type Conversion of Reference
Pressure (molar ratio) time methlyester

350°C, . . 5mL,BR o Saka and

450 bar rapeseed  1:42 4 min Inconel >95 % Kushidiana, 2001
350°C, _ : 100 mL, 0 .

Not recorded hazelnut 1:41 5 min BR, SS 95 % Demirbas, 2002
350°C, . . 8 mL, BR, 0 Madras et al.,
200 bar sunflower  1:40 40 min sS 96 % 2004

350°C, . . o Bunyakiat et al.,
180 bar coconut 1:42 7 min TR,SS 95 % 2006

%gg bca’r soybean 1:42 30 min 200 mL BR 90 % He et al., 2007
igg bca’r soybean  1:40 20min BR 70 % Wang et al., 2008
3NSO(i rce(’:or g PAImoil 140 20 min BR 80 % Tan et al., 2010
gég bca’r palmolein  1:40 ~15min TR 85 % Choi et al., 2011
270°C, waste 1:1 . 0

100 bar canola (mass ratio) 45 min BR 96.4 % Lee et al., 2012

BR: batch reactor; TR: tubular reactor; SS: stainless steel

While maximum operating pressures, operating temperatures, and reactor sizes were reported in previous studies
to be 450 bars (Saka & Kushidiana, 2001), 350°C and 200 mL (He et al., 2007), their minimum values were 100
bar, 270°C (Lee et al., 2012) and 5 mL (Saka & Kushidiana, 2001), respectively.

It was necessary to design and manufacture a bench-scale batch reactor in order to meet the extreme process
conditions of high pressure and temperature required to manufacture BD using the supercritical fluid method
(Al-Shanableh, 2017; Al-Shanableh & Savas, 2022). By using the designed supercritical reactor, canola oil was
transformed into BD. This study focuses on the production of BD using supercritical methanol (SCM) in a
bench-scale reactor.

Method

Materials

Refined canola oil (RCO) and anhydrous methanol (MeOH) were used as the feedstock for BD production. The
canola oil was purchased from a local supermarket, while the methanol (99.8 % purity) was obtained from
Merck. Fatty acid compositions of RCO was determined following the EN 1SO 5508 in the TRNC- Ministry of
Health-Directorate State Laboratory-Nicosia using Gas Chromatography (GC). Fatty acid content of RCO was
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found as 0.08 wt % of lauric acid (C12:0), 5.63 wt % of palmitic acid (C16:0), 1.57 wt % of stearic acid
(C18:0), 62.97 wt % of oleic acid (C18:1), 21.34 wt % of linoleic acid (C18:2), 6.99 wt % of linolenic acid
(C18:3), 0.46 wt % of arachidic acid (C20:0) and 1.04 wt % of gondeic acid (C20:1). Trace amounts of other FA
constituents like 0.001 wt % of erucic acid (C22:1) in RCO were not taken into consideration.

Experimental Setup for Biodiesel Production by SCM

The experimental setup involved a bench-size, batch-type reactor designed to handle the extreme process
conditions of high temperature and pressure as shown in Figure 2 (Al-Shanableh, 2017).

v

Figure 2. Photograph of designed and manufactured supercritical reactor.

The experimental setup for one-step supercritical methanol transesterification was designed to operate under
high temperatures and pressures. Nitrogen gas was used as an inert medium to provide pressure, and a flexible
high-pressure hose connected the supercritical reactor. The reactor was equipped with an external heater,
insulating mantle, electromagnetic stirrer, safety valve, pressure gauge, and thermocouple for temperature
measurement. A laboratory type double pipe heat exchanger served as the condenser. The experimental setup
used is illustrated in Figure 3.

1: Nitrogen tube (200 bar)
2: Pressure regulator

3: Flexible high pressure

nitrogen line

: Superecritical reactor

: Heater & insulating mantle

: Magnetic stirrer

=
~N oo o1 b~

: Electronic processes

controller (display)
I|§LI- 8: Power supply of heater

12

9: Release & Safety valves
10: J type thermocouple

11: Pressure gage

— 12: Condenser

Figure 3. Schematic diagram of supercritical BD production set-up

Experimental procedure for Biodiesel Production by SCM

The supercritical methanol transesterification of canola oil was carried out using the experimental setup
described above and following the steps in the flowchart as shown in Figure 4.
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Figure 4. Flowchart for the experimental procedure of the SCM biodiesel production

The procedure involved charging a mixture of RCO and methanol into the supercritical reactor, mixing them to
obtain a homogeneous mixture, closing the reactor, and adjusting the temperature and pressure to reach the
supercritical fluid region. The reaction time varied from 1 to 3 hours, and after the specified reaction time, the
reaction vessel was removed from the heating jacket, and the cooling process took place. The excess methanol
was transferred to the condenser, and the product mixture was poured into a separation funnel to separate the
fatty acid methyl esters (FAME) and glycerol phases. The FAME was further heated to remove any remaining
water or methanol, and its weight was measured to determine the transesterification yield. After production was
completed to ensure the quality of produced biodiesel, its properties such as viscosity, cloud point, and pour
point were measured following corresponding ASTM and EN-ISO standards.

Results and Discussion
Biodiesel Yield by SCM Transesterification

SCM transesterification experiments were conducted as five batches at constant temperature and pressure of
240°C and 8.3 Mpa, respectively which were just above the critical temperature and pressure of methanol. These
minimum operating temperature and pressure were preferred to ensure safety, even though it would result in
longer reaction times. The reaction time started from 1 hour for the first batch, then, increased by half an hour
for the next batch and so on. The percent conversion of canola oil to biodiesel was determined using the
equation below (Phan and Phan, 2008).

, m -
% YIEEd — mnﬂe.ste.
3 xmeWﬁ ter

where MW,; and MW, are the averaged molecular weight of feedstock oil (RCO) and FAME (RCOME)
produced, respectively.

Table 2. % Yield of RCO to RCOME by supercritical transesterification

Batch No. % Conversion of
(reaction time) FAME produced
Batch 1 (60 min) 86.4

Batch 2 (90 min) 89.0

Batch 3 (120 min) 97.9

Batch 4 (150 min) 98.2

Batch 5 (180 min) 98.8

The results showed that longer reaction times resulted in higher conversions, as shown in Table 2. The percent
yield increased from 86.4% to 98.8% as the reaction time increased from 1 to 3 hours. The obtained conversions
met the minimum ester content requirement of 96.5% specified by the EN 14214 standard. The results were
compared with previous studies which are used similar conditions, for example, Lee et al. working with little
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higher temperature at 270 °C obtained a 96.4 % yield in 45 minutes (Lee et al., 2012). The comparison indicates
that higher pressure and temperature can significantly reduce the reaction time required for biodiesel production

Characterization of Produced Biodiesel

The produced biodiesel samples for each batch were tested for their viscosity, cloud point, and pour point
following either ASTM D6751 or EN 14214 standards. The viscosity values fell within the acceptable range
specified by ASTM D446. The kinematic viscosities of the biodiesel produced via base-catalyzed
transesterification (Al-Shanableh et al., 2023) and supercritical methanol transesterification were comparable.
However, the supercritical method required significantly less time to complete the production process, including
device preparation, reaction, and separation. The results of the viscosity, cloud point, and pour point tests are
presented in Table 3. As the percent conversion of RCO to RCOME increased, its kinematic viscosity
decreased.
Table 3. Viscosity, CP and PP test result for RCOME

Kinematic Viscosity Cloud Point Pour Point
(mm?/s) {e) o)

Base Catalyzed ) 5gp 35 10

Transesterification

Batch 1 5.966 4.3 -5.5

Batch 2 5.230 4.0 -6.0

Batch 3 4.760 -2.0 -8.8

Batch 4 4.592 -3.0 -9.0

Batch 5 4.580 -3.0 -9.0

*Al-Shanableh et al., 2023

The fuel properties of the biodiesel produced by the traditional method with the same feedstock-RCO were
compared to Batch 5 biodiesel that was produced by in this study as shown in Table 4.

Table 4. The fuel properties of of base-catalyzed and SCM BD

Method Limits RCOME by Base- RCOME by SCM-
catalyzed Batch #5

Kinepatic viscosity at 40 °C  ASTM D 445 1.9-6.0 4.582 4.580
Higher heating value ASTM D 4809  35.0 39.23 39.18
Free glycerin (wt %, max.) EN 14105 0.02 0.003 0.003
Total glycerin (wt %, max.) EN 14105 0.25 0.196 0.192
Mono glyceride (wt %, EN 14105 0.80 0.64 0.61
Diglyceride (wt %, max.) EN 14105 0.20 0.20 0.20
Triglyceride (wt %, max.) EN 14105 0.20 0.1 0.1
Ester contents (wt %. max.) EN 14103 96.5 97.0 98.8
Linoleic acid methyl esters EN 14103 12.0 6.8 4.5
lodine value (g 1,/100 g, EN 14111 120 66 66
Cloud point (°C) D 2500 -3.5 -3
Pour point (°C) D 97 -10 -9
Cold filter plugaing point D 6371 -7.5 -7

Table 5. A comparison of base-catalyzed and SCM transesterification methods

Base-Catalyzed SCM
Transesterification Transesterification
Reaction time (min) 60 180
Reaction temperature(°C) 60 240
Reaction pressure (bar) Atmospheric pressure 83
Separation from glycerol Need min 8 hours 10 min
FFAs in feedstock Need to be determined No need to determine
Water in feedstock Need minimum 2 hours for removal ~ No influence
Yield of FAME (%) 97.0 98.8
Purification of EAME Difficult —Require water washing none

and drying min. 6 hours

Compared to base-catalyzed transesterification, the major disadvantage of SCM seems to be only high
temperature and pressure as seen in Table 5. Once the system is built, production can be performed at higher
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temperatures and pressures, resulting in a higher BD conversion and a shorter reaction time. The short reaction
time of SCM makes it more suitable for continuous production.

Conclusion

The study successfully demonstrated the production of biodiesel using supercritical methanol in a bench-scale
reactor. The supercritical fluid method showed promising results in terms of efficiency and reduced production
time compared to base-catalyzed transesterification. The one-step process using a bench-scale reactor yielded
high conversion rates within a relatively short time. 98.8 % yield was obtained at 240°C and 8.3 MPa, just above
the critical temperature and pressure of methanol. Including reaction and separation, the complete process via
supercritical transesterification took 180 minutes. The results indicate that the supercritical method has the
potential for large-scale biodiesel production, particularly due to its shorter reaction time. Further research and
optimization of the process parameters can lead to even higher conversions and improved overall efficiency in
biodiesel production using supercritical methanol.
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Abstract: Data cleaning is an important process for improving the quality of decision-making information.
One of today's popular cleaning tools is data mining techniques. In this paper, we focused on using data mining
classification algorithms to resolve missing values in medical purchasing databases. To serve this purpose, the
predictive performance of four different classifiers: Decision Tree, Naive Bayes, K-Nearest Neighbor, and
Support Vector Machine (SVM) were compared in this study. We used 2,311 medical data records from
procurement database in Thailand between July 2019 and December 2019 in the experimental process. We also
discussed the function of feature selection and test options that support analysis to improve model performance.
The results showed that the SVM algorithm outperforms with a maximum accuracy of 89.61%. Additionally, we
discussed the strengths and weaknesses of these data mining techniques for data cleaning and future research.

Keywords: Data mining techniques, Classification algorithms, Medical procurement database, Missing values

Introduction

The use of medical procurement data in clinical research and management has increased dramatically, but the
missing value resources pose data cleaning challenges (Sakly et al., 2022). Although nowadays there are many
popular data cleaning tools in various domains, they often process all variables uniformly (Shi et al., 2021),
meaning that they might not serve well for medical procurement database because there is specific information
to the variables that must be considered. Thus, in this paper, our study proposes a data cleaning tools to correct
missing values in the data variables of medical procurement with data mining knowledge widely-used
techniques taken into consideration.

Medical procurement data may include a wide range of data, including purchasing products, suppliers, related
services, payment information, and the purchase conditions of health facilities (Pentrakan et al., 2023). In the
case of medication, it may occur after the product has been selected for inclusion on the health facility list
and/or the national reimbursement list. The data collected from real practice is frequently incomplete (Wang et
al., 2021), including lots of typos, errors, and missing values. Therefore, the abundance of data resources often
raises the challenge of data cleaning. This results in large amounts of time and budget for many analyses.

Data cleaning is a fundamental step of data analysis with the goal of cleaning up raw data (Xu et al., 2015). This
is a very important process because all analyses require quality data to find the reliable results. The cleaning
process can begin with identifying information that is incomplete or unreasonable, and then improves quality by
correcting detected errors and omissions. In practice, it is generally found that data cleaning and preparation
take up about 80% of the total data engineering effort (Zhang et al., 2003). This is a crucial research problem for
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many analysts and organizations. Consequently, a powerful tool for medical procurement systems that cleans
data more accurately and faster, can save time and increase efficiency in data analysis.

With the need for effective cleaning of medical data, many studies have been conducted on the general
framework to only intend to assess the quality of the data, but there are no data cleaning procedures (Shi et al.,
2021). While other domains have been extensively investigated in data cleaning, one interesting thing is that the
problem of estimating missing values can be processed by using data mining techniques. Data mining is used to
extract knowledge from existing data. It can be used to discover things that were previously unknown and
retrieve interesting patterns and related relationships in a given dataset, including classification rules or trees,
sequence modeling, clustering, regression, dependency, and so forth. This knowledge can be utilized in
calculating the estimates for missing values. However, each data mining algorithm may have its own specific
performance for each task, and no one can be effective for all data (Mandal & Jana, 2019). The chosen
algorithm used for each domain depends on the unique variables in each field and its constraints.

Our study aims to examine the performance of data mining techniques for handling missing values by
comparing the performance of four different classification algorithms: Decision Tree, Naive Bayes, K-Nearest
Neighbor, and Support Vector Machine. The study is evaluated in terms of accuracy, error distribution, and the
time spent building and testing the model. We also discuss the function of feature selection and the testing
options that underpin the analysis in this experimental process. The results show both the pros and cons of those
algorithms. The expected outcome is to assist users and decision-makers in selecting the best techniques to
resolve missing values in medical procurement databases.

Description of Algorithms and Tools

Several open-source data mining software are available for free on the Web. In this experimental study, we
applied the Waikato Environment for Knowledge Analysis (WEKA) tool version 3.9.3 for processing
classification models. WEKA has become widely used as a toolkit for data mining tasks and was originally
established by the University of Waikato (New Zealand). This software contains a large function of data mining
techniques and can be accessed through standard terminal applications. It contains several techniques for pre-
processing, classification, clustering, association rules, visualization, and regression (Holmes et al., 1994). It
also supported versions for Windows, Linux, and MAC operating systems. WEKA, therefore, is currently
popular with academics and widely applied for teaching, research, and industrial applications (Hussain et al.,
2018). Additionally, we also use Tableau software for data visualization (Chabot et al., 2003). This tool can
provide an accessible way to understand patterns and results (Batt et al., 2020).

In this article, we determine four classifier learning algorithms that are implemented in WEKA (Sahoo &
Kumar, 2012). Three algorithms consist of Decision Tree (DT), Naive Bayes (NB), and Support Vector
Machine (SVM) techniques, which are parametric classifiers based on statistical probability distributions. The
other one, the K-Nearest Neighbor (KNN), is a nonparametric classifier based on the probability density
function. A brief description of each algorithm and how it works in WEKA is detailed as follows: (1) DT is one
of the data mining techniques that classifies recursive training data instances by deep-first or broad-first greedy
methods until all data instances belong to a specific class. Of them, there are many advanced DT algorithms
such as, CART, ID3, C4.5, C5.0, etc. This paper uses the C4.5 algorithm developed by Ross Quinlan, which is
called J48 in WEKA. It can handle both categorical and numerical entries, and can generate thresholds to use for
continuous-label classification (Patil et al., 2009); (2) NB works in conjunction with Bayes theorem-based
statistical methods (Bouckaert, 2008). The probabilities for each class are calculated from the given data and are
considered independent of each other. This may be called conditionally independent. With this classification, it
is possible to predict the probability of group membership and can remove irrelevant data; and (3) KNN is an
instance learning method also known as lazy learning. It stores all available data and classifies the new data
points based on their similarity (Steinbach & Tan, 2009). This means that when new information appears, the
dataset can be easily classified into categories. Therefore, it runs very quickly during training, but it takes more
computational time to classify new instances that come into the model (Zhang, 2010). Additionally, it is
susceptible to noise in the dataset and memory limitations; and (4) the SVM technique is a classifier method that
performs classification tasks by constructing hyperplanes. It was generally developed for binary classification
problems, but now extensions to this technique have been made to support multi-class classification (Rajvanshi
& Chowdhary, 2017). In WEKA, this technique can be selected at the SMO function, which stands for
Sequential Minimal Optimization. It is the specific efficient optimization algorithm used inside the SVM
implementation and works by finding a line that best separates the data into the two groups. This is done by an
optimization process that considers only those data instances in the training data set that are closest to the line
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that best separates the classes (Pentrakan, 2021). These instances are known as support vectors. This calculates
the maximal margin that can reduce the generalization error.

In addition, this study also examines two test option techniques to test whether there is an improvement in the
accuracy measure when using suitable test options. First is the Cross-Validation (k-fold) option (Browne, 2000).
The performance measure designed by k-fold cross-validation is the average of the values computed in the loop.
The training set is split into k smaller groups, and then using k-1of the folds trained model as training data.
Then, the resulting model is validated in the remaining part of the data. This is used as a test set to estimate a
performance measure, such as accuracy. The second is the Percentage Split option. The dataset is randomly split
into two disjoint sets (Kabakchieva, 2013). The first set is called the training set that works as knowledge form.
This extracted knowledge is used to test against the second set which is called the test set.

Method

Dataset and Process

The study dataset contains medical procurement data in Thailand from July 2019 to December 2019. We have
listed all relevant features in Table 1. A total of 2,749 transaction records were associated with 2,311 complete
records and 438 incomplete records. If the analyst excludes those records from the analysis, they may lose
important values and cause significant errors in calculating the average price of each medical product.
Therefore, in this study, we aimed to investigate the effectiveness of data mining techniques for handling
missing values of the units per pack (SIZE feature) for this sample dataset.

To serve this purpose, we used 2,311 complete records without missing values to examine the model of each
classifier. We hypothesized that six features that exhibit in this dataset (the segmented purchasers, the group of
generic product and trade product names, procurement methods, suppliers, and total purchase budgets) could be
used in developing the model to estimate the missing values of pack sizes for medical products effectively.

Table 1. Features and the definitions of a dataset

Features Definition Distinct Total Missing
values records values (%)
DEPT Departments who purchase the medical product 394 2,747 2 (0.07%)
GEN Generic product name (e.g., Parecoxib 40 mg injection) 4 2,746 3(0.11%)
TRAD Trade product name or brand (e.g., DYNASTAT®) 36 2,746 3(0.11%)
METH Procurement method (e.g., bidding method) 2 2,749 0 (0%)
COM Company or supplier who sells the medical product 38 2,749 0 (0%)
PRICE The purchasing price per pack (Thai Baht) 572 2,749 0 (0%)
SIZE* The number of units per pack (e.g., 30 tablets per box) 12 2,319 430(15.6%)

“Output variable corresponding to the class labels of pack size for medical products.

We used six purchasing properties as input features: DEPT, GEN, TRAD, METH, COM, and PRICE according
to the different descriptions and values shown in Table 1: DEPT is the name of 394 purchasing departments that
make the decision to buy medical products for hospitals; GEN is the name of a generic product with four
different names according to the anatomical chemotherapy (ATC) classification code; and TRAD is the name of
a trade product with 36 different names. METH is the procurement method that includes two approaches used in
the procurement system; COM is the winning company or supplier associated with 38 different companies that
is recorded to sell medical products to hospitals; and PRICE is the total purchase budget consisting of 572
various labels. These six features were used to develop a model to estimate the missing value of package sizes
(SIZE) for medical products.

In the pre-processing step, we have discretized the continuous values of the SIZE feature into the class label of
nominal values. The price values of PRICE feature were also discretized into class labels of price ranges for
medical products. To remove irrelevant and redundant features, all features were examined using the feature
selection method. This was intended to maximize classification accuracy. To do this process, we used the
function of wrapper subset evaluator (Karegowda et al., 2010) implemented in the WEKA. The features selected
depend on the classifier that builds the model. It worked to find the smallest subset of the attribute by selecting
important features for the underlying clusters based on the criteria of the algorithm. Then, in this step, we
examined two test options (cross-validation and the percentage split) to determine the best options for
classification algorithms.
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Model Evaluation Metrics

After the model was developed and validated by test options, we can obtain feedback from metrics that can
explain the performance of the model. Generally, the performance comparison of the four different algorithms
was measured in terms of measuring accuracy and error distribution (Galdi & Tagliaferri, 2018). Accordingly,
this study used several relevant metrics, including accuracy rate, F-measure, precision, recall (sensitivity), mean
absolute error (MAE), and root mean squared error (RMSE). We also used the kappa statistic (McHugh, 2012)
and an area under the receiver operating characteristic curve (Hamel, 2009). In addition, the time spent building
and testing the model were represented in the results of our study.

Results and Discussion

In this section, we discuss the empirical analysis of the study. First, we represent the descriptive statistics of
variables to give information about relevant variables. Then, we discuss the results of the feature and test option
analyses followed by the performance analysis.

Descriptive Statistics

In our analysis, we used the complete input data of 2,311 records to develop the model. The sample dataset
consisted of four generic products frequently purchased from July 2019 to December 2019. All medical
products listed in the purchasing dataset were defined according to the lowest level of the Anatomical

Chemotherapy (ATC) classification system (Skrbo, 2004), as shown in Table 2.

Table 2. Descriptive statistics of medicine used in this study

ATC code Package size Number of  Number of Number of ~ Number of Range of
of medical records trade products  purchasing  selling purchasing budgets
products departments companies
MO1AH04 1 unit/box 258 2 47 4 1,939 - 5,816,400
5 units/box 416 2 79 12 969 — 930,643
10 units/box 9 2 5 3 969 — 963,942
50 units/box 5 2 1 1 19,388 — 198,388
100 units/box 3 1 1 1 19,388 — 19,388
A02BA02 1 unit/box 335 17 107 9 200 - 97,200
10 units/box 9 4 9 4 2,000 — 20,000
50 units/box 8 7 1 6 792 — 40,000
100 units/box 348 16 125 10 190 - 126,720
250 units/box 6 4 4 5 160 — 10,000
500 units/box 145 3 86 3 400 — 99,000
1000 units/box 30 3 18 4 600 — 478,932
C10AA07 1 unit/box 129 6 23 6 6,420 — 832,032
28 units/box 328 7 49 11 706 — 499,647
30 units/box 32 1 9 3 9,540 — 256,800
56 units/box 7 3 6 3 23,946 — 360,323
84 units/box 4 1 2 1 12,947 — 25,894
C10AA01 1 unit/box 53 7 29 5 4,000 — 1,144,044
100 units/box 81 4 36 2 2,000 - 500,000
250 units/box 6 5 5 3 12,000 — 497,250
500 units/box 2 2 2 2 7,200 — 25,145
1000 units/box 97 4 47 3 4,200 — 288,000

Feature Analysis

The alternative of selecting features depends on both the algorithm used and the type of data given. In this
study, we used the wrapper subset estimator to select relevant features based on the algorithm applied in the
model. As shown in Table 3, the results show that the features of generic products (GEN) and the purchase
budgets (PRICE) were selected for all algorithms. The feature of company supplier (COM) was further selected
in the Decision Tree and Support Vector Machine applications. Two additional features, the departmental group
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(DEPT) and trade product (TRAD), showed important contributions to the Naive Bayes algorithms while the
feature of the procurement method (METH) was not selected for the entire algorithm's operation.

Table 3. Relevant features selected for four different algorithms

Algorithms Selected features Number of features
Naive Bayes (NB) GEN, COM, PRICE, DEPT, TRAD 5
Decision Tree (DT) GEN, COM, PRICE 3
Support Vector Machine (SVM) GEN, COM, PRICE 3
K-Nearest Neighbor (KNN) GEN, PRICE 2

The optimum split of the test, validation, and train set depends upon the features, algorithms, and dimension of
the given data. Therefore, after selecting the relevant features, we then examined two widely-used test option
techniques: cross-validation (k-fold) and percentage split options for algorithms.

As shown in Figure 1, the results showed different trend patterns between those two options. First, when
performing cross-validation, we tried different number of folds settings. The results presented differences in
performance. The increased number of folds smoothly increased accuracy, while SVMs with 10 folds (k=10)
provided excellent performance. Second, increasing the percent splitting of the data for training greatly
improves accuracy. We found that SVMs with 90% splitting for training provided the highest accuracy and were
more accurate than those using cross-validation techniques. That means, if we used 10% data for testing and the
remaining 90% data for training in this research, the SVM technique could have approximately 89.61% of the
best properly classified instances, followed by KNN, DT, and NB with 88.74%, 86.15%, and 80.09,
respectively.
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Figure 1. Comparing the percentage of correctly classified instances between two different test options

Performance Evaluation

After analyzing the features, those features selected for each algorithm were used to develop a model for
classifying the package size of medical product corresponding to the twelve class labels, described in Table 1.
The results of model testing show that all algorithms provide good model performance in our metrics. The
evaluation results obtained after testing four algorithms using the 90 percent split test were shown in Figure 1.
The proposed model from SVM outperformed the prediction accuracy and has significant agreement for the
kappa statistical coefficient. In addition, the model had great precision, sensitivity (recall), and F-measurement.
However, after we calculated the time spent building and testing the model, the SVM took much longer than
other algorithms while NB and KNN provided very high speeds in less than 0.01 seconds in modeling.

In our study, there was a limitation in our proposed model. The results of model performance were based on the
specific characteristics of medical products procured in the given time period. Different types of products and
study periods could yield different findings. Therefore, future studies may use more types of products to further
examine these classification algorithms.
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Table 4. Results of the accuracy measures tested in four classification algorithms

Parameters DT NB KNN SVM
Accuracy 0.862 0.801 0.887 0.896
Kappa statistic 0.814 0.727 0.849 0.861
Precision 0.907 0.876 0.952 0.952
Recall 0.951 0.961 0.971 0.971
F-Measure 0.929 0.917 0.962 0.962
ROC area 0.945 0.972 0.995 0.981
MAE 0.012 0.015 0.009 0.048
RMSE 0.080 0.088 0.068 0.153
Time to build model (seconds) 0.10 <0.01 <0.01 14.65
Time to test model (seconds) 0.01 0.02 0.02 0.88
Conclusion

Tackling missing data in medical procurement databases is very important because it can often bias analyzes
(Groenwold & Dekkers, 2020). Medical purchase data also needs a powerful tool to solve this problem in order
to improve analytics and results. As an example of drug procurement data available in the Thai government's
procurement system, we found many missing values for package sizes that cause big problems for analysts. In
this paper, we therefore examined four models developed from data mining classification techniques to predict
missing values for these package sizes. To do so, we used the complete medical data samples as inputs for
model training and used six relevant purchasing features as input features (Pentrakan et al., 2022). We also tried
to improve the prediction accuracy of model by using these algorithms with the wrapper feature selection
function. The results in Table 4 show that the data mining classification algorithm can provide good
performance in predicting the missing values of a given data set. As summarized in Figure 2, our study supports
that Support Vector Machine (SVM) with 90% splitting of data for training can stand out for being more
accurate than the others (Mustageem et al., 2018), although this algorithm takes more time for modeling.
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Figure 2. Comparing the accuracy measures of four classification algorithms

Our study application allows medical analysts to resolve the problem of missing values and perform better
analyses. This can save a lot of time cleaning up and make their data more reliable. Although some methods
have been developed to estimate missing values in many sectors, there is limited evidence and application for
the medical procurement system. Therefore, the findings of our study might be useful in applying them to this
system and other countries that are facing the challenge of missing medical supply information.
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Abstract: To overcome the negative effect of the rise in temperature of photovoltaic (PV) panel on its
performance, cooling is used. However, this cooling must be as homogeneous as possible. Indeed, the uniform
cooling of a photovoltaic (PV) panel is important to maintain its conversion efficiency at a high level. In this
work, a cooling system is proposed using two fans that blow ambient air onto the backside of the PV panel.
Several configurations of fans positions (air inlets) and air outlets are studied by simulations in order to optimize
the cooling system and to achieve a uniform temperature distribution on the PV panel. On a typical summer day
with an optimal air flow rate of 200g/s, the optimized cooling system reduces the temperature of the PV panel
by 21.66°C and improves its conversion efficiency by about 8.85%. In the absence or at low wind speeds, these
values can reach 35.84°C and 16.5%.

Keywords: Cooling, efficiency, Fan, Homogenization, Temperature field, Photovoltaic panel.

Introduction

Air cooling of solar PV panels has been widely investigated (Shukla et al., 2017; Hasanuzzaman et al., 2016).
Most of them were only interested in improving the efficiency of the cooled PV panel without taking into
account the homogeneity of the temperature field distribution on the PV panel. Indeed, significant temperature
gradients on the PV panel can generate thermal stresses which can contribute to its premature degradation
(Reyne, 2005).

Muneeshwaran et al. (2020) proposed to use the air supplied by an air conditioning unit to cool a PV panel. The
cold air then circulates through a channel of uniform section. Thus, the maximum temperature gradient reached
7°C. By using a converging cross-section channel, the temperature gradient was reduced to only 2.5°C. This
resulted in a 20-25% efficiency improvement. Another cooling system that consists on fans that blow ambient
air on the rear face of a PV panel was investigated by Bayrak (2022). He studied the influence of the number of
fans that cool a medium-sized (0.665m?) PV panel. He improved the electrical efficiency of the PV panel by
only 2.69% by using four fans.

Syafigah et al. (2017) investigated the cooling of a medium-sized (0.648m?) PV panel using two fans. They
improved the electrical efficiency of the PV panel by 3% by lowering the average PV panel temperature from
66.2°C to 53.6°C. However, the temperature distribution was not uniform. It showed a maximum temperature
difference between the cold and hot zones of about 14°C. Using a single fan on a small PV panel (0.064 m?),
Nebbali et al. (2020) obtained 29% of the efficiency improvement of the cooled PV panel but with a significant
heterogeneity of the temperature field. Bevilacqua et al. (2020) confirmed this observation on a large PV panel
(1.66m?) cooled by a single fan.
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The objective of this work is to investigate the cooling provided by two fans placed at the backside of a standard
size (1.28m?) PV panel. Through 3D numerical simulations, the effect of different positions of these fans,
associated with two air outlets configurations were studied to determine the optimal configuration. In addition,
the thermal and electrical responses of the PV panel during a typical day were also studied.

Problem Position

The device consists of a standard size (158x80.8cm) PV panel that is cooled from its rear face by the ambient air
which is blowing by two fans. The optimal case that corresponds to the judicious positions of the two fans and
the air outlets (Fig. 1) which allow better ventilation was determined in order to ensure well cooling of the PV
panel with homogeneous temperature field. For this purpose, six scenarios were considered (Fig. 1, Table 1).

Simulations were carried out under extreme climatic conditions characterized by a situation of no wind,
1000W/m? of solar radiation and 50°C of air temperature. Thus, the total air flow rate supplied by the two fans
was considered equal to 400 g/s. Finally, using the optimal case, we studied the effect of climatic conditions of a
typical summer day on the performance of the cooled PV panel.

Geometric data:
t=5mm L =1580 mm d=35mm
T=9.6 mm w=808 mm

glass exposed

to the sun
Fan

D S «f = — -
ﬂ

air outlet Fan airinlet air outlet
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L~ airoutlet
:‘ h
O
4
Q”
H Longitudinal air outlet
/ (b)
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Figure 1. (a) Sketch of the PV panel with the cooling system; (b) Bottom view of the cooled PV panel with
different configurations.

Table 1. Positions of the fans and of the air outlets.
Diameter of two

H(cm) h(cm) fans (cm) Air Outlet
Case (a) 39.5 0 30 Transverse air Outlet
Case (b) 39.5 0 30 Longitudinal air outlet
Case (c) 0 20.2 20 Transverse air Outlet
Case (d) 0 20.2 20 Longitudinal air outlet
Case (e) 29.5 10 30 Transverse air outlet
Case (f) 29.5 10 30 Longitudinal air outlet
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Calculation Domain, Mesh and Boundary Conditions

The six calculations domains were constructed in 3D. Each of them, included the airflow cavity, the air inlets
occurred by fans, air outlets and the different layers that make up the PV panel (Table. 2).

Table 2. Characteristics of the different layers that make up the photovoltaic module(Armstrong and Hurley,

2010).
Layer (Tnlq’;‘;l)mess ¢ MW/m/k) p(kg/m’) Co(J/kg/°C)
Glass 32 1.8 3000 500
Silicon 0.3 148 2330 677
EVA 0.5 0.35 960 2090
Tedlar 0.1 0.2 1200 1250

For good mesh resolution, the bottom plane of the PV panel, where the air inlets and outlets were grafted, was
first meshed in 2D. Then, by extrusion, a 3D mesh was generated. For the 5mm high air cavity a Imm deep
mesh was used, while for Tedlar, EVA, Silicone and Glass the depth equal to the thickness of each layer.

The air inlets, which represent the cross-sections of the fans, were equated to the "MASSFLOW-INLET" type
condition which allowed define the air mass flow rate as well as the air temperature blowing by the two fans.
The air outlet sections were "OUTFLOW" type. This ensured the conservation of flows between the air inlets
and outlets. The glass and the silicon media were the seat of heat sources produced by the heat exchanged
between the PV panel and its surrounding.

Associate Equations

Heat Equation

The heat equation associated to each solid layer of the PV panel corresponds to the Poisson equation in steady
state. It is expressed by the equations (1) and (2), respectively, for the glass (g) and silicon (si):

AT + agRg—eo(TE-Ty) —0 (1)
eghg
asirgRG _
AT +=25=0 2

where “A” is the Laplacian operator, T is the temperature, o is the absorption coefficient, € is the emissivity of
the surface of the PV, o is the Boltzmann constant, eis the thickness and T4 is the transmissivity of the glass.
Ty is the sky temperature correlated by the following relation (Kaplani and Kaplanis, 2014):

Ty = 0.0552 TL? (3)

Furthermore, the EVA is considered transparent while the silicon is opaque.

In addition, the PV panel is the seat of convective heat exchange between each face and the ambient air. Thus,
for a PV panel inclined at 6 < 60° with respect to the vertical, the Nusselt number of the front face in natural
convection is expressed by (Fujiiand Imura (1972), Kaplani and Kaplanis (2014)):

f{0.16[RY™ — (G P)°**]} + 0.56 (Gy, P; cos cos(e))o'zs, R, <5.10°

f{o.13 [Rg-33 - (GrCPr)O'33]} +0.56 (GrCPr cos cos(e))o'zs, R, >5.108

N =4 T (4)
' Gy, = 1.327 1010 (-37%%(5550)

f=0siR, <G P
f=1siR, > G P

While for the rear side of the uncooled PV panel, the Nusselt number corresponds to (Bergman et al. 2011):
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0.67 R325
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1+(p—r)

In other convections situations occurred by the wind, the following relationships are adopted (Armstrong and
Hurley (2010); Kaplani and Kaplanis(2014)):

( hy=ruwl o S0
Gr
heony = { Mr=256V+855, £<001 ©)

(Pmixe = 2[B2 + B2, 0.01 <2< 100

Where Ra is the Rayleigh number which is a function of the Grashof and Prandtl. L. is the characteristic
dimension of the plate expressed as the ratio of the area of the plate to its perimeter. For the cooled PV panel,
the heat exchange between the rear face and the ambient air is determined by solving the coupled equations of
continuity, momentum and energy. To do this, we used CFD-Fluent code (Fluent Inc., 2001).

Fan Power

Nominal values of the fan are given by the manufacturer, as well as: Power fan (P2,=80W), air flowrate (Q"
=980g/s), Diameter (D"=30.5cm) and rotation speed (N"=2250rpm). In other operating conditions, the electrical
power Ps,, consumed by the fan of diameter D, that blow an airflow Q at rotation speed of N , can be evaluated

by the following expressions (He et al. 2014, Zhang et al. 2022):

Q D\> N

#= ) )

e (2 (1) ®

PV Panel Efficiency

The electrical efficiency of a PV panel is defined by (Skoplaki and Palyvos, 2009):

N = Nrer(1 — (T — 25)).100 9)

Where 7,=15.74% is the efficiency of the PV panel at standard conditions. p is the power temperature
coefficient equal to 0.37%/°C and Tj; is the equilibrium temperature of the uncooled PV panel. In the case of the
cooled PV panel, which equilibrium temperature is Tg;, the electrical power P, consumed by the two fans
supplied by the PV panel must be taken into account, so the efficiency (n') of the cooled PV panel that area is S,
becomes:

. * P an
N = 100 (eer(1 = (T - 25)) — 122) (10)

The improvement electrical efficiency of the cooled PV panel compared to the uncooled one is then quantified
by:

e = 100.“"7“1 (11)
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Results and Discussion
Temperature Field

Optimal Configuration

0000
--

63.00 65.00

Figure 2. Temperature field (°C) on the cooled PV panel for the six configurations at T = 50°C, Rc=1000W/m?
and Q=400g/s.

Fig. 2 shows the temperature distribution on the cooled PV panel with different fans configurations as shown in
Table 1. It appears that the case (c) is the optimum configuration. Indeed, it allows good circulation of air
through the cavity and ensures better cooling with lowest average silicon temperature of 56.74°C and well
homogeneity of the temperature field (83T ne= 4.5°C).

Effect of Real Climatic Conditions

By using the optimal configuration (Case C), we studied the effect of the climatic conditions varying during a
typical summer day of 30 July prevailing at Tizi-Ouzou, north of Algeria (36.7N, 4.05E). Thus, The PV panel
was oriented facing south and tilted by 32° (Kecili et al., 2022). Moreover, the PV panel was cooled by two fans
that blow a total mass flow rates varying from 100 to 250g/s. Using the PVGIS database for the year 2020, we
obtained the daily evolution of the global incident solar radiation (Rg), the ambient air temperature (T ;) and the
wind speed (Fig. 3-a).

The simulations led then to the daily evolution of the PV panel temperature in cooled and uncooled situations
(Fig. 3-b).The maximum temperature of the uncooled PV panel reaches 69°C at the culmination time (midday)
while the temperature of the cooled PV panel drops significantly.

In addition, Table 3 gives the temperature difference (T) between the minimum and maximum values reached
by the cooled PV panel for each airflow. This allowed to assess the homogeneity of the temperature field on the
PV panel. It appears that the increase in the air flow attenuates the heterogeneity of the temperature field. The
maximum temperature difference between the hot and cold zones reaches 9.47°C with 100 g/s of airflow to
settle at only 5.46°C with 250 g/s. Moreover, the lowering temperature (6T) generated by the cooling of the PV
panel rises when the airflow increases. Indeed, oT reaches 17.06°C at 100g/s airflow and 22.34°C at 250g/s.
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Figure 3. Evolution of: (a) temperature ambient, solar radiation and wind velocity on 30 July, (b) PV panel
temperature, (c) PV efficiency and (d) efficiency improvement of the cooled PV with respect of the uncooled
one for different airflow rates.

Table 3. Minimum (T i,), maximum (T ) and average temperatures of the cooled and uncooled PV panel at

midday.
Cooled PV panel Uncoole? PV
pane oT = Tuncooled _ Tcooled
Airflow _ cooled (o uncooled (o PV PV
rate Thin Thnax OT=T max~Tmin TPV ( C) TPV ( C)
100g/s 45.16 54.63 9.47 51.86 17.06
150g/s 44.02 51.57 7.55 49.25 68.92 19.67
2009g/s 43.35 49.68 6.33 47.66 ' 21.26
2509/s 4292 48.38 5.46 46.58 22.34

Efficiency Improvement

The efficiencies of the PV panel are shown in Fig. 3-c, the effect of cooling is clearly seen during the period
between two hours after sunrise and two hours before sunset. Thus, higher is the airflow, better is the efficiency.
Outside this period, the efficiency of the cooled PV panel is significantly lower than that of the uncooled one, as
the fans consume more energy than the gain generated by the cooled PV panel. The efficiency improvement of
the cooled PV panel compared to the uncooled one is given by the figure (3-d). We can observe that the
maximum improvement of 8.85% is reached at only 200g/s of airflow.

Conclusion

The homogenization of the temperature field in a PV panel is an important parameter that should not be
neglected in a study of a cooling system. For this purpose, numerical simulations were carried out to propose an
optimal cooling device that allows homogenize this temperature distribution. Using two axial fans that blow air
onto the backside of a large standard commercial PV panel, the effect of their positions and those of the air
outlet sections on the cooling provided were studied. First, the simulations were carried out under extreme
climatic conditions (No wind situation, Rgc=1000W/m? and T,= 50°C). Then, the configuration favoring the
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consequent cooling of the PV panel with a homogeneous temperature distribution was selected as the optimal
configuration. Then, we studied the effect of the climatic conditions varying during a typical summer day of 30
July prevailing at Tizi-Ouzou, north of Algeria (36.7N, 4.05E). It was shown that at noon, from an air flow of
200g/s, the improvement in the efficiency of the cooled PV panel was settled 8.85% while the lowering of
temperature was 21.26°C.
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Abstract: An integrated mine waste facility is designed for the Khan Krum deposit in Bulgaria (Eldridge,
Wickland, Goldstone, & Kissiova, 2011). A substantial environmental benefit was achieved by designing such a
facility because constructing a conventional tailings storage facility (TSF) would've needed much more surface
area. However, the paper from (Eldridge, Wickland, Goldstone, & Kissiova, 2011), is mentioned that achieving
a good operational sequence for constructing the facility would be a challenge. This paper evaluates how
choosing the proper form for the combined mine waste dump facility (CMWDF) can help in having better
control over the operational sequence. For comparison, two designs of CMWDF were designed. Each can
accumulate the predicted amount of tailings the processing plant will produce. The first design has a broader
construction body, and the other is narrower. It was decided like so because the broader body ensures more cells
which means a better operational sequence can be achieved. Also, a conventional tailings facility was designed
to compare the surface area and volume of waste rock needed for construction. All the designed Tailings
Storage Facilities (TFS) require different surface areas and waste rock to be built.

Keywords: Tailings storage facility, Tailings deposition, Operational sequence

Introduction

The storage of tailings was always one of the major chalenges. There are many ways to store tailings, such as in
lakes or in artificial structures such as tailings storage facilities. Tailings storage facilities are challenging to
construct and operate. There are approximately 3500 TSF in the world, from which about 3 of them fail in a
year (Lyu et al., 2019).

Besides the risk of failure, TSF needs a wide surface to construct, which means cutting local forests and, in
some cases removing local fauna. To decrease the environmental impact and increase the factor of safety,
Eldridge, Wickland, Goldstone and Kissiova, (2011) designed an Integrated Mine waste dump facility for the
Khan Krum deposit in Bulgaria. In the previous paper the authors also said that the IMWF needs only 41
hectares of surface area compared to the 96 hectares required for conventional TSF and waste dump. With that
also the need for tailings dam and post-closure of unconsolidated tailings deposit is eliminated (Eldridge et al.,
2011).

Combined Mine Waste Dump Facility (CMWDF)
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The new facility for storing tailings and waste rock is based on a combined deposition method of waste mine
materials (tailings and waste rock). This design has few significant advantages compared to conventional
tailings storage methods. The benefits are that less surface area is required, a more significant factor of safety is
achieved, the risk of pollution is minimized, lower costs for monitoring, etc. (Eldridge et al., 2011). Dewatered
tailings is recommended to be stored. Thus, water from the dewatering process can be used, reducing the need
for additional fresh water (Eldridge et al., 2013).

The combined mine waste dump facility is composed of waste rock and tailings. The tailings are stored in cells
built from compacted waste rock. The facility in the Krumovgrad Gold project is built bench by bench, as the
front wall of the bench is whole and well compacted with an intervening slope constructed at 2.5 horizontal to 1
vertical (Eldridge et al., 2011). The facility is designed with an underlying drainage system that's meant to drain
the water from the tailings consolidation and the atmospheric water. A geomembrane layer is placed under the
drainage system to prevent mixing the drainage water with the underground water. Cells are lined with heavy
non-woven geotextile and a layer of sand, which will prevent mixing the tailings with the waste rock (Eldridge
etal., 2011).

The above-described constructive parameters are from the Krumovgrad gold project Bulgaria for the integrated
mine waste facility (IMWF), which is currently under construction by Dundee Precious Metals Krumovgrad
EAD (Grigorova, 2011). The facility is constructed with an upstream design method (Eldridge et al., 2011). The
tailings from the "Ada Tepe" mine are stored in the facility.

The main disadvantage is that while constructing the facility, an excellent operational sequence is needed, and if
this is not the case, it can lead to interruption of the workflow or stop the work of the processing plant. For this
not to happen in the Krumovgrad gold project in Bulgaria, Contingency storages are built so that the tailings
will temporarily be stored in them when a cell is not ready to be filled (Eldridge et al., 2013). Other
disadvantages are the high construction costs and the unavailability or difficulty to later extract the metal that
was contained in the waste rock.

Comparison between Different Designs of CMWDF

For comparison, 2 CMWDF are designed. The goal is to store 5.9 milion m* of tailings, and the volume of waste
rock varies.
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Figure 1. Profile of a single bench with its construction elements (Dimitrov, 2021)

Design 1

Design 1 is started lower in the valley, and its finishing form ends in both ravines (Figure 2). To store 5.9
million m® of tailings, 23 million m® of waste rock must be used. The height of the tailings is chosen to be 3 m
(30% of the bench height). The rest was calculated as waste rock. The total surface area needed for the facility
to be built in this way was 628 daa. The area that can be reclaimed and used for different purposes is about 340
daa, 54 % of the land used for building the facility.

The broader body of the facility means that the benches will be wider. Hence the flexibility for building the cells
will be more significant, and more cells can be built. The operational sequence can be greatly improved with a
greater number of cells. Another advantage for the wider construction is that for constructing a cell with
minimal capacity is needed 2-3 times less waste rock in comparison with design 2. That means tailings
deposition can start with less initial capital and operational costs.
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