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Abstract

Abstract: This study aims to update the geographical database for water network valves and
developed; For the purpose of contributing to the preparation and design of the drinking water
reduction project, and divide them to (9) residential areas, surrounded by valves, and each area
divided into a number of residential squares, and each residential square includes a number of
lanes, in order to, First: to address the problem of areas of water continuously without
interruption, and the areas of water only once a month, Second: Achieving the principle of
justice and consumption in water distribution, Ill: Control the discovery of water leaks and

easy control; Thus reducing water losses, 1V: control the phenomenon of illegal linking from
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network pipes, in the case of the actual application of project to redistribute drinking water in
the city of Ibb, the actual need of drinking water for each area and residential can be calculated,
as well as the ability and ease of future prediction in the required water quantities in future for
each region.

Keywords: Water Network Management, Valves, Water Distribution Program, Water

Quantity Required, Customer Agreements.
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Abstract

This research included a comparative study of the Libyan and Egyptian legislation, due to its
great importance, as it dealt in the first section with the meaning of antiquities by studying their
meaning and distinguishing them from heritage. In the second section, | dealt with the criminal
protection guaranteed by the criminal legislator through the Penal Code and special legislation

to protect antiquities, which is an effective means of communication between diverse
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civilizations.Through this research, | reached several important findings and recommendations,
which are presented in the conclusion of the study.

Keywords: Antiquities, Heritage, Protection, Antiquities Smugglin.
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Abstract

The use of technology in education is no longer just a kind of luxury or a supplement to the
elements of the lesson inside the classroom as teaching aids only, but its importance has shifted
to the design of teaching situations, which includes drawing up plans to employ these means
correctly, as the use of technology means has become a necessity of the modern era and has

become necessary. Integrating it into the educational process.
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This study aims to identify the concept of educational technology and its importance in
supporting and developing the quality of education. It also seeks to reveal the reality of
educational technology and the obstacles to its use from the point of view of the faculty
members of the Faculty of Economics and its branches at the University of alzaawia. The
descriptive and analytical approach was relied upon to achieve the objectives of the study. A
precise questionnaire was designed and prepared according to (Likert scale) as a main tool for
collecting primary data and statistical information from the study sample, by applying it to the
faculty members of the Faculty of Economics and its branches at the University of Benghazi.
The study population included the faculty members of the Faculty of Economics and its
branches at the University of Benghazi, who numbered (338) members.

Keywords: educational technology, educational process, obstacles to modern technology
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Abstract

This study aims to test the relationship between modern administrative leadership styles,
represented by free leadership, transformational leadership, and ethical leadership, and job
empowerment of employees in the branches of Sahara Bank in Benghazi, Libya. The
descriptive analytical approach was used to achieve the objectives of the study. The
questionnaire was the main tool for the research, and (67) questionnaire forms were distributed.

The results of the study showed that there is a direct correlation at an average level between
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modern administrative leadership styles and job empowerment in its dimensions (sense of
meaning of work, sense of competence, sense of independence, and sense of influence). The
study reached several recommendations, including encouraging administrative leaders in the
branches of Sahara Bank in Benghazi, Libya, to expand the adoption of modern leadership
styles (transformational leadership, ethical leadership, free leadership style), and creating the
appropriate organizational environment to expand the application of job empowerment in
Libyan organizations. The study also recommends conducting studies like the current study in
other sectors and environments, because job empowerment and modern administrative
leadership styles are modern variables in administrative thought and need further research.
Keywords: Administrative leadership styles, free leadership, transformational leadership,
ethical leadership, job empowerment, Sahara Bank, Libya.

Key Words: Impact, Conflict, financing, Islamic Banks.
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Abstract

The study raised the issue of Arab social conditions as a challenge to the establishment of the
modern civil state, i.e. the civil democratic state whose content is broad to all citizens,
regardless of their orientations and beliefs. The approach to the concept of the civil democratic
state appeared, where a distinction was made between what is individual and what is public,
meaning that there is a citizen who lives for his private life and all his goals and activities are
directed to serve his personal life, and another citizen is interested in everything that is public
and collective, as he is interested in his own interests in addition to the interests of his state.
The Arab social structure represents a real obstacle to the emergence of the civil state, due to
the social and political obstacles represented by tribalism in its various aspects. The individual
is linked to the civil democratic state by a relationship of citizenship and identity, as well as by
a relationship of interest-based affiliation within the limits of what is known as the public
interest, of which the civil state is an institutional embodiment. Therefore, the study started by
discussing the hypothesis that "the weakness and fragility of the Arab social and political
conditions constituted an obstacle to the establishment of the modern civil democratic state."
Through the research journey, we found that the weakness of our Arab social and political
conditions constituted a challenge to the establishment of the civil state, which clashed with
the reality of the current Arab society, which is still dominated by ignorance, poverty and
outdated traditions. We also found that there is a strong relationship between the past and the
present, as our current social conditions have not developed and adapted to the changes
witnessed by the world. The Arab social structure is characterized by being a collective
structure, and this description is what characterizes primitive societies, and this collective
consists of the family group or the tribe, which includes a certain number of individuals linked
by kinship and blood ties.

Keywords: Social and political conditions - civil democratic state - obstacles.
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The Effectiveness of Code Switching in Bilingual Classrooms: A
Case Study of English/Arabic Environment

Intesar Elwerfalli
Applied Linguistics
University of Benghazi
Intesar.elwerfalli@uob.edu.ly

Abstract:

Some studiese.g. (Burden, 2001; Tien and Liu, 2006; and Greggio & Gil, 2007) confirm that code
switching in the classroom is an important and effective tool that assists students understand and
master a language. However, other studies e.g. (Skiba, 1997) suggest that code switching may
hinder learning process, slow it down, and make students always depend on it in their learning of
a second language.

This study aimed to find out the importance of code switching in the classroom for university
students and whether its use was a helpful factor in improving reading and writing skills. Also
it tried to show what type of code switching was the most common used by the participants and
the reasons behind it.

The participants were 45 pre-intermediate learners who were divided into 3 groups. Group 1
received instruction without code-switching. Group 2 received student- driven code switch
instruction. Group 3 was taught through instructor code-switch but had students to summarize
everything in English afterwards. After five weeks, all groups took a reading and writing test.
Regarding reading skill, the study found that allowing code-switching with summarizing at the
end of lectures improved reading comprehension the most F (2, 42) = 7.89, p = 0.001. The
findings of writing test showed that allowing students to code-switch during instruction improved
their writing compared to English-only classes. Specifically, both methods of code-switching
(student-driven or instructor-initiated with summarizing) helped with grammar, while instructor-
initiated code-switching with summarizing led to a wider vocabulary range. Sentence structure
and complexity developed similarly in the three groups regardless of the teaching technique
employed. Concerning the most common code switch type used, the students mainly switched
languages within sentences (intra-sentential switching) to clarify specific words or ideas. This
might be because it's faster and more natural than switching languages entirely between sentences.

Keywords: Code switching, Cultural and social identities, Bilingual.
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Introduction
Code-switching has received extensive focus in bilingualism and multilingualism fields.

Numerous studies revealed the effectiveness of code-switching in facilitating and improving
comprehension and language learning (Tien & Liu, 2006; Greggio & Gil, 2007), while others
criticized it for creating dependency and slowing progress (Skiba, 1997). This study aimed to
address these different views by investigating the role of code-switching in enhancing literacy
skills in an English/Arabic bilingual classroom setting.

The effectiveness of code-switching as a pedagogical tool in bilingual classrooms is still
controversial. This study therefore sought to clarify whether code-switching helps or hinders
language learning, particularly in terms of reading comprehension and writing proficiency. In
addition, it examined the types of code-switching students used and assessed its impact on
learning outcomes.

To achieve these goals, the research compared various instructional approaches incorporating
code-switching, namely, student-driven code-switching, instructor-initiated code-switching with
summarization, and an English-only instruction approach. The study further investigated
students’ perceptions of code-switching and their preferences for different teaching methods.

Literature Review
Code switching has become an area of attention in various fields such as sociolinguistics,

language teaching, and psycholinguistics. It is a term introduced first by the linguist Haugen in
1950s, who defined it as the ability of individuals to move between different languages and
dialects. Aranda (2014) considers code switching as natural phenomenon among bilingual and
multilingual speakers.

Code switching is a technique used by teachers during classroom interaction to make teach easier,
assist students to understand what is being taught and also to make the classroom interaction more
active. Likewise, Bullock & Toribio (2009), Gardner & Chloros, (2009) state that code switching
is the ability to exchange between two or more languages easily.

Poplack (2001) and Gardner & Chloros (2009) followed by saying that code switching exists in
the grammar of the bilingual speaker's two languages and it may lead to a better understanding of
grammar.

Wardhaugh (2010, p. 84) defines code switching as “the particular dialect or language that a
person chooses to use on any occasion, a system used for communication between two or more

parties”. He further states that code refers to any sort of system employed by two or more
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individuals for communication. In other words, code switching can be applied according to
linguistics, register or language. Linguistically, code switching alludes to dialect, accent or
vernacular, in terms of register, code switch can be considered in formal and informal language
use. Code switch in language refers to alternating between two languages, usually learner's first
language (L1) and another second language (L2). Kamwangamalu (2010, p. 116), defines code
switch as “the intersentential alternating use of two or more languages or varieties of a language
in the same speech situation”.

Teaching in English only can result in frustration as students may not be able to understand the

content presented by instructors. (Widdowson, 2003).

Reasons for Code-Switching
Wei (2006), states that when bilinguals switch between two languages, several speaker-related

factors are important considerations in the process. Bilinguals and multilinguals switch languages
for a variety of reasons. When they have difficulty finding a particular word or idea in their
primary language, they may switch to another language to fill “lexical gaps” and ensure effective
communication (Wei, 2006).

Hoffman (1991) states that there are several reasons why bilinguals switch between languages:
Among these reasons is that when discussing a certain topic, a bilingual may resort to switching
between the two languages to clarify an idea, quote someone else, express sympathy for a cause,
express surprise, or want to clarify the content of the conversation to the interlocutor.

Code switching is more than just a means of communication; it is a multiliteral tool that has a
crucial role in shaping our identity and social interactions. It can be utilized to express individuals
more accurately, build stronger social relationships, and reflects cultural and social belonging,
allowing them to be flexible in adapting to different situations. Furthermore, code switching
contributes to the development of cognitive skills by allowing leveraging the strengths of different
languages. (Green, & Abutalebi, 2013).

Functions of Code Switching

In some situations, code switching has its own functions. A variety of studies (e.g. Macaro, 2001;
Simon, 2001; Storch & Wigglesworth 2003) state that code switching is a facilitator tool teachers
and students can use in classrooms. Learners can gain additional cognitive support through the
use of the first language. This cognitive support enables them to analyze language more deeply.
Moreover, code switching may help students create a learning environment full of collaboration

between students and teachers, which encourages learner-centered teaching.
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Code switching is a complex linguistic and social phenomenon that plays a crucial role in
communicative interactions. It is a tool for expressing identity, building social relationships, and
adapting to diverse contexts. In addition, code switching has multiple functions, including:
enhancing group affiliation, highlighting social status, facilitating understanding, expressing
emotions, and meeting diverse communication needs. Individuals from certain linguistic
minorities may resort to code switching to express their cultural and linguistic identity

In literature ( e.g. Holmes, 2013; Gardner-Chloros, 2009; Auer, 1998), Code switching serves a
variety of functions in communication including establishing social identity, expressing
solidarity, indicating social status, demonstrating language skills, accommodating others,
expressing emotions, and filling lexical gaps. Other functions of code switching include the

following:

Accommodation
Code-switching can be used as a social or cultural adaptation strategy, allowing speakers to adapt

their language to suit the context or linguistic preferences of their interlocutor. Learners may code

switch in classroom for the purpose of facilitating understanding or creating a sense of solidarity.

Identity or Solidarity within a Group
Identity and solidarity can serve as code-switching function, allowing people to express cultural

and social identities, adjust their language and communication style to connect with different
social groups or contexts, thereby demonstrating solidarity with a particular group while
maintaining their own identity.

Identity within a group can be expressed through code switching to show solidarity or connection

to that group's culture or norms.

Clarification
Code switching may have an explanatory function by expressing certain concepts or ideas better

in one language over another. Learners can switch languages to provide additional information
and express an idea more effectively when using a particular language. Code switching can fill
some gaps in linguistics.

Discourse Markers

Discourse markers play an effective role in organizing discourse and facilitating the
communication process among individuals, especially in multilingual contexts. They act as
linguistic signals that mark the transition points between different languages or dialects, which

contributes to maintaining the cohesion of discourse.
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Various studiese.g. (Myers-Scotton, 1993; Benrabah, 2009) have shown that the use of discourse
markers is closely linked to the cultural and social identity of speakers, as it can reflect their
belongings to a particular linguistic group or their desire to adapt to a particular communicative
context. For instance, an Arabic speaker in international contexts may use phrases such as “by

God 45" to express emphasis, reflecting the influence of colloquial dialect on classical Arabic.

Quotation or Emphasis (Phatic Function)
The phenomenon of code-switching through quoting specific expressions from other languages

or dialects contributes to successful communication. In this context, there is a strategy known as
the phatic function that allows speakers to give a special character to their speech and direct the
attention of listeners to certain points. Citing specific phrases is a way to assert cultural or
linguistic identity or to give a formal order to a discourse among languages. For example, an
Arabic speaker might use an English expression such as “Frankly” to express a clear and simple

idea, reflecting the influence of English on Arabic in certain contexts.

Social and Power Dynamics
Social and power dynamics are interactions between individuals and groups. They shape social

structures and relationships among individuals, and they influence social identity and behavior
(Hunt et al, 2018). Some studies of code switch (e.g. Bernstein) have shown that language plays
a crucial role in enhancing or undermining social status and power. Furthermore, Foucault’s
theory (1982) asserts that power operates covertly and indirectly through social and cultural

mechanisms, shaping the behavior of individuals without the need for direct force.

Emotional Expressions
Emotional expression through code switching is a reflection of the cultural values and beliefs in

which individuals were raised. Every culture has a set of rules and norms that govern how
emotions are expressed. For example, norms for expressing anger can differ significantly between
Eastern and Western cultures. In addition, social context plays a crucial role in determining how
emotional symbols are interpreted. The same symbol may carry completely different meanings
depending on the relationship between the speakers and the situation in which the expression is

made.

Poetic Function (Culture References and Humor)
Cultural references and humor can function as code-switching, allowing individuals to connect

with others through shared experiences, values, or language styles specific to a particular group

or context.
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Cultural references and humor are an integral part of language, adding patterns of meaning and
significance to words and phrases. Speakers, through these references, can convey complex
messages in a brief and direct manner, without the need for a detailed explanation of each word
or phrase, as the receiver understands the implicit meaning through the shared cultural
background. Thus, cultural references and humor facilitate communication and reduce the
chances of misunderstanding (Norrick, 1993).

The process of transforming meanings and ideas into understandable symbols, known as symbol
switching, is a complex process that involves several basic functions. According to Abel and
Muysken (2006), these functions include: referential (referring to objects or ideas in the real
world), directive (guiding the behavior of others), rhetorical (transmitting information and
knowledge), metalinguistic (talking about the language itself), expressive (expressing feelings
and emotions), and poetic (using language in a creative and engaging way).

Typologies of Code Switching
Based on linguistic and social contexts, code switching has various types in communication

(Wardhaugh, 2006). Such forms assist individuals to manage their conversational environment
and thoughts effectively.

For some researchers (e.g. Hoffman, 1991; Wardhaugh, 2006; Appel & Muysken, 2006) code
switching could be divided to numerous types depending on the scope of language change. For
Wardhaugh (2006), code switching has two types: (a) Situational Code Switching and (b)
Metaphorical Code Switching. The former might occur subconsciously. It refers to the speaker’s
use of one language in one situation and use other languages for other situations without making
any changes in topics. The latter, however, involves changes in topics which in turn lead to code
switching

According to Appel & Muysken (2006), code switching includes three types: (a) inter-sentence
(switching between sentences), (b) intra-sentence (switching within a sentence). It is also known

as code mixing, and (c) tag switching (inserting a word or phrase from another language).

Code switching versus Borrowing
According to some researchers (e.g. Thomason, 2001, 2003; Myers-Scotton, 2006), both code

switching and borrowing are related as they are on a diachronic continuum. They both involve
incorporating elements of one language into another. Both processes can occur naturally during
language learning and communication. That is, borrowing is a diachronic procedure by which

languages divers areas of structures, whereas code-switching refers to the use of spontaneous
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language mixing in the speech of bilinguals. Originally, borrowing expressions are code switches.
However, others (e.g. Poplack & Dion 2012; MacSwan & Colina 2014) both code switching and
borrowing are separate processes. Code-switching means to insert foreign words into a sentence

or a phrase; borrowing refers to entering foreign elements into a lexicon.

Methodology

A quantitative research design was utilized in order to reach the findings of this study. The aim
of this study was to investigate the effectiveness of code switching on improving the academic
achievement in reading and writing skills of fifth-semester students in the English Department at
the College of Languages, University of Benghazi for the academic year 2023. It also aimed to
show what type of code switching was the most common used by the participants and the reasons
behind it.

The participants were 45 male and female students. Their English level was pre intermediate.
Before conducting the treatment, a placement test was distributed to 60 male and female students,
and participants who achieved the pre-intermediate level (45 participants) were selected.

They were randomly divided into 3 classes. Each class contained 15 students. The three classes
were taught using a different teaching technique. Code switching was allowed in just two groups
(2,3) . Group 1 (OEG)  was taught only in English. The use of learners' first language was
prohibited and hence no code switching was utilized. With group 2 ( CSG), the instructor
allowed the use of student-driven code switching among learners , and group 3 ( CSE) , instructor
initiated code switching was allowed to be used while following the policy of having students
summarize everything was taught at the end of each lecture only in English. The period of
teaching lasted for five weeks. There were four classes a week, two hours per lecture.

To gather data after the completion of instruction, two tests (reading test and writing test) were
distributed to the three groups. With regard to the reading test, a reading passage that matched the
content and difficulty of the instruction provided to each group was selected. The passage was
appropriate for the students' pre intermediate level and the vocabulary aligns with the material
covered during the teaching period.

The writing test aimed to assess writing skills in terms of grammar, vocabulary and sentence
structure of three groups. That is, it was conducted to show whether students exhibit a wider
range of vocabulary, grammar and sentence structure in their writing among the three groups.
Students were given a specific amount of time to complete the writing task (two hours). The topic

chosen for the test aligned broadly with the content taught to all three groups.
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Participants
The population of the study involved 45 male and female Libyan fifth-semester students (aged

22-25) enrolled in the Faculty of Languages at the university of Benghazi (academic year 2023).
They had all received English instruction throughout their primary, preparatory, and secondary
education. However, a placement test determined their current English proficiency to be pre-
intermediate. To investigate how code-switching impacts reading and writing development,
participants were randomly assigned to three treatment groups. This randomization helped ensure
that any observed differences in writing skill development can be attributed to the specific
teaching technique employed in each group, rather than pre-existing variations in English

proficiency among the participants.

Instrumentation
All groups used identical materials for consistency across the experiment. The three groups were

taught by the researcher. Reading and writing skills were taught to the three groups. Each lecture
contained a new lesson. The primary difference between the groups centered on their exposure
to code-switching:

Group 1 (OEG) experienced lessons in English, promoting reliance exclusively on English
comprehension and skill development. Group 2 (CSG) explored student-driven code-switching,
allowing participants to employ their native language for explanation throughout the lectures.
Group 3 (CSE) received instructor-initiated code-switching for explanation, followed by English
summaries to ensure understanding and support participation and learning in English.

All groups completed the same reading comprehension exercises and writing tasks throughout
the treatment. However, Group 3, in addition to standard assessments, was required to summarize
the main points of each lecture in English at the end of lessons. This allowed for an examination
of their ability to learn and express themselves effectively in English after using code-switching
throughout instruction.

Findings
Results of the Reading Test
Descriptive Statistics

The findings indicate the effectiveness of code-switching with English summarization at the end
of each lecture. That is, group 3 achieved the highest mean score (82) compared to Group 2
(student-driven code-switching, mean: 75) and Group 1 (English-only instruction, mean: 68).
One —way ANOVA was employed to reveal whether the observed differences in mean scores

between the three groups were statistically significant, one-way ANOVA was employed. It
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revealed a statistically significant effect of teaching technique on reading comprehension scores
(F(2,42) =7.89, p = 0.001).

After conducting a one-way ANOVA and finding a significant effect of teaching techniques on
reading comprehension scores, Post-hoc analysis using Tukey's HSD test was conducted in order
to determine which specific group differed significantly.

This kind of test compares the means of all possible pairs of groups (G1 vs. G2/ G2 vs. G3/ G1
vs. G3).

Post-hoc analysis using Tukey's HSD test showed that students in Group 3 (instructor-initiated
code-switching with summaries group) scored significantly higher on average compared to both
Groupl (the English-only group, (p = 0.001) and Group 2 (student driven code-switching group,
p =0.02).

Results of Writing Test
As previously mentioned, in the writing test evaluated writing focusing on grammar, vocabulary

and sentence structure. The findings were as follows:

1. Grammar
One-way ANOVA on grammar scores revealed a statistically significant difference among the
three groups (p < 0.05). A post hoc test (Tukey's HSD) was used to further locate those

differences and to conduct pairwise comparisons between all groups.

1. Group 1 (English Only) vs. Group 2 (Student-Driven Code-Switching):

The results revealed a statistically significant difference (p < 0.05) in grammar scores between
Group 1 (English Only) and Group 2 (Student-Driven Code-Switching). Students in Group 2 who
used student-driven code-switching techniques made fewer grammatical errors on average
compared to students in the English-only group.

2. Group 1 (English Only) vs. Group 3 (instructor initiated Code-Switching with
Summarization):

The post hoc test revealed a statistically significant difference (p < 0.05) in grammar scores
between Group 1 and Group 3. This indicated that students in Group 3 achieved significantly
lower grammar error rates compared to the English-only group (Group 1)

3. Group 2 (Student-Driven Code-Switching) vs. Group 3 (Code-Switching with
Summarization):

The findings showed no significant difference in grammar scores between Group 2 and Group

3. This means that students in both groups had benefited from the act of code-switching itself,
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regardless of who initiated it. In other words, using code switching techniques that were utilized
with groups 1 and 3 were equally effective in improving grammar skills compared to G1 English-

only instruction.

2. Vocabulary
One-way ANOVA showed a statistically significant effect of teaching technique on vocabulary
scores (p = 0.01). Post-hoc analysis using Tukey's HSD test revealed that Group 3 (CSE) used a
significantly wider range of vocabulary on average compared to both group 1 (OEG) (p = 0.008)
and group 2 (CSG) (p = 0.03).

3. Sentence Structure
Based on ANOVA, there were no significant differences detected between the groups in sentence
structure scores. This means that all three teaching techniques (English-only, student driven code-
switching, and instructor code-switching with summaries) had a similar impact on sentence
structure complexity. That is, the findings showed that all three techniques contributed to
developing sentence structure complexity, even though they approach it differently.
Generally, the results revealed that code-switching instruction was beneficial for improving
grammar compared to English-only instruction. However, utilizing summarization technique to
code-switching (CSE) seemed to significantly impact vocabulary usage, with students in Group
3 demonstrating a wider and more precise vocabulary range. Sentence structure complexity did
not appear to be significantly impacted by the different teaching techniques in this study.
Regarding the last objective of the paper which is to show the most common type of code-
switching used by students, the results showed that intra-sentential switching was the most
common type observed. The students switched languages within single sentences. This happened
when a specific word or expression was better conveyed in the other language. Individuals might
have switched languages within sentences (intra-sentential code-switching) to express themselves
more clearly or naturally, especially when they are not able to locate the right word in one
language. They might have also used code-switching to highlight key points or create a specific
language style
The results showed that the students integrated linguistic elements from their mother tongue
(Arabic) into the target sentence structure in English. This approach facilitated the process of
expressing complex ideas, as it enabled them to employ specific expressions for which they could

not find a correct corresponding in the target language.
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Conclusion

This study highlighted the importance of code switching in bilingual classroom settings,
particularly English and Arabic. Three groups were taught using different teaching techniques.
Generally, the results showed that incorporating code switching along with the policy of
summarizing the main points in each lecture in English had a positive impact on students’ abilities
to improve their reading and writing skills. Regarding the type of exchange used most among
students, the results showed that frequent switching between sentences, in which students
combine terms or phrases from their mother tongue into one sentence, is the type most used
among students. In general, the results of the study showed that code switching served as a
valuable mechanism for bilingual individuals to efficiently convey nuances and bridge vocabulary

differences.
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Abstract:

Aim of study; the study planned to evaluate the effectiveness and safety of symptomatic simple
renal cyst aspiration.

Materials and methods; a prospective study over a period of seven years from January 2013 to
December 2020, 60 patients with simple renal cysts underwent percutaneous aspiration with and
without injection of 95% ethanol. Out of the 60 patients there were 40 males and 20 females
whom ranged in age from 25-75 years. The presentations of patients were flank or back pain in
35 patients (58.3%), painful flank mass (the pain is due to the size of cyst itself or due to
compression of the urinary collecting system causing mild to moderate hydronephrosis) in 15
patients (25%), painless clinically palpable abdominal mass in 5 patients (8.3%) and 5 cases
(8.3%) presented with hypertension. The patients (60) were divided into two categories
(according to the management plan):

Category 1: Includes 30 patients with symptomatic cysts (50%) that underwent aspiration of cysts
only.

Category 2: Includes 30 patients with symptomatic cysts (50%) managed by aspiration and
sclerotherapy.

All patients included in the study underwent an active surveillance of follow up at 3, 6, and 12
months for the assessment of subjective improvement (improvement of symptoms) and objective
improvement (ultrasonic evidence disappearance or decrease in the size of renal cysts). The
complete and partial success was defined as symptoms resolution with either total cyst ablation
or more than 70% reduction of cyst size.

Results;

Category 1: complete disappearance of cyst was noticed in 20 cysts out of 30 (66.6%) and partial

reduction in size was recorded in 10 cysts (33.3%), 25 patients out of 30;showed complete
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disappearance of their symptoms (83.3%) while 5 patients show no improvement of symptoms
(16.6%) the average follow up period (3-12 months).

Category 2: complete disappearance of cyst was noticed in 25 patients out of 30 (83.3%) and
partial reduction in size was recorded in 5 cysts (16.6%), improvement in symptomatic patients
was noted in 28 patients (93.3%) and only 2 patients show no improvement in symptoms (6.6%).
Conclusions; aspiration of simple renal cyst (with or without ethanol) is a safe, simple, minimally
invasive, and cost effective and should be recommended as an option for treatment of
symptomatic simple renal cysts in selected patients.

Key words; Simple renal cyst, percutaneous aspiration, sclerotherapy.
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Introduction:
It is typically seen among middle-aged and older adults, Simple renal cyst indicates the presence
of abnormal fluid-filled sacs in the kidney. The causes of formation of these cysts are not well-

understood, but it may be due to blockage of the kidney tubules. There are also no well-established
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risk factors for simple renal cysts. Many cysts are found incidentally while examining the
individual for other medical conditions. The signs and symptoms depend upon the size of the
cysts and it may include abdominal pain and obstruction of the urinary tract (when the cyst is
huge). The treatment of symptomatic and large renal cysts may include sclerotherapy and
percutaneous fluid aspiration. However, a wait and watch approach for cysts presenting no
significant symptoms is an option. Generally, the prognosis of simple renal cyst is excellent, since
it is a benign cyst. In some individual, hypertension may develop due to renal cysts that can be
corrected either by surgically, laproscopically or percutaneously.

The cyst is congenital or acquired is not clear, however its origin may be similar to that of
polycystic kidneys because of defects in development of the collecting and urinifrous tubules in
mechanism of their joining; blind secretory tubules that are connected to functioning glomeruli
become cystic: on other hand, simple cysts have been produced in animals by causing tubular
obstruction and local ischemia, this suggests that the lesion can be acquired. As simple cysts
grows, it compresses and thereby may destroy renal parenchymal.

The incidences of simple renal cyst increases with age, both male and female gender are affected,
but a predilection for males is observed. And no specific ethnic or racial preference is seen. Also

there are no definitive risk factors have been noted for simple renal cyst.

A solitary cyst may be placed in such a position as to compress the ureter, causing progressive
hydronephrosis. The majorities of simple renal cysts (mainly small cysts) are asymptomatic and
discovered incidentally during routine ultrasonic examination of abdomen or during imaging
studies for other abdominal problems. However large renal cysts may be manifested by abdominal
and flank mass and / or either dull flank or back pain which can be acute and sever (due to sudden
distention of cyst by internal bleeding, or rupture of the cyst spontaneously).The patient may
present with hematuria due rupture of the simple renal cyst into PCS. However the other
manifestations of renal cysts are fever and hypertension (because of renal ischemia secondary to
the pressure effect of the cyst on nearby normal parenchyma, or the pressure effect on the main
renal vessels, also hydronephrotic changes due to drainage obstruction may be manifested by

hypertension) (Gunnel, 1974).

The simple renal cyst can be single or multiple, unilateral or bilateral; can be affecting any part
of kidney but mainly lower renal pole. The sizes of simple renal cysts are ranging from few

millimeters to many centimeters in diameters. In evaluating suspicious simple renal cysts,
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important ultrasonographic features include thickness and contour of the cyst wall, number and
thickness of any septa, presence of any calcifications, density of the renal cyst fluid, and presence
of solid components. A renal cyst that is not clearly a simple cyst by strict ultrasound criteria
should be evaluated further with computed tomography (CT).

Renal CT scan with and without the administration of contrast material remains the single most
important radiographic test for delineating the nature of renal cyst. In general, any renal cyst
(mass) that enhances with intravenous administration of contrast Material on CT by more than 15
Hounsfield units (HU) should be considered a renal cell carcinoma (RCC) until proved otherwise.
Bosniak developed a useful classification scheme primarily based on CT imaging criteria that
divides renal cystic lesions into categories that are distinct from one another in term of the

likelihood of malignancy (Bosniak , 1997 and Israel ,2005).see table 1.

Table 1:
Stage Morphology Characteristic Management
Boshiak | Simple cyst with fluid No calcifications or septa; No further workup
attenuation hairline-thin wall needed
Minimally complex cyst; A few hairline-thin (<1 mm) septa | No further workup
Bosniak 11 diameter <3 cm; uniform or thin calcifications; wall shows needed
hyper-attenuation minimal regular thickening
Increased number of septa,
Bosniak I1F Complexity intermediate minimally thickened with nodular | Ultrasound/CT follow-
between Bosniak Il and 1l | or thick calcifications; contrast up
may produce perceptible but not
measurable enhancement of septa
or wall
Thick, nodular, irregular Partial nephrectomy or
Bosniak 111 Complex cyst; enhanced calcification; septa show thick, radiofrequency ablation
septations or wall irregular, measurable in elderly or poor
enhancement with contrast surgical candidates
Thick, nodular, irregular
Bosniak 1V Cystic mass; enhanced soft | calcification; enhanced nodule in Partial or total
tissue and cyst septa and wall nephrectomy

Once malignancy has been ruled out, surgical intervention for asymptomatic cyst is not indicated
(Solvis and Kroovand, 1980). Large renal cysts may cause abdominal or flank pain, although this
pain may be caused by a coexisting problem (i.e., nephrolithiasis), and other causes of pain should
be ruled out.

Other symptoms that may arise as a result of simple cysts are pain resulting from hemorrhage into

the cyst or calyceal or infundibular obstruction due to cyst impingement. In rare cases,
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hypertension may occur, presumably from cyst compression causing segmental renal ischemia of
the surrounding renal parenchyma. Cyst infection is a rare but potentially severs complication,
with patients presenting with fever, flank pain, and, often, a symptomatic pleural effusion. Most
of these patients are women, the most common pathogen is Escherichia coli, and urine culture
can often be negative. Treatment of the simple cyst must be directed to the symptomatology.
When a benign simple cyst causes pyelocalyceal obstruction or hypertension, the problem may
be corrected either surgically, by unroofing the cyst, or percutaneously, by aspirating the fluid
and perhaps injecting a sclerosing agent, particularly if the fluid has reaccumulated after an earlier
aspiration. Percutaneous resection, intrarenal marsupialization, and laparoscopic unroofing
(either transperitoneal or retroperitoneal) are all reasonable option for the treatment of
symptomatic simple cysts [Meyer and Jonas 4]. If the cyst is huge and/or associated with other
anomaly requires surgical treatment or if the sclerotherapy is failed or complicated by
hemorrhage, septation or infection. Nevertheless laparoscopic intervention require more
technique, experiences and equipments and so may be reserved for multiple, pelvic and more
complicated cysts. Sclerotherapy is contraindicated when the following are present or suspected;
malignancy, infection, communication with the renal collecting system, and peripelvic location.
The treatment of symptomatic cysts with aspiration and sclerotherapy is more effective and is an
effective minimally invasive option with good results. Sclerotherapy has been performed with
several agents as mentioned before, including glucose, phenol, iophendylate, and 99% ethanol
and bismuth phosphate. Other chemicals for sclerotherapy include 10% povidone-iodine and

doxycycline (Chung 2000).

Materials and methods:

Sixty patients with symptomatic renal cysts underwent percutaneous drainage of their cysts under
ultrasonographic guidance with or without using 95% ethanol sclerotherapy in Urology Center-
Benghazi over a period of seven years from January 2013 to December 2020. Form this study; a
valuable base-line data had been obtained that has a great impact on understanding the natural
history and course of cyst development and its direct impact on the patients quality of life, these
data include; age and gender of the patient, size of cysts, incidence of bilaterally, symptoms
variations from one patient to another, objective and subjective improvement after cyst aspiration,
tolerance and acceptance to the procedure, incidence and severity of possible complications after

aspiration of cyst and sclerotherapy, and cooperation of patients in term of regular follow up.
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Among the overall number of patients (60 patients) , there were 40 males (66.6%) and 20 females
(33.3%) and the age of patients ranged from 25 to 75 years with mean age group of 51.5 years as
listed in detail in table 2, that shows the number of patients regarding their age and gender
distribution (Table 2).

Table 2 Number of cases regarding age and gender distribution
Age of patients  Number of cases M Sex E
<30 1 (1.6 %) 1 (1.6%) --
31-40 4 (6.6%) -- 4 (6.6%)
41-50 10 (16.6 %) 4 (6.6%) 6 (10%)
51-60 20 (33.3%) 15 (25%) 5 (8.3%)
61-70 10 (16.6%) 8 (13.3%) 2 (3.3%)
>70 15 (25%) 12 (20%) 3 (5%)
Total 60 patient 40 (66.6%) 20 (33.3%)

The unilateral renal cysts were 56 (93.3 %) and bilateral renal cysts only seen in 4 patients (6.6
%),and the right side was more than the left side, the right side renal cysts 34 (56.6 %) and the
left side renal cysts 22 ( 36.6% ).

Table 3 (side of renal cysts)

Side of renal cyst Number of patients Percentage
Right side 34 56.6 %
Left side 22 36.6 %
Bilateral 4 6.6 %

The following table shows the distribution of the renal cysts regarding their positions, where 3
(16.2%), 17 (55.8%) and 24 (27.9%) renal cysts were located at the middle portion (either at
lateral aspect of kidney or parapelvic), upper pole and lower pole of kidney respectively (Table
4).

Table 4 Number of cysts regarding their position
Number of cysts Upper Lower Middle or Para-pelvic
3 - - 3(5 %)

17 17(28.3 %) - -
40 - 40(66.6 %) -
Total 60 17 40 3

The presentations of patients were flank or loin pain in 35 patients (58.3%), painful flank mass
(the pain is due to the size of cyst itself or due to compression of the urinary collecting system
causing mild to moderate hydronephrosis) in 15 (25%) patients, painless clinically palpable
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abdominal mass in 5 (8.3%) patients and 5 (8.3%) cases presented with hypertension. (Table 5)

demonstrates the presentation of renal cysts.

Table 5 Presentations of renal cysts
Number of patients _ . _ _
Pain Painful mass Painless mass Hypertension
35 35(58.3%) - - -
15 - 15(25%) - -
5 - - 5(8.3%) -
5 - - - 5(8.3%)

Total 60

The next table describes the age group and its relation to the presenting symptoms of the renal cysts (Table
6);

Table 6 Presentations of renal cysts
Age Number of patients _ _ _ _
Pain Painful mass Painless mass Hypertension
<30 1 -- -- -- 1
31-40 4 - - - 4
41-50 10 8 2 - -
51-60 20 14 6 - -
61-70 10 8 1 1 -
>70 15 5 6 4 -
Total 60 patients 35 15 5 5

The estimated diameters of the renal cysts on the initial ultrasonographic images obtained before
the procedures were 8.0--18.0 centimeters (cm) _ and the cysts are divided into 2 groups
according to their size (less than 10 cm and more than 10 cm in diameter). Out of 60 patients with
renal cysts there are 45 (75%) renal cysts less than 10 cm and the other 15 (25%) cysts are more

than 10 cm in diameter (the biggest cyst is 18 cm in diameter).

(Table 7);
Table 7 Number of cysts regarding the size of cyst
Size of cyst
Number of cysts <10 cm > 10 om
45 45(75%) -
15 - 15(25%)

Table 8, the relation between the size of renal cyst and the patient’s age:
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Table 8 Number of cysts regarding the size of cyst
Age of patients Number of cysts Size of cyst
<10cm >10cm

<30 1 1 --

31-40 4 3 1

41-50 10 7 3

51-60 20 13 7

61-70 10 7 3

>70 15 14 1

Total 60 cysts 45 15

The volume of aspirated cystic fluid was ranging from 80 ml to 850 ml. In about 40 renal cysts
(65 %) the amount of fluid aspirated was range from 500 ml to 850 ml, and from 200 ml to 500
ml of clear fluid was aspirated from 16 cysts (26.6%), however in 4 cysts (6.6%) the fluid was
aspirated in the range of 80mI-200ml.(Table 9);

Table 9 Number of cysts regarding the amount of fluid aspirated
Number of cysts Amount of fluid aspirated
80-200 ml 200-500 ml 500-850 ml
40 - - 40
16 - 16 -
4 4 -- -
Total 60 4(6.6%) 16(26.6%) 40(66.6%)

All Procedures were performed as an outpatient basis under cover of prophylactic antibiotics, and
each patient was placed either in the prone or lateral decubitus position depending on the location
of the cyst, however local anesthesia was achieved by 2% lidocaine hydrochloride that was
applied to the puncture site after sterile preparation. An 18 gauge needle was inserted into the cyst
under ultrasonic guidance.

When the two thirds of the estimated volume cystic fluid had been aspirated, 5-10ml of diluted
contrast medium was instilled into the cyst to ensure that there was no communication with the
pelvicalyceal collecting system, and to exclude any leakage from the puncture site, after that
almost all cystic fluid was aspirated, about 5-10 ml of 2% lidocaine was injection followed by
instillation of 95% ethanol alcohol. The amount of ethanol injected was equal to 25-30% of
aspirated fluid from the cyst and left inside the cyst for about 30-40 minutes where the patient
changes his or her position to supine, prone, and both lateral positions successively for about 5
minutes in each position to facilitate adequate contact of alcohol with all parts of the of the cystic
wall. The alcohol was then completely aspirated and then ciprofloxacin 500mg is given orally

twice daily for 5 days however oral analgesics are taken on need.
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The patients were instructed to come at 3, 6 and 12 months for follow up ultrasound study and
assessment of subjective and objective improvement. Re-accumulation of the fluid within the cyst
requires other trial of aspiration and injection of sclerotherapy. The complete and partial success
was defined as symptoms resolution with either total cyst ablation or more than 70% reduction of
cyst size; however failure was defined as reoccurrence more than 30% of cyst size and / or
persistent of symptoms.

Statistical analysis:

Data analysis was performed using the software programme SPSS 17.0 for Windows XP.

The t-test and Mann-Whitney test were used for comparison of the numerical variables. The

categorical variables were compared using the chi-square and Fisher exact test. Significance was

considered as a p-value <0.05.

Results:

The patients (60) were divided into two categories (according to the management plan):
Category 1: aspiration of cyst only includes 30 patients with symptomatic cyst (50%).

Category 2: aspiration and sclerotherapy (ethanol injection) in 30 patients with symptomatic cysts
(50%).

All patients included in the study underwent an active surveillance of follow up at 3, 6, and 12
months for the assessment of subjective improvement (improvement of symptoms) and objective
improvement (ultrasonic evidence disappearance or decrease in the size of renal cysts). The
complete and partial success was defined as symptoms resolution with either total cyst ablation
or more than 70% reduction of cyst size.

Category 1: complete disappearance of cyst was noticed in 20 cysts out of 30 (66.6%) and partial
reduction in size was recorded in 10 cysts (33.3%) USS abdomen was done to all patients at 3

months post aspiration of cysts (Table 10);

3 moths post aspiration objective response

Table 10 of symptomatic cysts
Number of cysts Complete reduction Partial reduction
20 20 -
10 - 10
Total 30 20 10

In patients with partial reduction of cysts (10), a second session of aspiration was done; complete
reduction of cyst noted in 7 patients while recurrence was noted in 3 patients within 3 months.
(Table 11);
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In this category (1), complete disappearance of symptoms was noted in 25 patients (83.3%) while
5 patients show no improvement of symptoms (16.6%) the maximum follow up period is 12
month. (Table 12);

Table 12 3,6,12 month post aspiration subjective response
Number of cysts Complete disappearance of symptoms . No
improvement
25 25 -
5 - 5
Total 30 25 5

Category 2: (aspiration of cyst and sclerotherapy); complete disappearance of cyst was noticed
in 25 patients out of 30 (83.3%) and partial reduction in size was recorded in 5 cysts (16.6%),
table 13:

3 months post aspiration & sclerotherapy-objective

Table 13 .
response of symptomatic cysts
Number of
cysts Complete reduction Recurrence within 3 months
25 25 -
5 - 5
Total 30 25 5

In category 2; improvement in symptomatic patients was noted in 28 patients (93.3%) and only 2
patients show no improvement in symptoms (6.6%).

Table 14 3,6,12 month post aspiration & sclerotherapy subjective response
Number of cysts Complete disappearance of symptoms No improvement
28 28 -
2 -
Total 30 28 2

Discussion and Literature review:
Simple renal cysts are common and occur in about 50% of persons older than 50 years old on

whom autopsies are performed. The sex incidence is almost equal where there is no hereditary
tendency. Such cysts are frequently multiple, of various sizes and their cause is uncertain, but
tubular obstruction and ischemia in the obstructed area have been postulated. Most simple renal
cysts are asymptomatic and are discovered incidentally on excretory urographic, sonographic,
and computed tomography examinations performed for other reasons. However, such cysts can

become symptomatic as a result of infection or obstruction of the pelvi-ureteral junction or
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infundibulum, or because of pressure effect due to their large size however it is rarely causing
local ischemia that induce excess renin production and then renin induced hypertension
(Ozgur1988).

Most symptomatic renal cysts can be treated by percutaneous drainage or by a combination of the
drainage and seclerotherapy. Simple drainage is associated with recurrence rate of 30-87%
(Stevenson 1971). A combination of drainage and seclerotherapy reduces the rate of recurrence.
The sclerosing agents used to prevent recurrence include iophendylate, 95% alcohol solution,
tetracycline solution, and morrhuate sodium and minocycline hydrochloride (Okahawa, 1993).
Aspiration without sclerosis is known to be of little therapeutic value; although the results
obtained using these sclerosing agents have been satisfactory (Lin 2005).

However, with aspiration alone, in our study, only 33.3% of the cysts showed no reduction
(category 1) while 66.6% showed a complete reduction on the other hand; (category 2); partial
reduction in size was recorded and recurrence was noted in16.6% while complete disappearance
of cyst was noticed in 83.3%of patients.

The recurrence of renal cysts after aspiration with or without seclerotherapy is probably caused
by incomplete ablation of the cystic wall (Bean 1981). Chung and colleagues (2000) noted 95%
complete regression of simple cysts with two sclerotherapy sessions compared with only 19%
complete regression with single-session percutaneous sclerotherapy. Long-term data supporting
the durability of sclerotherapy to 5 years or beyond, however, are not available. In our study, 5
cysts larger than 10 cm needed 2 sessions of seclerotherapy.

Because low incidence of ; the aspiration of symptomatic renal cysts with or without
seclerotherapy is recommended to be the one of the reasonable option of treatment of
symptomatic simple renal cysts however; huge cysts (more than 10 cm) needs more than one
session of seclerotherapy. For those patients who fail sclerotherapy, have cysts in communication
with the collecting system, or have cysts deemed too large to be adequately treated with aspiration

and sclerotherapy, percutaneous resection should be considered (Ozgur 1988).

Conclusion:

Aspiration of simple renal cysts with or without sclerotherapy is safe, simple, minimally invasive,
and cost effective and should be recommended as an option in the treatment of symptomatic
simple renal cyst. Because of low incidence of complications, the aspiration of simple renal cyst
can to be the first option in treating selected patients; however, huge cysts (more than 10 cm) may

needs more than one session of aspiration with sclerotherapy.
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Abstract
Circulation paths and visual terminations are among the most essential elements in the design

of architectural environments, as these elements contribute to enhancing and improving the
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user experience, affecting their emotions and interactions with the architectural space. The
cognitive and perceptual abilities of users within architectural spaces depend on the built
environment's capacity to guide its occupants and visitors to move safely by enabling them to
distinguish between paths and transition smoothly and easily within and outside architectural
spaces.

Since the language of architecture is a specific visual art form shaped by the primary
determinants of circulation paths and visual terminations, the design of architectural spaces, in
addition to meeting various functional, aesthetic, and expressive requirements, prioritizes
effective usability. This is crucial due to the necessity for coexistence, which requires studying
a set of elements, most importantly circulation paths and visual terminations. These elements
work together to differentiate between components and entities, thus conveying and reflecting
meaning to the user.

This study, therefore, aims to highlight the importance of circulation paths and visual
terminations in enhancing and improving user experience in architectural spaces, especially in
hospital buildings. Due to their significant role in design processes, hospital designs must
balance practical functions with the experiences of patients and visitors, ensuring clear and safe
wayfinding within the building to guarantee the comfort and safety of everyone.

Keywords: Circulation Paths— Visual Terminations— Architectural Space— Architectural

Composition— Visual Continuity.
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Abstract:

The objective of the study is to perform a full factorial design investigation as a first Screening
stage for the effect of wire electrical discharge machining (WEDM) process parameters on the
machining of stainless steel (SS304). This step was found to be very essential in this research
work. The reason was the wide scattering of cutting parameters ranges available in the
literature. Therefore, there was no clear picture on the suitable parameters ranges which should
be taken in a comprehensive DOE analysis using more advanced methods such as the Response
Surface Methodology (RSM) or the Taguchi Method. The material removal rate (MRR) was
chosen as a response in this study. The factors considered are: wire tension (N), wire feed
(mm/s), current (A), and voltage (V). Basic factors ranges were chosen based on the literature
review, and then a full factorial design is generated and WEDM cutting experiments were
carried out accordingly. Then statistical analysis is performed and parametric study and optimal
settings for achieving maximum material removal rate value was determined. The results from
the full factorial design showed that the current (A) parameter had the most significance on the
material removal rate.

Keywords: Index Terms - Unconventional cutting process, WEDM, DOE, full factorial design,

Optimizations.
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Introduction

Machining involves the removal of some material from the workpiece to produce a specific
geometry at a definite degree of accuracy and surface quality. Parts manufactured by casting,
forming, and various shaping processes often require further operations before being ready for
use or assembly. In many engineering applications, parts have to be interchangeable to function
correctly and reliably during their expected service lives thus, control of the dimensional

accuracy and surface finish of the parts is required during manufacture. (EI-Hofy, 2005)

Electrical Discharge Machining, (EDM) is capable of machining complex shapes with the most
accuracy. In EDM machining is done by eroding the material by electrical discharge forming an
arc between the workpiece and tool electrode. In wire-cut electrical discharge machining
(WEDM) or commonly called wire EDM, a wire as an electrode is used. The wire electrode
discharges a huge amount of spark to the metal workpiece. A thin film of fluid mostly a
dielectric fluid separates the workpiece and wire electrode and wash away the debris produced.
The accuracy during WEDM process is obtained by numerically controlled axis movement of
wire electrode holder (Mahapatra and Patnaik 2007, Sharma and Vates 2021). Fig. 1 shows the

WEDM process and essential elements.

The most significant response variables in WEDM are the material removal rate (MRR) and
surface roughness (SR) of the workpiece (Bobbili et al 2015).
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Fig. 1. Schematic diagram of Wire EDM system (Bobbili et al 2015)

In reviewing some of the previous research work in this issue, Sharma et. Al, 2013) investigated
the effect of parameters on the metal removal rate and surface roughness for WEDM using
HSLA as a workpiece and brass wire as electrodes. The parameters were pulse on time, peak
current, pulse off time, and servo voltage. Response Surface methodology (RSM) is used to
optimize the process parameter for metal removal rate and surface roughness. RSM is
formulating a mathematical model that correlates the independent process parameters with the
desired metal removal rate and surface roughness. The central composite rotatable design
(CCRD) has been used to conduct the experiments. They found metal removal rate and surface
roughness increase with the increase in pulse on time and peak current. Metal removal rate and
surface roughness decrease with an increase in pulse-off time and servo voltage.

Srivastava, et al. (2014), presented an experimental study on a composite of Al2024 reinforced
with SiC to investigate the effects of electric discharge machining (EDM) for three levels of
each parameter such as current, pulse on time, and reinforcement percentage on surface finish
and material removal rate (MRR). The response surface methodology (RSM) technique has
been applied to optimize the machining parameters for minimum surface roughness and
maximum MRR. As a result, surface roughness was increased with the increased peak current,
pulse on time, and reinforcement. The material removal rate was increased with peak current
and pulse on time and decreased with the increase in enforcement. Swin et al. (2016)
investigated the cutting performance by varying parameters such as pulse on time, pulse off
time, servo voltage, wire feed, current, and cutting speed. The tools and work materials used
were brass wire and SS 304. The output parameters studied were material removal rate (MRR)
and surface roughness. The experimentation was carried out using Taguchi's L16 orthogonal
array under different conditions of parameters. The results showed that the increase in pulse on

time generated more spark energy. The MRR, Kerf width, and surface roughness responded by
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increasing with pulse on time. Among all the responses, pulse on time was found to be the most
significant parameter. Surface roughness also increased with the increase of pulse on time. This
was because the increase in pulse on time produced deeper and broader craters. On the other
hand, pulse off time had the opposite effect to pulse on time. The MRR decreased with the
increase of pulse-off time, while surface roughness reduced. During the rest period, the removed
material was discarded. The more rest time given, the better the cleaning. Servo voltage had
little effect on SR and KERF width, but it had more effect on MRR. Surface roughness
decreased while increasing the servo voltage.

Sivaprakasam et. al. (2019) investigated nano-powder mixed Micro-Wire EDM process of
Inconel-718 alloy. Machining parameters such as voltage (A), capacitance (B), powder
concentration (C), The performance of experiment were material removal rate (MRR), kerf
width (KW) and surface roughness (SR). Twenty-seven experiments were carried out based on
full factorial design by varying voltage, capacitance and powder concentration each at three
levels. Data were analysed using software. The experiment showed that adding graphite
nanopowder to the dielectric improved the topography and roughness of the machined surface
significantly. Particularly, the (Ra) values reduced from 0.830 mm to 0.418 mm, and the
material removal rate increased to 0.0055 mm3/min. These changes resulted in a higher material
removal rate and better surface quality.

Goyal et. al. (2021), employed zinc-coated brass wire electrode for enhanced machining speed,
accuracy, and precision, to investigate the variation in process parameters such as peak current
(Ip), pulse on time (Ton), pulse off time (Toff), and feed rate (FR) with optimization during
WEDM machining operation. The obtained results have been optimized by Taguchi’s
methodology. They found that surface roughness increases with a decrease in pulse-off time and
spark gap set voltage. The surface roughness on the sample was enhanced with an increase in
(Ton) and (IP). Chakraborty et. al. (2021), focused on enhancing the die corner accuracy of
Ti6Al4V by using mixed wire EDM powder and also investigated the effect of process
parameters such as peak current, pulse operation, pulse off time and powder types and response
measures such as die corner error and material removal rate by using the Taguchi methodology.
From their experiments, it was found that a 43.66% improvement in angle accuracy was
achieved in the proposed hybrid technique. The MRR was affected by the peak and pulse
current in time followed by the powder species. It was the best choice for advanced material
machining to achieve better dimensional accuracy in angle machining than using multiple

processes such as cut-off, path adjustment, and parameter adjustment. In powder mixed wire
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EDM, a lower pulse set was preferred as energy consumption was lower and productivity was
higher with high precision dimensions. Among all types of powders used, B4C abrasive powder
particles mixed with dielectrics play the most important role in angle error and MRR. Sharma
et al (2021) investigated the characteristics of WEDM cutting of AISI D2 die steel of 13 mm
diameter using a 0.25 mm diameter wire electrode. The influence of various input process
parameters such as pulse on time (Ton), pulse off time (Toff), peak current (Ip), and wire
tension(Tw), on the metal removal rate (MRR), Ig and machining time (MT) were investigated
by using Taguchi L9 orthogonal array. Signal-to-noise ratio and ANOVA analysis were
employed in the study of response parameters. They found that (Toff) was the leading
significant factor for MRR, gap current, and time taken for machining due to the fact that the
difference between the result values for all three levels was quite higher than the other
machining parameters.

Therefore, this study aims to provide a basic full factorial screening which would be considered
as a first step in a more comprehensive analysis and optimization using another more advanced
analysis methods. Therefore, effect of WEDM cutting process parameters on the material
removal rate (MRR) of (SS304) stainless steel is the main target of this research work.

1. Experimental Details
2.1 Material Selection
Stainless steel (SS304) was selected in this study. Stainless steels are described as steel
alloys with a high chromium content, great strength, and resistance to corrosion as their
primary characteristics (Youssef, 2015). The measured chemical composition of SS 304 is
shown in Table 1. The mechanical and physical properties of SS304 are shown in Tables 2

and 3, respectively.

Table 1: The chemical composition of SS304 (Measured)

Compst. wit%
Cr 20
Ni 10
Mn 2
C 0.08
Si 0.75
P 0.045
S 0.03
N 0.1
Fe Balance
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Table 2: Mechanical properties of SS304 base material

Mechanical Properties Metric English
Ultimate Tensile Strength 520 MPa 73200 psi
Tensile Yield Strength 210MPa 31200 psi
Hardness (Rockwell B) 70 70
Modulus of Elasticity 193 GPa 28000-29000 ksi

Table 3: Physical properties of the base material

SS 304
Density 7.93 g/cm®
Melting Point 1723 K
Specific Heat 530 J/Kg. K
Thermal Cond. 16.2W/m. K

2.2. Type of Cutting Machine Used

This study was carried out utilizing a type (ONA UE / RE 250) machine. The material of the
electrode is Cu 63% / Zn 37% and the diameter is 0.25 mm, and used in the machine is Aircut
7.1 Wire EDM CNC System (See Fig.2). This machine provided by Arabian Golf Oil Company
(AGOCO), Benghazi, Libya.

WEDM Process Parameters Analysis for Stainless... 182



I sl - bl Alaal) 6 Sk - A gidal) daalall dzalal) Alaall
22025 4 Scientific Journal of Open University - Benghazi

Fig. 2: ONA Electro-Erosion Machine ( Availeble at the Araian Gulf Oil Company Central Workshop, Ganfooda ,
Benghazi)

2.3. Material Removal Rate (MRR) Calculation
For (WEDM) MRR is a desired characteristic and should be as high as possible to give less
machine cycle time leading to increased productivity in the present study. MRR is calculated
by using Eq. (1), (Sharma at al, 2013):
MRR = F. D. H 1)
Where:
MRR = Material removal rate (mm3/min),
F = Cutting speed (mm/min),
D = Diameter of wire (mm),

H = Thickness of workpiece (mm).

2.4. The Full Factorial Experimental Design

The experimental work was designed according to the full factorial design of experiment
methodology as a first screening stage in this WEDM study. This step was found to be very
essential in this research work. The reason was the wide scattering of cutting parameters ranges
available in the literature. Therefore, there was no clear picture on the suitable parameters
ranges which should be taken in a comprehensive DOE analysis using more advanced methods
such as the Response Surface Methodology (RSM) or the Taguchi Method. The selected input
variables for the analysis of MRR were wire tension, wire feed, current, and voltage. Next, the
factorial design was performed using a 2-level consisting of 8 runs, and 4 factors with one
responses. The levels of the factors was selected based on trial WEDM runs and literature, and
are as shown in Table 4. The fixed process parameters are Dielectric conductivity: 17mho,
servo voltage: 15V, and dielectric feed: 5V/min. In addition, Table 5 displays the completed

design matrix for WEDM cutting process.

Table 4: the factorial design levels of the factors

Parametric Coded  Level- Levell
1

Wire Tension (N) A 16 20

Wire feed

(mm/s) B 100 130

Current (A) C 4 8

Voltage (V) D 130 160
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Table 5: The Design Matrix with the MRR Response Keyed in.

Run WT (N) WF(mm/s) C(A) V(V) MRR(mm?3/min)
1 20 100 8 130 0.99
2 16 130 4 160 0.79
3 20 130 4 130 0.84
4 20 130 8 160 1.25
5 16 130 8 130 0.95
6 20 100 4 160 0.74
7 16 100 8 160 1.24
8 16 100 4 130 0.85

3. Result and Discussion
The MRR in the WEDM process is essential because of its vital effect on the industrial
economy. The MRR was calculated using equation (1), indicating varying MRR values for
different parameters. In general, from the Table 5, the maximum MRR was 1.24 mm3/min,
when the WT= 20N, wire feed = 130 mm/s, current= 8A, and voltage= 160 V, and the
minimum MRR was 0.930 mm3/min, when the WT= 20N, wire feed = 100 mm/s, current=
4A, and voltage= 160 V. However, a more detailed statistical and graphical analysis is

provided hereafter.

3.1. MRR Results Analysis of VVariance

Analysis of the effects on the cutting parameters in more detail was carried out using analysis
of variance (ANOVA) with implementing the regression method using Minitab software.
The ANOVA results for the reduced linear regression model, which is suggested by the
software for the calculated MRR values are shown in Table 7. If the "P" value is less than
1% (Based on 90% confidence interval), the corresponding factor is considered to have a
significant influence on the response. Also, a high "F" value for a parameter means that the
parameter effect is large. As the Table shows, even though the strict 1% criteria could not be

achieved for all factors. However, the C (current) was the most significant factor.
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Table 7: ANOVA for MRR Analysis of Variance
Source DF Adj SS Adj MS F-Value P-Value
Model 6 0.241232 0.040205 3.12 0.408
Linear 4 0.161302 0.040325 3.13 0.398
WT 1 0.001328 0.001328 0.10 0.802
WF 1 0.009859 0.009859 0.77 0.542
C 1 0.145982 0.145982 11.35 0.184
\Y 1 0.018489 0.018489 1.44 0.443
2-Way Interactions 2 0.043621 0.021810 1.70 0.477
WT*WF 1 0.025091 0.025091 1.95 0.396
WT*C 1 0.005706 0.005706 0.44 0.626
Error 1 0.012866 0.012866
Total 7 0.254098
Model Summary
S R-sq R-sq(adj)
0.113430 94.94% 64.56%

Table 7 also shows the value of R-squared (R?), and adjusted R-squared (Adj. R?) statistics. The
R2 value indicates the adequacy of the suggested model. The higher the R2 value, the better the
model fits the experimental data, which is that R? is always between 0 and 100% (Lakshmikanth
et al, 2013, Minitab Statistical Software). The results obtained for MRR demonstrated that the
R-squared value (0.9494), which approaches 1, is desirable with the adjusted R2 of (0.6456).
Therefore, the generated MRR model is reasonably acceptable and could be used as a first
screening guide to further analysis in the WEDM for 304 stainless steel. In the following

sections, the model and its graphical output are presented.

3.2. Mathematical Model of MRR

The developed egression mathematical equation for MRR has been expressed in terms of the
process variables cutting wire tension (A), wire feed (B), current (C), and voltage (D) in the
form. The mathematical model for MRR has been developed by linear-interaction regression

analysis. Eq. (2) explain the output response (y) can be modelled as:

y=B0+X, Bi xi + 3, Bii x%i+ Tl Bij xixj +e (2)
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Where xi, Xj and xk are input or independent process parameters.

The model in terms of actual factors can be used to predict the response for given levels of each
factor. Here, the levels should be specified in the original units for each factor. The final
mathematical model to estimate MRR in terms of actual factors is given as shown in Eqg. (3):
MRR = 4.53 - 0.304 Wire Tension - 0.0365 Wire Feed - 0.064 Current + 0.00600 Voltage+
0.00229 Wire Tension*Wire Feed + 0.0082 Wire Tension*Current (3)
3.3. MRR 3D Surface and Contour Plots

Based on the MRR mathematical model, a 3D surface and contour plots were then generated for
each pair of two parameters, with the remaining parameters held constant. These plots indicate
the degree of combination effect on the response variables. For the 3D surface plots, the more
curvature, bend, or undulations indicating a stronger effect. In the same regard, straight contour
lines in (2D) contour plots suggest a weaker combination effect, while more bending or curving
lines indicate a stronger effect. The contour plots are particularly useful when the stationary
point is outside the design region or a saddle. The (3D) surface and contour plots for MRR are
presented in Figs (3 to 8).

Figs. 3 (a & b) shows that when the wire tension (A) and the wire feed (B) change, the
combined effect on the MRR is significant shown in plots despite the current (C) and voltage
(D) remaining constant. The MRR increases when the wire tension (A) increases in the higher
wire feed (B) and MRR decreases when the wire tension (A) increases in the lower wire feed
(B).

Figs. 4(a & b), shows that the twist in the response is very distinct, identifying that the
combination effect of wire tension (A) and current (C) on MRR is significant. Response surface
plots, as mentioned earlier, can be used to predict the response value at a given combination of

any two factors.
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Figs. 3 (a & b): effects of A and B on MRR (mm3/min) when C and D are kept constant at (6A and 145V) At the
same time, the remainder parameter is kept at a constant level. The MRR increases when the wire tension (A)
increases in the higher current (C). The MRR values have not been affected when reducing the wire tension (A) in
the higher current (C) region.
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Contour Plot of MRR vs Voltage, Wire Feed

MRR
] & 085
W 035 - 0s0
I 030 - oss

095 - 100
B 100 - 105
B o5 - 0
u >0

Hold Values
Wire Tension 18

Current B

110 115 120 125 120
Wire Feed

(b)
Figs 7 (a and b): a plots showing combined effects of B and D on MRR (mm3/min) when A and C are kept
constant at (18N and 6A)

Figs 8(a & D), shows the combined effects of current (C) and voltage (D) on MRR when wire
tension (A) and wire feed (B) are kept constant. The combination effect of current (C) and
voltage (D) on MRR is significant. Also, the contour plots indicate that a combination of current
(C) and voltage (D) has a prominent effect on MRR. In the same manner, interpretations may
be made from the other plots as well.
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Figs 8 (a and b): a plots showing combined effects of C and D on MRR (mm3/min) when A and B are kept
constant at (18N and 115 mm/s)

3.4.0ptimization plot

The optimization plot shown in Fig 9 represents the influence of each parameter on the

response. The developed models were used for optimizing the cutting input parameters.

Optimizations were calculated for each model separately without considering the other

responses. This is to convene practical for MRR. The achieved results were based on the

different criteria presented in Table 8. In the same table, the selected importance of each

factor is present. The selected importance greatly affects the result, and it is essential to

select it correctly. The numerical optimization results based on individual response

calculation are presented in Table 9.

Wire Ten
High 200
R 200]
Low 160

Optimal

L
y=1a7 | s

d = 1.0000

Fig 9: MRR Optimization plot

Volage
160.0
1160.0]
1300

Table 8: Shows the optimization criteria for input/output cutting parameters

Parameters / Responses Criteria Importance
Wire Tension Range +++

Wire Feed Range +++
Current Range +++
Voltage Range +++

MRR Max +++++

Table 9: Shows the numerical optimization results based on individual response

Parameters

Responses ~ WT WF CA V

Response
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(N) (mm/s) V)

MRR

130 8 160 1.407

(mm3/min))

4. Conclusions

In the present research work, the wire-cutting process of (SS304) stainless steel. The

response was material removal rate (MRR). Based on the results of the experiments,

modeling, and analyses conducted in this study, the main conclusions were presented in the

following points:

1.

Using a Minitab inspired by the full factorial design approach, achieving the best
operating parameter window and developing models to control the cutting parameters is
possible.

The models achieved using full factorial design or (MRR) can adequately mathematically
predict the responses within the factors domain

From the experiment, it was concluded that increasing current increases the feed rate,
and consequently the MRR increased.

The model performed using full factorial design between cutting parameters and MRR of
SS-304 stainless steel is acceptable due to the 94.94% of the actual data described by the
model.

The ANOVA show that the current was the most significant factor.

Using the full factorial design method in Minitab software, the optimum parametric
setting predicted by the model that given the optimum values of maximum (MRR)
obtained under: wire tension = 20N, wire feed = 130mm/s, current = 8A, and voltage=
160V.
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Abstract:

Solar photovoltaic (PV) power represents one of the most promising future sources of energy in
the world. Notably, mega projects are being considered for installation in the Middle East and
North Africa (MENA) region. In this review paper the effect of hot wheaters on the PV solar
systems was investigated by many authors, important of solar energy, impact of the ambient
temperature as well as mitigation of temperature effect processes and technique was studded in
details. The quantity of electricity and power generated by a PV cell is contingent upon a number
of parameters that can be intrinsic to the PV system itself, external or environmental. Thus, to
improve the PV panel performance and lifetime, it is crucial to recognize the main parameters
that directly influence the module during its operational lifetime. Among these parameters the
temperature of the solar panel, installed in Sabha South of Libya, and its influence on the produced
energy was reviewed. It was shown that the efficiency and the total output produced electricity of
the systems hardly influenced by the ambient temperature of the area which exceeds the SCT (25
C?) and reach up to 45C°. To increase the system performance and panels lifetime. In this article
Sabha city wheater, PV solar cell background, temperature impact on the PV solar cells, and

system performance, mitigation of temperature effect processes and technique were reviewed.

Keywords: South Libya climate, PV system; PV performance; PV temperature effect; PV cooling
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1. Introduction
Due to the increased desire for more renewable sources of energy in recent years, solar power has

seen increasing popularity. In 2022, the total global energy usage was approximately 595 EJ
(exajoules, x10'®). Meanwhile, the harvestable annual solar energy that falls upon the Earth’s
landmasses is estimated to be 50,000 EJ. (Ossila, 2019). Libya being a North African Country.
The climate is dominated by the hot Saharian weather. The warmest months are July and August,
at Sebha (south of Libya), the summers are long, sweltering, arid, and clear and the winters are
short, cool, dry, and mostly clear. Over the course of the year, the temperature typically varies
from 5°C to 39°C. South Libya is accounted with large amount of solar resources makes it
distinctively perfect for the installation of utility-scale of solar PV systems. However, energy
consumption has demonstrated an upsurge with a rapid increase in population and growing
demand of modern civilization (Peters et al., 2019). Designing of smart grids which incorporates
response from utilization, distribution, generation and demand of resources would pave ways for

sustainable utilization of energy. Performance of the PV cell is mostly affected through the solar

South Libya High Temperature Impact... 193


https://www.britannica.com/place/Sahara-desert-Africa

I sl - bl alaal) 6 S - A gidal) daalall dialal) dlaall
22025 4 Scientific Journal of Open University - Benghazi

irradiance and ambient temperature (Njok et al., 2018:2). The electrical power can be extracted
from solar energy directly with PV cells; however, the climatic conditions can severely disturb
the photovoltaic solar system performance, thus the location has severed influence on the system
efficiency and, declining the economic viability of such systems. That’s mean continuous and
more intense exposure to such temperatures leads to thermal imbalanced and disturb the
efficiency and thus energy produced by the PV cells (Pillot et al., 2017). The power parameters
of the photovoltaic solar system are highly varying with the temperature, especially the open-
circuit voltage (Voc) decreases by 2 mV °C™, short-circuit current (lsc) increases by 0.06% °C*
and the fill factor (FF) by 2.2% °C'* (Siamak et al., 2017:41-45. Dhassa et al., 2014: 1713-1722).

1.1. Background of PV Solar System plants

Since the mid-1970s, photovoltaics has been used as energy generators. Initially, the PV modules
are used only for powering the electrical devices and equipment in order to save energy at the
customer's house (Zaghba et al., 2024). The PV power plants convert solar energy into electricity
by creating a flow of electrons, which is converted into a direct current due to the absorption of
sunlight electromagnetic waves. The continuous growth of energy demand, a depletion of natural
resources, and significant changes in climate, lead to the development and implementation of a
strategy aimed at the diversification of energy sources in the production of electricity (Villegas-
Mier et al.,2021). The background of solar system plants, explains the operating principle and
Challenges of the solar PV plant, and provides an overview of the power profile. Projects in the
field of communication was started 1980 where a PV system was used to supply energy to a
microwave repeater station near Zella. The use of domestic solar heater started in 1980 by
installing a pilot project of 35 systems, follows by some other projects. There are all together
about 6000 solar heaters in Libya. The use of evacuated tubes for solar haters has been started for
some hotels and homes and expected to grow up soon. (Hewedy 2022). During a webinar
organized by the Department for International Trade (DIT) held in London, 28 July 2021, for
British businesses, ( Zaptia 2021) Mr. Hamid Sherwali, head of the Renewable Energy Authority
of Libya (REAoL) said that, there is no renewable energy production currently inputting into the
national electricity grid. There are, however, 350 off-grid small generating units in some rural
areas, He said Libya’s 2018-2030 Renewable Energy Strategic Plan is ready for implementation

and studies were completed and tenders have been put out.
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1.2. Importance of studying the temperature impact on the performance PV

solar cells
The photovoltaic effect is a process that occurs in some semiconducting materials, such as silicon.

At the most basic level, the semiconductor absorbs a photon, exciting an electron which can then
be extracted into an electrical circuit by built-in and applied electric fields. Semiconductors can
carry out this conversion due to the structure of their electron energy levels. Like all other
semiconductor devices, solar cells are sensitive to temperature. It was found that the increases in
temperature reduce the bandgap of a semiconductor (Siamak et al., 2017:41-45) thereby affecting
most of the semiconductor material parameters. The impact of increasing temperature is shown
in Fig. (1) Below.

4

lsc increases
slightly

high e

temperature
cell

-~
Yoc decreases

Fig (1) The effect of temperature on the IV characteristics of a solar cell. (Honsberg C. et al., 2024)

The short-circuit current, Isc, increases slightly with temperature since the bandgap energy
decreases and more photons have enough energy to create e-h pairs. The change of Isc with
temperature is more dependent upon the design of the cell than the semiconductor material
properties. A lower performance cell with little light trapping and a poor performance in long
wavelengths near the band edge will have very little change in Isc with temperature. Conversely,
a cell with a high response near the band edge will see a much larger change in Isc with

temperature. In either case, the change of Isc with temperature is smaller than the change of Voc.

The performance curves can be used to verify the state of the PV systems by comparing the Power
versus (V-Voc) among a few dates whenever the other conditions such as irradiation spectrum

and the angle of incidence are alike. The IV curve of a PV module Fig. (2a & b) (Meng-Hui W.
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etal., 201) is a graphical representation of the relationship between its current and voltage output
under given sunlight (irradiance) and temperature conditions
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Fig. (2a) The I-V characteristic curve of solar cells under different temperature. (Meng-Hui W. et al., 2012)
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Fig (2b) Factors That Affect Photovoltaic Performance (Akshay., Jan, 2022)

However, the determination of the mismatch losses is more accurately when it is used to compare
the PV module performance at an alike operating condition or best with an alike module
temperature. The module temperature has also a non-linear impact on the string performance due
to the diode effect and since a slight temperature decrease can lead to an increase of the current
that leads a large impact on the electrical system power delivered. Therefore, the operating
temperature and the total operating resistance within the URI (ultra-reliable inverters) are the
similar parameters which are used to calculate the working state of PV inverters and PV systems.
The photovoltaic solar (PV) system generation depends on the sunlight falling on the solar panels
at the solar radiation falling on the panels which produce directly from the light and which can be
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calculated using the sunshine hour and extraterrestrial solar irradiance (Zaghba et al., 2024). Since
the solar module gets heated up due to its exposure to sunshine, the increase in the module
temperature affects the efficiency of the solar cells (Villegas-Mier et al.,2021). The reduced
efficiency of the module at high temperature is also a large concern to the manufacturers and the
designer of the PV systems. It is also an important to study and develop a scientific research work
to foresee the performance of the PV systems based on the ambient temperature (Peters et al.,
2019).

2. Weather of Sabha city the capital of west south of Libya

The weather parameter under this study which has significant effect on the performance of PV
solar cell efficiency is the increase in ambient temperature above the standard condition. The
study of temperature variation in the south of Libya is significant, as it will help to understand
and assess the real climate of the area and its potential for successful adaptation policies. As
shown from the weather investigation in the area in summer months the temperature is allows
above 25C° which means that will have negative effect on the power produced by PV system.
Sabha is becoming the largest settlement in the Libyan Sahara, The city is an oasis city in south
western Libya, It was historically the capital of the Fezzan region with a hot desert climate
(Temehu, 2024, Koppen 2024). Summers are very hot, with temperatures reaching 40 -47°C
regularly (July & August); Winters are mild with a high diurnal temperature variation. There is
hardly any precipitation in the year with low (32%) humidity, and sunshine is abundant

throughout the year. Average monthly temperatures recorded during a year is shown in Fig (3).

45C/113F Climate chart - Sabha ~ 90mm/3.6in
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30C/86F - | sommi2 4in
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Fig (3) Temperature variation during the year in Sabha city (Climates 2024)
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The average temperatures which were recorded during 23 years summarized in table (1) indicated
that Sabha area is a hot climate during have of the year (summer months), at the same time the
observation shows a relatively high average sunshine hours per year table (2). The 9 hours
sunshine is relatively high and good for solar radiation captures (Climates 2024). For the PV solar
energy investigation, the day temperature and the sunshine hours are a valuable data, even-though
the recorded summer day temperatures in Sabha are relatively high and has pad influence on the
performance of the PV systems, the long sunshine hours can compensate for the losses resulting

from the high temperatures.

Table (1) Sabha - Average temperatures (1991-2014) (Climates 2024)

Mean (°C) fax (°C) Min (°C)
12.7 19.1 6.3
14.6 21.4 7.9
19.8 27 12.5
24.5 31.7 17.2
28.9 36.2 21.6
31.9 394 24.5
31.7 38.8 24.6
31.6 38.6 24.6
30.9 38 23.8
25.8 32.7 19
19.1 26.1 12.2
13.7 20.4 7.1

23.75 30.8 16.8

Table (2) average hours of sunshine per day in Sabha city. (Climates 2024)

Month Total rage per day
January 260 8.5
February 250 9
March 270 8.5
April 275
May 305 10
June 340 11.5
July 375 12
August 360 11.5
September 295 10
October 285
November 260 8.5
December 250 8
Year 3525 9.7
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3. Performance of The PV solar Systems

Photovoltaic system performance is a function of the climatic conditions, the equipment used and
the system configuration. PV performance can be measured as the ratio of actual solar PV system
output vs expected values, the measurement being essential for proper solar PV facility's operation
and maintenance. Only 10-22% of the sun radiation received by PV can be transformed into
electricity, a part of it is reflected and the main share is absorbed as heat by the module (Wang F.
et al. 2023:423). As the temperature of a PV panel increases above 25°C (77°F), its performance
(efficiency) tends to decrease due to the temperature coefficient. The coefficient measures how

much the output power decreases for every degree Celsius above a reference temperature (usually
25°C) (Dubey S. et al. 2013:311-321).

3.1 Temperature Effects on PV Solar System Performance

Understanding how temperature affects photovoltaic systems is crucial not only in efficient
energy production but also in the financial modeling of the systems. The performance of
photovoltaic systems is influenced by the instantaneous power-voltage and current-voltage
characteristics of the solar cell, the relationship between the PV module voltage and power at
different solar irradiance levels is shown in Fig. (4). We can see that the power decreases as
temperature increases, as illustrated by lower power peaks on the curves.

2%C
25C
Sl ]

— 5| LG=1000 Wim2

10
Voltage [V]

Fig(4): The effect of Temperature on I-V curve (Mohamed A. 2023)

Effects of temperature on the output characteristics of the solar cells have been studied by many
researchers (21-25 Wysocki, J.J. et al. 1960:571-588, Luft, W., 1965:21-40, Bhaumik B. et
al.1976:257-268, Burgess, E.L.et al.1977:433-438, Agarwal S.K. et al. 1980:1021-1028).
However, the results of these early investigations and those of the later authors (26-35 Agarwal
S.K. et al. 1980:1021, Karazhanov, S.Z., 2000:149, Green, M.A.,2003:333, Radziemska, E.,
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2003:127, Radziemska, E., 2003:1-12, Sabry, M. et al. 2007:331, Singh, P., et al. 2008:1611,
Singh, P., et al.2010:36, Dubey, S. et al. 2013:311, Chander, S. et al. 2015:104, Karki, 1.B.
2015:35) have not always been consistent with each other. For example, temperature dependency
of full-spectrum photovoltaic parameters for polycrystalline PV module was studied
experimentally by Karki ( Karki, 1.B. 2015:35). In this study, the measurements were performed
under outdoor environment conditions. This study shows that unlike the situation for conventional
PV devices, these cells actually exhibit decrease in efficiency with increasing temperature
(reaching a value of 0.05 % at 60°C). Whereas Siamak Azimi et al. (Azimi S. et al.2017:41) shows
different variations in the open circuit voltage with temperature change as represented in Fig. (5).
These variations are found to be linear with temperature: in this case, about 3 mV/°C reduction in
the open circuit voltage can be observed with the temperature rise. An increase of about 0.6 mA
in the short circuit current density for 27 to 80°C temperature increase can be observed in Fig.

(6). These changes in the Isc are found to be linear with temperature. (Azimi S. et al.2017:41).
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Fig. (5) Variations of the open circuit voltage at different temperatures [Karki, 1.B. 2015:35]
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Fig. (6) The short circuit current density variations at different temperatures [Karki, 1.B. 2015:35]
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The temperature performance of crystalline silicon solar cells was studied because c-Si solar cells
most promising substance in the field of photovoltaic application, specially used for the solar cell
among low cost and a large area (Carlson D. E.2003:627, Fthenakis V. 2012:202). In photovoltaic
industry different materials are used in which silicon most popular candidate due to its easily
availability. All the reviewed articles shows that the most important parameter of silicon solar
cell efficiency is the open circuit voltage (Voc). For Temperature range 20 to 80 thickness

=100um, the Voc decreases as temperature increased as shown in table (3) (Javed A.2018).

Table (3) Open circuit voltage verse Temperature (Javed A.2018)

T(°C) Vsc(mv)
20 663.9
25 654.9
30 645.4
35 635.7
40 625.9
45 615.9
50 606.0
55 595.9
60 585.8
65 575.7
70 565.6
75 555.4
80 545.2

As well as the performance of a solar cell can be represented using non-dimensional electrical
parameters such as the fill factor (FF), the rated power, the short-circuit current at standard test
conditions (Honsberg C. et al.2024). The fill factor decreases with the increase of temperature;
this means that the performance of a solar cell decreases as temperature increases. Essentially,
the performance of a PV device can be expressed as the product of two variables: the maximum
power point (with its corresponding voltage and current) and the fill factor. Therefore,

deteriorations of one of these variables may affect the performance of the whole system.

3.2. Temperature-related degradation of PV solar panels

Understanding the modes and methodologies of degradation is critical to certifying PV module
lifetimes of 25 years. Both technological and environmental conditions affect the PV module
degradation rate. As shown by the study done by Doaa M. Atia, et al. (Atia D. M. et al.

2023:130606), the results demonstrate that the modules’ maximum power (Pmax) has decreased
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in an average manner by 23.3% over time. The degradation rates of short-circuit current (Isc) and
maximum current (Im) are 12.16% and 7.2%, respectively. The open-circuit voltage (\Voc),
maximum voltage (Vm), and fill factor (FF) degradation rates are 28%, 12.16%, and 15.3%,
respectively. The overall performance ratio obtained for the PV system is 85.9%. High
temperature is a major cause of PV degradation. When a solar panel is exposed to high
temperatures, it can cause several forms of damage that reduce the panel’s efficiency and overall

performance (Kyranaki N. et al.2022:1061).

4. Mitigation Strategies for Temperature Effects

To mitigate the impact of temperature on PV cell efficiency, various cooling techniques can be
employed, such as active cooling systems, passive heat sinks. Proper system design and
installation considerations are crucial to ensure that PV cells operate within their optimal
temperature range as much as possible. Implementing effective cooling techniques is crucial for
mitigating temperature effects and enhancing the efficiency of photovoltaic (PV) systems. The
mitigation strategies for temperature effects on PV solar systems have been searched
theoretically, analytically, and experimentally over the previous years. These strategies can be
strongly categorized into active and passive cooling techniques (Santamouris M.et al. 2017:14,
Diaz-Lopez et al. 2022:221).

The well-known chart of best research-cell efficiencies regularly issued by the National
Renewable Energy Laboratory illustrates decades of research and engineering for designing solar
cells with ever growing performances (Martinez, J. F.et al.2022) In that chart, efficiencies are
rated in the so-called Standard Test Conditions (STC), i.e. for the one Sun (AML1.5) illumination
and a cell at a temperature of 25 °C. Unfortunately, STC are rarely met in the field and most solar
photovoltaic installations are operating at temperatures greater than 25 °C. More importantly, the
efficiency of the vast majority of photovoltaic converters drops when temperature increases, with
a rate commonly comprised between —0.1 and —0.5% K~ !(Dupré, O. et al. 2017:84). Because of
the substantial effect of these thermal losses on the energy yield (Hegedus S.2013:218). and
production potential in the world ( Kawajiri K. et al. 2011:9030), there is an imperative need for
mitigating them. Three strategies are available (Olivier D. et al. 2018:2). (Fig. 7). The first option
(S1) is to maximize cooling, by conduction/convection with a colder medium, and by radiation
towards the surroundings and the cold outer space under clear sky conditions. The second option
(S2) is to minimize the thermal load (internal heat source, Q) in the panel. The aim of these first

two strategies is to prevent the panel temperature (T) from rising too far above the outdoor
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temperature (Too). The last option (S3) is to minimize the thermal sensitivity (temperature
coefficient BP) of the electrical power output (P). Efficiency of these three strategies depends
primarily on environmental conditions (Figs 7 and 8) and design. (Olivier D. et al. 2018:2)
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Fig.(7 ) The three strategies for mitigating the thermal losses: (S1) maximizing cooling, (S2) minimizing thermal
load, (S3) minimizing thermal sensitivity.(Dupré, O. et al. 2017 Olivier D. et al. 2018:2).
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Fig.(8) Normalized AM1.5 solar spectrum, high and low resolution clear sky normal (6 = 0) atmospheric
transmissivity, normalized blackbody intensity at 25 °C, solar panel sup-bandgap reflectance (RsupBG, A <ABG),
model gray sub-bandgap reflectance (RsubBG, ABG <A <4um) and emittance (E, 4 pm <A <22 um).(Olivier D. et

al. 2018:2)

Environmental conditions are solar irradiation flux (¢gsu»), outdoor temperature, wind velocity, and
clear sky atmospheric transmissivity (Zamos), which depend on where the solar photovoltaic panels
are installed. Unfortunately, these conditions can rarely be manipulated to improve the efficiency

of the solar PV systems. However, in terms of design, several opportunities for mitigating the
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thermal losses exist. The use of passive cooling system based on heat sinks with fins could provide
a potential solution to increase performance and prevent overheating of photovoltaic (PV) panel
systems. The decrease in temperature and the increase in efficiency were 10.2 °C and 2.74%,
respectively (Zainal Arifin et al.2020)

4.1. Cooling techniques for PV modules

Cooling of PV panels is used to reduce the negative impact of the decrease in power output of PV
panels as their operating temperature increases. Developing a suitable cooling system
compensates for the decrease in power output and increases operational reliability. Different
divisions of PV panel heat removal techniques can be found in the literature. Depending on the
working medium, one can distinguish cooling through water, air or hybrid cooling consisting of,
e.g. phase change material, heat pipes, microchannels, nanofluids or thermoelectric elements,
which in various combinations yield higher efficiency (Grubigi¢-Cabo et al. 2017). In the
literature, many cooling techniques are demonstrated with their different methods, the first
technique is using passive and active cooling methods of water, the second cooling technique is
the use of free and forced convection of air, the third cooling technique is the use of phase-change
materials (PCM) to absorb the excess of heat produced by the PV panel (Tarek Ibrahim et al.
2024:713). Water is the most coolant used for PV panels excess heat removal. Regardless of the
cooling system size or the water temperature, this method of cooling always improves the
electrical efficiency of PV modules. The operating principle of this cooling type is based on water
use, the water cooling includes free convection, water spray, heat pipes or immersion technigues.
A schematic water-cooling system is shown in Figure 9. Collected heat from PV panels can be

used in many ways.

solar irradiance

‘ e - sl - \

water flow

Fig. (9) schematic of water — flow cooling method. (Kozak-J. E. et al. 2023:52)
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A proposed a solution where water is sprayed on the surface of the panels was discussed by Kozak
et al. This system provides cooling by spraying water onto the PV panel's reverse and returning
the water to the tank. The recycled water is collected in a U-shaped borehole heat exchanger
(UBHE), installed in an existing well to enhance the cooling capacity. The water exchanges heat
with shallow-geothermal energy. Finally, the panel is again sprayed with water to cool it. The
water in this cooling system first cooled the PV panel, then the shallow geothermal energy
through, the UBHE, was used to cool the cooling water and maintain the cooling system's cooling
capacity. Experimental results showed that the proposed solution allows a 14.3% improvement
in efficiency (Kozak-J. E. et al. 2023:52).

Irwan et al., carried an indoor experiment in order to investigate the effect of water flowing at the
surface in cooling the PV panel. Results showed that a decrease in PV temperature by 5-23 -C
increases the output power of the PV panel by 9-22%. (Irwan, Y. et al.2015:604). On the other
hand, Moradgholi et al. experimentally investigated the effect of heat pipes in cooling PV panels,
and the module used in his experimental study is represented in Figure 10. Results showed an
increase of 5.67% in power when using methanol as a working fluid in spring and an increase of

7.7% in power when using acetone as a working fluid in summer (Moradgholi, M et al. 2014:82).

Water out

Two-phase
closed
thermos yphons!

PV panel

Fig.(10) Heat pipes module (Tarek Ibrahim et al. 2024:10)

Moreover, Sandeep Koundinya et al. investigated experimentally and by simulation the effect of
a finned heat pipe with water as the working fluid in cooling photovoltaic panels. Results showed
a total decrease of 13.8 K in PV panel temperature (Koundinya S. et al. 2017:2693) and good

agreement was found between experimental and computational studies.
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The air-cooling method for PV refers to the technique of dissipating heat from PV modules by
circulating air around them. It can be implemented in free or forced convection, using heat sinks,
fans, or blowers to increase airflow. As shown in Fig. (11), natural convection occurs by the
means of circulation and heat exchange between hot and cold fluids, this circulation is caused by
the buoyancy effect. When the PV panel becomes hot, it warms up the layer of air surrounding it,
thus the temperature of air increases, and the density decreases accordingly. Consequently, hot
air rises, causing a movement called a natural convection current. The most common design
includes fins, thin aluminum sheets or similar at the bottom of the module, which is responsible
for increasing the air ducts radiative and convective heat transfer surface, causing turbulence, and
acting as a heat sink. Cuce et al. conducted a study on the effect of passive cooling on the
performance of photovoltaic cells, where an aluminum heat sink was used to dissipate excess
heat, the results have shown that the proposed cooling technique increases energy conversion
efficiency, exergy and cell power at the level of 20% at irradiance equal to 800 W/m?

(Cuce, E. et al. 2011;299)

v \ntumlAu /vv
{—\ / Circulation \

Standard PV

PV with heat sink

Fig. (11) PV panel under free convection with or without a heat sink. (Tarek Ibrahim et al. 2024:7)

Phase-change materials (PCMs) are substances used in cooling systems for photovoltaic modules
to absorb and store heat from the panels during peak sunlight hours. PCMs have a high latent heat
of fusion, which means they can absorb large amounts of heat without a significant increase in
temperature. Phase change materials (PCMs) are chemical compounds with a high latent heat
value, ranging from 100 - 280 kJ/kg, depending on the nature of the material (Musial, M. et al.
2017:15). PCMs are characterized by their ability to retain thermal energy and allow for
temperature stabilization. These substances are readily used to remove excess heat from PV

installations due to their ability to absorb and store large amounts of energy. PCMs can be

South Libya High Temperature Impact... 206



I sl - bl alaal) 6 S - A gidal) daalall dialal) dlaall
22025 4 Scientific Journal of Open University - Benghazi

integrated into PV panels, or used in a separate thermal management system to enhance the overall

efficiency and lifetime of the PV system Fig. (12).

—
Heat Flow into the PCM Heat Flows out of the PCM
during peak sun hours during low sun hours

Fig. (12) typical PV-PCM system (Tarek Ibrahim et al. 2024:13)

The use of phase change materials placed in the back of PV panels is described, among others, in
the paper Hamdan et al. A PCM with a melting point close to the panels standard test condition
(STC) temperature was chosen as the cooling material. A PV system consisting of two identical
PV panels was studied. The PCM was integrated on the back side of one panel, while the other
was kept as standard for comparison purposes. Tests carried out for 28 days showed an increase
in power yield of 2.6% compared to non-cooled panels (Hamdan, M. et al. 2018:167). As well as
the use of PCM was studded by many auteurs, The literature review has shown that both active
and passive cooling methods contribute to reducing the rate of panel temperature rise over time
and maintaining panel temperatures within the nominal operating range specified by the
manufacturer (Arici, M. et al. 2018:738). In order to achieve the best energy output ratio, during
the high-temperatures of the year in South Libya, a detailed investigation of a PV solar system

design and parameters is essential (Almaktar M. et al. 2021:279).

5. Impact of temperature on system economics

The efficiency of a PV cell, which is the ratio of electrical energy output to the energy input from
sunlight, depends on various factors, including the semiconductor material, cell design, and
operating conditions such as temperature. Consequently, the overall efficiency of the PV cell
decreases as the temperature rises. This temperature-induced efficiency loss is a fundamental
characteristic of PV cells and is a crucial consideration in the design and operation of photovoltaic
systems. For every degree Celsius above the optimal temperature, the efficiency of a typical
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crystalline silicon PV cell can decrease by approximately 0.4% to 0.5% (Radziemska, E.,
2003:127). This means that at 25°C above the ideal operating temperature, the cell’s efficiency
could drop by 10-12.5%. It’s important to note that the specific temperature coefficients and
efficiency losses can vary depending on the type of PV cell technology and the materials used.
From an environmental perspective, reduced efficiency means that more PV panels are required
to generate the same amount of electricity, leading to increased resource consumption, energy
use, and greenhouse gas emissions during the manufacturing and installation processes.
Additionally, inefficient PV systems may have a longer energy payback time, which is the time
it takes for the system to generate the same amount of energy that was used in its production and
installation. This can negate some of the environmental benefits of solar energy.

Economically, efficiency losses due to temperature translate into lower energy yields and reduced
financial returns for PV system owners and operators. This can impact the cost-effectiveness and
profitability of solar energy projects, particularly in regions with high ambient temperatures or
inadequate cooling systems. Furthermore, the need for active cooling or temperature management
strategies to maintain optimal efficiency can increase the operational costs of PV systems (Sharaf
M. et al. 2022:26131). These additional costs must be weighed against the potential energy yield
gains to ensure the overall economic viability of the project.

To address these environmental and economic concerns, ongoing research and development
efforts are focused on improving the temperature tolerance of PV cells and modules, as well as
developing more efficient and cost-effective cooling technologies. Additionally, careful site
selection and system design considerations, taking into account local temperature conditions, can
help mitigate the impact of temperature-related efficiency losses. Understanding the economics
of PV systems is one of the most significant considerations when deciding on solar energy. The
term that is commonly used when discussing renewable energy sources is called “grid parity”.
Grid parity is achieved when the cost of energy generated per KWh (kilowatt-hour) is less or equal
to grid tariff (Temitope M. et al. 2023:9) Levelized cost of energy (LCOE) is a metric used to
evaluate and compare the cost-effectiveness of various sources of energy (CFI team 2024) LCOE
can be determined by dividing the lifetime generation cost with lifetime energy generation. The
lifetime generation cost is calculated, taking into account the project's capital cost and its annual
operation and maintenance cost. The project's capital cost comprises the module cost, inverter

cost, and balance of the system, such as cables, meters, etc.
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6. Conclusion
It was shown that as the ambient temperature increases, characteristic changes occur, resulting in

a reduction of the current/voltage output and performance of the photovoltaic system. On the
contrary, next to the negative effects of temperature, they can also have a positive impact on the
performance of the photovoltaic systems due to high temperature coefficients of the photovoltaic
cells or the semiconductor material used.

With the growing number of installed photovoltaic systems, the research in this field is continually
being expanded to ensure best performance and to compensate for existing deficiencies. Most
breakthroughs in this field are focused on the design and implementation of new photovoltaic
materials with optimal absorption coefficients, in collecting electrical charges, in configuring
modules or determining energy performance, and in extending potential applications.

From a system aspect, higher temperatures not only reduce power efficiency but also decrease the
lifetime of the system, which needs special concern. An in-depth study of temperature effects on
photovoltaic/thermal systems is thus needed in order to achieve better energy efficiency. The
investigation of temperature effects on performance efficiency of photovoltaic systems must
continue in order to significantly decrease the negative effects of the increased temperature on the
performances of the photovoltaic systems. it can be said that photovoltaic cell temperature does
greatly affect the performance of photovoltaic systems. Since integrated cooling and
photovoltaics are still in their infancy, a lot of further work needs to be done in order to minimize
the effect of temperature. Furthermore, further investigation on the effect of other parameters like
wind speed, relative humidity, solar radiation, and dust on the PV solar systems should be studied
in depth.

Since the southern regions of Libya are characterized by temperatures higher than STC of the PV
cells, the establishment of photovoltaic stations requires the use of temperature reduction
techniques to maintain the highest production rates. Noting the availability of groundwater,
cooling using water may be an effective means of cooling and removing dust accumulation, as
well as with the selection of panels suitable for the weather in the region, we can increase the
efficiency and maintain the highest production rates and extend the life time of the systems by
minimize degradation of the panels. Even-though the recorded summer day temperatures in Sabha
are relatively high and has pad influence on the performance of the PV systems, the long sunshine
hours can compensate for the losses resulting from the high temperatures. Despite the high level
of the sun shine hours and the high solar irradiance, and despite the availability of land areas (at

low costs) to construct a large PV solar stations, a group of environmental factors such as high
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temperature, dust and dry winds must be taken into consideration and migrates its effect by means
of reducing the high temperature, dust cleaning and wind controlling to minimize Its negative

impact on the efficiency of solar panels and thus on the system's production yield in general.
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Abstract:

The establishment of a large number of urban drainage collection and treatment systems for the
purpose of protecting public health and the environment and reusing the treated water to be a
supplementary and sustainable water source has accompanied the urban growth processes in the
Libyan regions during the past five decades. The urban wastewater treatment techniques as well
as the performance levels of these systems varied greatly, but they all deteriorated and stopped
completely after a short period of operation.

This paper aims to apply a wastewater treatment system in effective natural ways that do not rely
much on technical skills to operate it in a manner that is characterized by simplicity of operation
and maintenance. This system of treatment is known as the system of treatment by stabilization
ponds (WSP). The stabilization pond treatment system is a natural and sustainable method for
wastewater treatment that can be effective in arid and semi-arid regions. This system involves the
use of ponds to treat wastewater through a combination of physical, chemical, and biological
processes. The wastewater is first treated in anaerobic ponds, where microorganisms break down
the organic matter in the absence of oxygen. Then, the wastewater is transferred to facultative
ponds, where aerobic and anaerobic microorganisms further break down the remaining organic
matter. Finally, the wastewater is treated in maturation ponds, where algae and other
microorganisms remove the remaining nutrients. This system is low-cost and requires minimal
energy inputs, making it an attractive option for areas with limited resources «the application of
this system in arid and semi-arid regions can help to address the challenges of water scarcity and
wastewater management. Information was collect about the design of the treatment plant for

Sebha city, which included the current and future population census of the city of Sebha, in
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addition to collecting wastewater samples to identify the characteristics of the existing
wastewater.

Keywords: extension, maturation ponds, medullisation, waste stabilization ponds, wastewater.
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Introduction:

The most effective wastewater treatment method is one that produces effluent meeting

recommended microbiological and chemical quality guidelines while keeping costs low and
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minimizing operational and maintenance requirements (Arar, 1988). In developing countries,
adopting a lower level of treatment is particularly desirable not only due to cost concerns but also
because of the challenges of reliably operating complex systems. In many cases, it may be better
to design the reuse system to accept lower-quality effluent rather than depend on advanced

treatment processes that aim to continuously meet stringent quality standards.

1.1 Waste Stabilization Ponds (WSP):

Waste Stabilization Ponds (WSP) are now considered the method of choice for wastewater
treatment in many parts of the world. For example, in Europe, WSP are widely used in small rural
communities (serving populations of approximately up to 2,000, though larger systems exist in
Mediterranean countries like France, Spain, and Portugal) (Boutin et al., 1987; Bucksteeg, 1987).
In the United States, one-third of all wastewater treatment plants are WSP, typically serving
populations of up to 5,000 people (EPA, 1983). In warmer climates such as the Middle East,
Africa, Asia, and Latin America WSP are commonly used to treat wastewater for large
populations, sometimes reaching up to 1 million people. In developing countries, particularly in
tropical and equatorial regions, WSP systems are considered an ideal method that utilizes natural
processes to improve sewage effluents.

1.2 Waste Stabilization Pond Systems:

Waste stabilization pond systems are designed to achieve different levels of treatment across up
to three stages in series, depending on the organic strength of the wastewater and the effluent
quality objectives. For ease of maintenance and flexibility in operation, most designs incorporate
at least two parallel trains of ponds. Strong wastewater, with BODS5 concentrations exceeding 300
mg/l, is typically introduced into anaerobic ponds in the first stage, where a high volumetric
removal rate is achieved (Mara, 2004). Weaker wastewater or stronger wastewater (with BOD5
up to 1000 mg/l), where anaerobic ponds are environmentally unacceptable, may be discharged
directly into primary facultative ponds. Effluent from first-stage anaerobic ponds flows into
secondary facultative ponds, which comprise the second stage of biological treatment. If further
pathogen reduction is necessary after facultative ponds, maturation ponds are introduced to
provide tertiary treatment (Mara & Pearson, 1998). Common pond system configurations are

illustrated in Figure 1, though alternative combinations may also be used.
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Figure (1): Stabilization Pond configuration: AN = anaerobic pond; F = facultative pond; M = maturation pond

Table 1 provides a comparison of the advantages and disadvantages of ponds with those of
high-rate and low-rate biological wastewater treatment processes (note that Aerated Lagoon
and WSP system are considered low-rate biological wastewater treatment processes).
Stabilization ponds are the preferred wastewater treatment process in developing countries,

where land is often available at reasonable opportunity cost and skilled labor is in short supply.

Table (1): Advantages and disadvantages of various sewage treatment systems (Arthur 1983)

Packag | Activate . . ... | Aerated [ WSP
N Biologic | Oxidatio T
Criteria € d Sludge . . Lagoon | sysie
al Filter n ditch
Plant Plant S m
BOD Fair Fair Fair Good Good Good
removal
Plant S8 removal Fair Good Good Good Fair Fair
an FC remaoval Poor Poor Poor Fair Good Good
performanc Helminth
e Poor Fair Poor Fair Fair Good
removal
Virus Poor Fair Poor Fair Good Good
removal
Constructio
n simplicity | Poor Poor Poor Fair Fair Good
& cost
Land
requiremen | Good Good Good Good Fair Poor
t
. Operational i . .
Economic d .. Poor Poor Fair Fair Poor Good
. simplicity
factors Maintenanc
Poor Poor Fair Poor Poor Good
¢ COsts
[:Energy Poor Foor Fair Poor Poor | Good
emand
Slhudge
removal Poor Fair Fair Poor Fair Good
costs

BOD: Biological Oxygen Demand, FC: Faecal Coliform, SS: Suspended Solids, WSP: Wastewater Stabilization Ponds.
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1.3 Types and Functions of Waste Stabilization Ponds:
Waste Stabilization Ponds (WSP) are classified based on the type of biological activity
that takes place within them. There are three main types of ponds: anaerobic ponds,
facultative ponds, and maturation ponds. Typically, a WSP system consists of a series of
these ponds, either in a single sequence or in several parallel series. Before wastewater
enters the pond system, it goes through preliminary treatment processes such as coarse
screening, grit removal, and sometimes the shredding of large objects (Mara, 2004).

I. Anaerobic Ponds: Anaerobic ponds are deep ponds that treat wastewater by excluding
oxygen, which promotes the growth of bacteria that break down organic matter in the
absence of oxygen. These ponds function much like uncovered septic tanks. Anaerobic
bacteria decompose the organic matter in the wastewater, producing gases such as
methane and carbon dioxide as by-products (Pearson et al., 2009). Sludge settles at the

bottom of the pond, while a crust forms on the surface, as shown in Fig. (2).

- Effluent
. Higer quality 70% less BOD
|—\
Influent Pipe N - | = -
With High BOD Gases /
\ Cot e e Overflow pine

\ Methan & Ammonia To aerobic pond
Bottom Sludge _/%", /

Sokids
Some Organic N and P

Figure (2): Operation of the Anaerobic Pond.

Anaerobic ponds are typically between 2 to 5 meters deep and handle a very high
organic load, often exceeding 100 g of BOD per cubic meter (which is roughly equivalent
to more than 3000 kg per hectare per day for a pond depth of 3 meters). Due to the high
organic content relative to the limited oxygen available, these ponds maintain anaerobic
(oxygen-free) conditions all the way to the surface. Interestingly, anaerobic ponds do not
support algae growth, although you might sometimes notice a thin film of algae,
primarily of the Chlamydomonas species, on the surface. These ponds perform
particularly well in warm climates, achieving a Biological Oxygen Demand (BOD)
removal efficiency of 60% to 85%. They also have relatively short retention times; for
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wastewater with a BOD of up to 300 mg/I, just one day of retention

temperatures are above 20°C (Mara, 2004; Pearson et al., 2009).

is sufficient when

facultative ponds and secondary facultative ponds: Primary facultative ponds
receive raw wastewater, while secondary facultative ponds treat settled wastewater,
typically the effluent from anaerobic ponds. These ponds are designed for BOD
removal, using a lower surface loading (between 100 and 400 kg of BOD per hectare
per day) at temperatures between 20°C and 25°C. The oxygen needed for the
breakdown of organic matter by bacteria is primarily supplied through photosynthesis
by algae. Because of the algae, facultative ponds are usually a dark green color,
although they can occasionally appear red or pink, particularly when slightly
overloaded. This color change is due to the presence of anaerobic, sulfur-oxidizing
photosynthetic bacteria. The algae species that dominate in facultative ponds are
generally motile, such as Chlamydomonas, Pyrobotrys, and Euglena, as their mobility
allows them to adjust their position in the water column to optimize light and
temperature conditions. Non-motile algae like Chlorella are also found in facultative
ponds but are less dominant. In a healthy facultative pond, the concentration of algae
typically ranges from 500 to 2000 micrograms of chlorophyll-a per liter, depending
on the pond’s organic load and temperature (Mara, 2004; Pearson et al., 2009).
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Figure (3): Schematic representation of Facultative Ponds
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I1l.  Maturation or Polishing Ponds: Maturation ponds are placed after facultative ponds
for the purpose of pathogen reduction (Figure 4). These are usually 0.5-1.5 m deep with
a retention time of between 15 and 20 days. These ponds serve to inactivate pathogenic
bacteria and viruses through the action of UV radiation from sunlight and the greater
algal activity in these shallow ponds, which raises the pH above 8.5. (pH is a measure of
acidity and alkalinity. It has a scale from 0-14: pH 7 is neutral, less than 7 is acid and
more than 7 is alkaline.) The long retention time in the maturation ponds also enhances
the sedimentation of the eggs of intestinal parasitic worms. Pena and Mara (2004)
indicated that maturation ponds receive the effluent from the facultative ponds and their

size and number depends on the required bacteriological quality of the final effluent.
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Figure (4): Maturation or Polishing Ponds.

2. Stabilization ponds are used to treat water in dry places like deserts and grasslands:
Stabilization ponds, commonly known as wastewater treatment lagoons, are vital for the
treatment of waste in arid and semi-arid regions where water is scarce. The water in these ponds
can use natural processes to remove contaminants through physical, biological and chemical
treatment. (Mara, WHO 2004). In regions where water is limited, stabilization ponds are a form
of low-cost, low-maintenance and environmentally friendly wastewater treatment. In these
regions, wastewater disposal can be a significant challenge. However, stabilization ponds can
provide an effective and viable solution. These systems use the high temperatures and sunlight
common in dry regions that speed up the biological processes which degrade contaminants (WSP,

2007). Usually, in stabilization pond treatment systems, there are a series of ponds each having a
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specific purpose. The first pond is a primary settling pond where solids settle on the bottom. The
facultative pond is the second pond that produces anaerobic and aerobic conditions for biological
treatment. The maturation pond is the last pond. Algal growth takes place in maturation pond
which absorbs excess nutrients and releases oxygen. Further treatment of wastewater is improved
(Pearson et al., 2009). Use a wastewater treatment plant simulation for your thesis project. The
treated effluent gets chlorinated or exposed to ultraviolet rays before it is released into the
environment. This treated wastewater can then be recycled to irrigation and similar uses (non-
potable uses) to conserve freshwater in the challenging conditions (Mara, 2004).0One of the
significant advantages of stabilization ponds is their low cost. They are relatively inexpensive to
construct and maintain compared to more complex wastewater treatment options, such as
activated sludge systems. Moreover, stabilization ponds require minimal energy input, as the
natural biological processes generate the energy needed for treatment. This makes them
particularly appealing for developing countries and rural communities, where financial resources
may be limited (WSP, 2007). Overall, stabilization ponds represent an effective and sustainable
method of wastewater treatment in arid and semi-arid regions. They not only provide a low-cost
and low-maintenance solution for treating wastewater but also play a crucial role in conserving

water resources for future generations (Pearson et al., 2009).

2.1 Limitations and Challenges of Stabilization Ponds in Wastewater Treatment:

While stabilization ponds provide a range of benefits for wastewater treatment, it is essential
to recognize that they also come with certain disadvantages and limitations. One of the primary
challenges is their significant land requirement. In densely populated urban areas or regions where
land is scarce, finding enough space for these large ponds can be a substantial hurdle (Mara,
2004). Moreover, stabilization ponds thrive in warm, sunny climates with low rainfall, making
them less effective in colder regions or areas with high precipitation. In such climates, the
efficiency of the treatment process can be compromised (WSP, 2007). Another concern associated
with stabilization ponds is the potential for unpleasant odors that can arise from the decomposition
of organic matter. These odors can become a nuisance for nearby communities, affecting their
quality of life (Pearson et al., 2009). Additionally, although stabilization ponds are effective at
reducing organic matter and nutrients, they may not adequately remove pathogens, such as viruses
and bacteria, from the wastewater. This limitation raises concerns about the safety of the treated
effluent, especially if it is reused for irrigation or other purposes (Mara, 2004). The effluent
discharged from stabilization ponds is often rich in nutrients, which, if not properly managed, can
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contribute to eutrophication in receiving water bodies. This situation can lead to harmful algal
blooms and negatively impact aquatic ecosystems (Pearson et al.,, 2009). The treatment
performance of stabilization ponds can also vary due to factors such as temperature, sunlight
availability, and loading rates. This variability can result in inconsistent effluent quality, posing
challenges for compliance with environmental regulations (WSP, 2007). Furthermore, regular
maintenance is necessary for stabilization ponds, including tasks like sludge removal and
vegetation management. While essential for effective operation, these maintenance activities can
be labor-intensive and costly, potentially straining the resources of local communities (Mara,
2004). Overall, while stabilization ponds present a cost-effective and sustainable method for
wastewater treatment, addressing these limitations is crucial to ensure their successful
implementation and operation. By acknowledging and managing these challenges, communities
can better leverage the advantages of stabilization ponds while mitigating their drawbacks.

2.2 Alleviating Odor Problems in Stabilization Ponds:

The Oduor problems in stabilization ponds are more difficult, since they affect the quality of
life when affecting heap localities. Although, there are some tried and true methods that will help
you overcome these fears. Floating covers or impermeable liners can be put over the ponds as one
option. The gas capping stops gases releasing from the surface of the pond, which reduces odor
emissions that will make a better living condition for people reside in the surrounding area (Mara
2004). Another effective method is aeration, which involves introducing air into the ponds.
Aeration enhances the levels of dissolved oxygen thereby generating aerobic conditions which
can inhibit the anaerobic processes that result in foul odors. This technique not only enhances the
quality of water but also helps in maintaining a better ecosystem in the ponds (Pearson et al.,
2009). In addition to these techniques, planting vegetation cover around the ponds can achieve
several functions. For instance, it not only acts as a sponge absorbing the Oduors but also
functions to separate the ponds from neighboring populations and thus increases the beauty and
ecological value of the area (WSP, 2007). Odors can also be controlled with the aid of chemical
treatment. Careful manipulation of the concentrations of chlorine or hydrogen peroxide can
facilitate the oxidation of odorous compounds hence the stink is reduced. Another important
practice is the frequent removal of sludge. Cleansing of congested sludge from the ponds on a
regular basis reduces accumulation of the organic matter as well as odorous particles which
correspondingly influences the odor in the environment (Mara, 2004). The construction of buffer
zones around ponds and settlements is another method that can be used to enhance protection.
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These zones function as barriers to the movements of odorous agents enabling removal of the
Oduors before they reach the homes. There are two further important aspects, however, which are
odor diagnosis and odor emissions monitoring. Regular assessments allow for the identification
of potential odor issues, enabling prompt corrective actions to be taken before they become

significant problems (Pearson et al., 2009).

2.3 The last resort to minimize the odor from the stabilization pond:

In general, the available measures aimed at solving the odor problems in stabilization ponds,
can be quite different with regard to several conditions. Which include but are not limited to the
quantity and the quality of the odorous compounds, their distribution within the volume of the
pond, and the environmental aspects. In order to determine effective measures for the particular
stabilization pond, the first considerations should begin with certain steps. The first step is to
determine the areas of origin of the odors. Although, it may be in the need of doing a site survey
and conducting odor detection to establish the sources of the odor in and outside the pond space.
Following the studies by Mara (2004), for example, some specialists may have to take
measurements of the concentration of some odorous compounds in the atmosphere and water.
Next, the specific sources should be located, it should be remembered that some form of odor
control has already been attempted for some sources. The evaluation of the achieved results can
be carried out by the so-called before and after surveillance aimed at determining the changes in
odor emissions after the application of these methods (Pearson et al., 2009). The next stage now
targets the investigation of likely mitigation developments that are unique to the peculiar
conditions of your stabilization pond. This might involve sourcing for literature, expert opinion,
and case studies of other facilities that have undertaken and resolved similar odor problem issues
(WSP, 2007). Once the alternative suggested strategies have been established, the next step is to
perform a cost and a benefit analysis on their implementation. Assess the extent of the pond’s size
and design, resources in location, and the probable environmental nuisance. Such area of
deliberation would go a long way in ensuring that the selected alternative strategy will not only
succeed but also remain relevant and viable for a long period of time. After you have approved
the mitigation strategy, monitor its implementation on a regular basis. These types of monitoring
would include, but not be limited to, premise Oduor and water quality monitoring and
modification of the practice in line with the outcomes that will be recorded. One must remember
that stabilization pond odor mitigation is a multi-dimensional and continual task. Several

strategies are usually needed to achieve any satisfactory level of emissions reduction. Expert input
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of the highest regard and consistent evaluation will enhance the chances of suitable strategies
being applied and sustained over time.
2.3 Stabilization Pond Treatment Plant Requirements in Arid and Semi-Arid
Areas:
In dry and semi-arid areas, where water shortage is a major problem, stabilization ponds offer
a workable and sustainable wastewater treatment solution. Stabilization ponds' efficacy and
efficiency can provide much-needed relief in these situations where resources are scarce. A
number of important factors are taken into consideration when designing these systems. Climate
conditions are the most important factor to take into account. under many arid and semi-arid
regions, stabilization ponds flourish under warm, sunny conditions with little precipitation. To
guarantee that the ponds function at their best, it is crucial to comprehend the normal temperature
and sun radiation levels throughout the year (WSP, 2007).
Land accessibility is still another crucial factor. Because stabilizing ponds require a large amount
of land to construct, space may be limited in certain locations. Designers must consider both the
potential for future expansion and the existing land resources to ensure that the system can adapt
to changing requirements. The characteristics of the wastewater that needs to be treated are also
crucial during the design stage. A thorough assessment of elements such as the organic and
nutritional content is necessary to maximize the loading rates and retention periods in the ponds.
With this careful evaluation, the required treatment efficiency must be achieved while also
protecting the environment (Mara, 2004). Furthermore, the design of the ponds should Moreover,
the design of the ponds should account for specific site conditions, such as slope, soil type, and
groundwater table levels. Addressing these factors helps to ensure that the ponds function
effectively and efficiently. Additionally, it’s important to incorporate measures that address
potential odor issues, making the system more community-friendly (Pearson et al., 2009). Regular
evaluation of treatment performance is essential to the success of stabilization ponds. Monitoring
water quality parameters such as biological oxygen demand (BOD), chemical oxygen demand
(COD), total nitrogen, and total phosphorus provides valuable insights into the ponds’
effectiveness. These monitoring results should inform necessary adjustments to the design and
operation of the ponds, ensuring they remain effective over time. Maintenance requirements are
also a key consideration in the design phase. Regular removal of sludge and management of
vegetation are essential for the ponds' longevity and performance. Designers should ensure that
the ponds are easily accessible for maintenance and monitoring purposes. Finally, compliance

with local, state, and federal regulations is a fundamental aspect of the design process. Meeting
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these regulatory requirements not only ensures legal compliance but also promotes community

trust and environmental responsibility.

2.4 Analytical Methods for Monitoring Stabilization Ponds in Arid and Semi-Arid
Regions:

In arid and semi-arid regions, where water scarcity and limited resources can complicate
wastewater treatment processes, effective monitoring of stabilization ponds is crucial. Analytical
methods play a key role in assessing the performance of these systems, ensuring they function
optimally and contribute to environmental sustainability. One of the primary indicators of
treatment performance is Biological Oxygen Demand (BOD). This measurement reflects the
amount of oxygen consumed by microorganisms as they break down organic matter in
wastewater. A high BOD value indicates a substantial organic load, while a low value suggests
effective treatment. BOD can be measured using standard methods, such as the BODS5 test, which
assesses the oxygen demand over a five-day period (APHA, 2017). Another critical measure is
Chemical Oxygen Demand (COD), which evaluates the total oxygen required to chemically
oxidize organic matter in wastewater. COD serves as a broader indicator of organic load than
BOD and can highlight potential treatment deficiencies. Standard methods, such as the closed
reflux titrimetric method, are commonly employed for its measurement (Standard Methods,
2017). Total nitrogen and total phosphorus are also vital parameters to monitor, as their excess in
receiving water bodies can lead to eutrophication, causing harmful algal blooms and other
ecological disturbances. The Kjeldahl method is typically used for measuring nitrogen, while the
ascorbic acid method is frequently employed for phosphorus analysis (EPA, 2000). Additional
parameters such as pH, temperature, and dissolved oxygen significantly impact the treatment
efficiency of stabilization ponds. Regular pH measurements using a pH meter, along with
temperature readings from a thermometer and dissolved oxygen assessments from a dissolved
oxygen meter, are essential to ensure optimal conditions for biological processes (Wang et al.,
2020). Microbiological analysis offers further insights into the microbial communities within
stabilization ponds and the treatment processes taking place. Common microbiological methods
include heterotrophic plate counts, as well as tests for fecal coliforms and Escherichia coli, which

are critical for evaluating the effectiveness of pathogen removal (Baker et al., 2019).

2.5 Discussion on Stabilization Ponds in Arid and Semi-Arid Regions:
Stabilization ponds emerge as a promising solution for wastewater treatment in arid and semi-

arid regions, where water scarcity and limited resources often render other treatment methods less
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viable. Various studies highlight the effectiveness of these ponds in achieving high treatment
efficiencies for diverse wastewater types. For instance, research conducted in Saudi Arabia
explored the performance of a stabilization pond system designed to treat municipal wastewater
characterized by high salinity and low organic content. This study revealed that the system not
only effectively removed organic matter, nitrogen, and phosphorus but also significantly reduced
the salinity of the wastewater. Remarkably, it maintained stable treatment performance across
varying operating conditions, including fluctuations in temperature and hydraulic retention time
(Al-Gheethi et al., 2020). Such findings underscore the adaptability of stabilization ponds to
challenging conditions typical of arid environments. Similarly, a study in Tunisia assessed the
performance of stabilization ponds treating olive mill wastewater, known for its high organic
content and low pH. The results demonstrated that the system was capable of achieving high
removal efficiencies for organic matter, nitrogen, and phosphorus while also ameliorating the
acidity of the wastewater. Again, the study found that the system consistently performed well
under different loading rates and hydraulic retention times, reinforcing the reliability of
stabilization ponds in diverse operational contexts (Hamdi et al., 2021). Beyond their treatment
capabilities, stabilization ponds also offer cost-effectiveness and sustainability, especially in rural
areas. Research in Egypt compared stabilization ponds with other wastewater treatment
technologies and determined that they emerged as the most economical option for small-scale
applications. This study indicated that stabilization ponds require significantly less energy and
fewer resources than alternative treatment methods, marking them as a more sustainable choice

in water-scarce regions (Yasien et al., 2020).

2.6 . Improving the performance of stabilization ponds:

Improving the performance of stabilization ponds is vital to achieving high levels of treatment
efficiency while ensuring sustainability in wastewater management. One of the key aspects to
consider is the loading rate of the ponds. It is crucial to tailor the loading rates to the characteristics
of the wastewater and the specific treatment goals. When loading rates are too high, the treatment
efficiency can decline, but if they are set too low, the pond's capacity may not be fully utilized.
Therefore, regular monitoring becomes essential for adjusting these rates effectively (Bashir et
al., 2021).Another important factor is the hydraulic retention time (HRT), which refers to the
length of time that wastewater remains in the pond. Optimizing the HRT based on wastewater
characteristics can enhance treatment efficiency. While longer HRTs may improve performance,
they can also lead to increased land requirements and operating costs, necessitating a careful
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balance based on monitoring results (Ghosh & Prakash, 2020). Aeration is another technique that
can significantly enhance treatment efficiency. By providing necessary oxygen to the
microorganisms within the pond, aeration promotes aerobic conditions that facilitate the
breakdown of organic matter. The type and amount of aeration should be customized according
to the treatment goals and the specific characteristics of the wastewater (Patterson et al., 2019).

Maintaining the right pH level is also essential. The pH of the pond water should be kept within
a suitable range to support the growth of microorganisms responsible for effective wastewater
treatment (Hussain et al., 2020). Similarly, managing algae growth is crucial since excessive algae
can compete with beneficial microorganisms, ultimately reducing treatment efficiency.
Therefore, implementing strategies for algae control, such as shading or chemical treatments,
should be considered based on the unique conditions of each pond (Khan et al., 2018). Proper
sludge management cannot be overlooked, as accumulated sludge can decrease the effective
volume of the pond and hinder treatment performance. Regular removal of sludge is necessary to
maintain optimal conditions (Ghosh & Prakash, 2020). Additionally, controlling odors is
important to minimize their impact on surrounding communities. Measures for odor control, such
as covering the pond, applying chemicals, or planting vegetation, should be adapted to the specific
circumstances of the pond (Jenkins et al., 2019). By addressing and optimizing these factors,
stabilization ponds can achieve impressive treatment efficiencies while functioning sustainably.
Continuous monitoring and timely adjustments based on the monitoring results are crucial to

ensuring the long-term effectiveness of these systems (Mara & Horan, 2017).

2.7 Monitoring the performance of installation pools:

Monitoring the performance of stabilization ponds is a critical aspect of ensuring they operate
efficiently and effectively. The frequency of monitoring can vary based on several factors,
including the size and complexity of the pond, the characteristics of the wastewater being treated,
and the specific regulatory requirements that may apply. To maintain optimal performance, it is
advisable to establish a regular monitoring schedule. Water quality parameters such as Biological
Oxygen Demand (BOD), Chemical Oxygen Demand (COD), total nitrogen, and total phosphorus
are essential indicators of the pond's performance. These parameters should ideally be monitored
at least once a month, or even more frequently if there are concerns about the pond's efficiency.
Regular assessments of these indicators help in identifying potential issues before they escalate
(Khan et al., 2018). In addition to water quality, monitoring algae and other microorganisms is
crucial. Algae growth can significantly impact the treatment efficiency of stabilization ponds, so
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observing their levels at least monthly is recommended. Should any unusual spikes in algae
growth occur, more frequent monitoring may be necessary to implement effective control
measures (Hussain et al., 2020). Sludge accumulation within the pond is another important aspect
to consider. Regular observations should be conducted to assess the sludge levels, with removal
operations initiated once the accumulation reaches a certain threshold—typically between 30%
to 50% of the pond depth (Bashir et al., 2021). Moreover, monitoring for odor emissions is
essential for minimizing their impact on surrounding communities. Regular checks should be
performed, and odor control measures must be adjusted based on the findings to ensure that

residents are not adversely affected (Jenkins et al., 2019).

2.8 Common Problems and Solutions in Stabilization Ponds:

Stabilization ponds are often seen as a reliable solution for wastewater treatment, but they can
encounter several challenges that may affect their performance. One of the most common issues
is odor emissions. These unpleasant smells can be particularly distressing for nearby communities
and are typically caused by gases like hydrogen sulfide and ammonia or from the breakdown of
organic matter. To address this, several odor control measures can be employed. For instance,
covering the pond, using specific chemicals, or planting vegetation can significantly reduce the
unpleasant smells, making the area more tolerable for those living nearby (Jenkins, Richard, &
McKinney, 2019). Another frequent problem is excessive algae growth, which can lead to
competition with the microorganisms responsible for treating wastewater. High nutrient levels or
insufficient aeration often contribute to this overgrowth. It’s essential to implement effective
control strategies, such as shading the pond with trees, applying chemical treatments, or even
mechanical removal, to keep algae levels in check (Khan, Waseem, & Rahman, 2018). Sludge
accumulation is also a significant concern, as it can reduce the effective volume of the pond and
hinder treatment efficiency. To maintain optimal performance, regular sludge removal is crucial.
Moreover, the hydraulic retention time (HRT) of the pond is a critical factor that influences
treatment efficiency. Changes in flow rate or loading can lead to HRT issues, potentially resulting
in lower efficiency and increased operational costs. Monitoring and managing HRT is vital to
ensure a balanced operation of the pond.  pH levels are another critical aspect to consider. Both
high and low pH values can inhibit the growth of the microorganisms essential for effective
wastewater treatment. Fluctuations in influent pH or changes in the pond’s characteristics can
lead to pH-related issues (Hussain, Saleem, & Usman, 2020). Additionally, poor water quality

may arise from excessive organic matter and inadequate aeration, affecting treatment efficiency
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and possibly causing environmental harm. To effectively tackle these challenges, stabilization
ponds require regular monitoring and maintenance. Routine checks on water quality parameters,
algae levels, sludge accumulation, and odor emissions are essential for identifying potential
problems early. Generally, it’s advisable to conduct these assessments at least once a month and
make necessary adjustments based on specific conditions and regulatory requirements. When it
comes to controlling algae growth, a combination of physical, chemical, and biological methods
can be effective. For example, shading the pond can limit sunlight, thereby slowing algae growth.
Aeration can boost dissolved oxygen levels, promoting the growth of beneficial microorganisms
that compete with algae for nutrients. Chemical treatments, such as copper sulfate, may also help
manage algae, although they can have side effects on other pond inhabitants (Khan et al., 2018).
Biological methods, such as introducing organisms that compete with algae, and mechanical
removal techniques can also be useful. Stabilization ponds may host various types of algae,
including green algae, blue-green algae (cyanobacteria), diatoms, euglenoids, and dinoflagellates.
The specific types present often depend on nutrient levels and environmental conditions.
Therefore, monitoring and identifying the dominant algae species is crucial for developing
effective control strategies and ensuring the pond’s overall health (Khan et al., 2018). Managing
algae brings about several benefits, such as improved treatment performance and reduced odors.
However, it’s important to recognize that controlling algae can lead to changes in water quality,
which may impact the pond and its surrounding environment. Careful consideration is essential

when selecting control methods, as some may harm other organisms (Hussain et al., 2020).

3. METHODS:

Estimation of the design population and the wastewater flow:

Design population: Using the following for forecasting future population for the city of Sebha:

Pn=Po(1+r)
Where, Pn = population (predicted) after 'n' number of decades,
Po = last known population
r = the rate of population growth.
n = number of decades between Po and Pn.
Influent wastewater flow: The flow was estimated as follows:
Q= 103 K qPa+1+E
Where, Q= Design flow within the treatment system (m3/d).
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K = liquid effluent access factor to the treatment system (0.8 - 0.9).

g = average per capita water consumption (100-300 litters /person /day).
P4 = Design Population.

| = Groundwater filtration income for piping system (m3/day).

E = Industrial wastewater flow (m3/day).

Temperature (OC) Volumetric Loading (g/m3.d) BOD removal (%)
<10 100 40
10-20 20T-100 2T+20
20-25 10T +100 2T+20
>25 350 70

Design equations for the pond system:
The following equations were used for the design of each pond. The equations are based on Mara
and Pearson (1986) and Marais (1974) for the sizing of each of the ponds. They are as follows:
1. Anaerobic pond:
The anaerobic ponds are designed on the basis of volumetric BOD loading B,:
By = Li x Q/V1
Where, Ljis influent BOD (mg/L), Q is flowrate (m3/d) and V;is anaerobic pond volume (m3).
The first step is to select Bv (Mara and Pearson, 1986) and Mara et al. (1998) recommend the
safely design values as shown in Table (1).
Table (1) Design values for anaerobic ponds (Mara and Pearson 1986)
The hydraulic retention time is calculated from the equation below:
t1 =V1/Q (days)
The mid- depth area:
A1=V1/d:
Where, d1 is the assumed pond depth.
The minimum design retention time is one day in anaerobic ponds, four days in facultative ponds,

and three days in maturation ponds.

2. Design of the facultative pond:

Facultative ponds are designed on the basis of surface loading Bs:

Bs =10Lj Q/ Ay
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However, according to the Mara (1987) equation, the surface loading is based on temperature
and is according to the equation below:
Bs = 20T —120 (kg / ha. day)
The total BOD load, LiQ2 = BOD removal (%) x Lj Q (kg/day)
The mid- area:
A2 =L Q2/Bs (m?)
Pond volume, V2= A2 x d, (md)
Were, (, the assumed pond depth (m).
Hydraulic Retention time:
to =V2/Q (days)
3. Design of The Maturation Ponds for Faecal Coliform Removal:

The method used is that of Marais (1974) for design of a pond series for Faecal coli form
removal. This assumes that Faecal coli form removal can be reasonably well represented by a
first-order kinetic model in a completely-mixed reactor. The resulting equation for a single
pond is given by:

Ne =Nj /(1+KT11t3) FC/100 ml
Where Ne and Ni are the number of Faecal coli form/100 in the effluent and influent, KT is
the first-order rate constant for Faecal coli form removal (day?), and t3 is a retention time
(day).
The value of Ky, (day?) is highly temperature-dependent. Marais (1974) found that:
Kr =2.6(1.19) T2
The hydraulic retention time t3 is assumed although Marais (1974) recommended that a value

of 3 for temperatures above 20 °C.

4. RESULTS AND DISCUSSION

Determination of the design flow
1. Design population: The project's target year is 2053:
The forecast for Sebha city in 2018 gives a total population of 210,000. Growth rate 2.86% and
With Population density of 42.77 inh/ha.
(UN-Habitat City Profile of Sebha, LIBYA 2018)
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Present population 2023 P2023 = 210,000 (1+-0286)5 =241798
Project target population 2053 P2053 = 241798 (1+0.0286)3 = 263144
Influent wastewater flow:
Q= 1073 x0.85 x 180% 263144 + 0 + 0 = 40261 m3/d say 50000 m3/d

2 . Anaerobic Ponds Design:
Estimate influent BODs (Li); Assume BODs per person =54 g/c. d.
W=LixQ Where, W= organic loading rate (kg/d)

1000 mg 10001

m3

54 g/c.d x = Ljx 50000 ng x find Li(BODs) = 284.2 mg/L

Volumetric BOD loading By: B,=L; x Q/V;

According to the Table (1) : Prevailing temperature in the study area > 25 OC , VVolumetric
Loading Bv =350 (g/m3.d). The total volume of anaerobic ponds = 40600 m3

Area of the anaerobic ponds, Al: A1=V1/dl , Where, d1 is the assumed pond depth =
3.5m (Kayombo et.al 1998) and it is an average value based on the range of values given in the
literature(2-5m). A1=40600/3.5 =11600 m?. Assume two ponds used area of each one = 5800 m2.
Assume the pond configuration is rectangular: Dimensions of the pond, A= Lx W

Assume L=4W, 5800=4W? — W=38msay40m, L=160m

BOD removal = 2T + 20, T=25 °C , Percent BOD removal =2x25+20=70%

Anaerobic pond effluent (BODs) = (1- 0.70) x 284.2 mg/L = 85.26 mg/L

Retention time for the pond T;: T1=Vi/Q — T;=1.62 day OK (minimum 1 day)

3. Facultative Ponds Design:

Facultative ponds were designed on the basis of surface BOD loading (Bs, kg/ha d) according to
the equation below:

B, =10L,Q/ A,

Effluent BODs o anaerobic pond is considered as influent BOD5 of the facultative pond = 85.26
mg/L. However, according to the Mara (1987) equation, the surface loading is based on
temperature and is according to the equation below:

B, = 20T —120 (kg / ha. day)
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B;= 20 x 25-120 = 380 mg/L
Find the area of facultative ponds A, B, =10L,Q/ A,

380 = 10 x85.26 x 50 x 10°/ A, , A,=121800 m?, consider two facultative ponds, area
of each pond = 60900 m? say 60 hectares.
Assumed pond depth = 1.5m ( Kayombo et.al 1998)
Volume of facultative ponds V2 = 60000 m? x 1.5 m = 90000 m*
Retention time for facultative ponds T2: T2 = V2/Q — T2 = 3.66 days — 4 days

Assuming a length: breadth ratio of 2:1 to avoid sludge banks forming at the inlet.

A=LxW = 60000 m?=2W? — W =173 m — L =346 m.
According to the Mara (1987), the percentage removal of BOD5 of facultative pond range
between (75% - 85%), select 75% removal efficiency.

BOD:s in effluent = 85.26 mg/L (1- 0.75) = 21.32 mg/L.

4 . Maturation Ponds:

The method used is that of Marais (1974) for design of a pond series for Faecal coliform
removal. This assumes that Faecal coliform removal can be reasonably well represented by a first-
order kinetic model in a completely-mixed reactor. The resulting equation for a single pond is
given by:

N, =N, /(1+ K;t;)FC /100 ml
Where Ne and Ni are the number of Faecal coli form/100 ml in the effluent and influent, K is the
first-order rate constant for Faecal coli form removal (d?), and ts is a retention time (day). The
recommended hydraulic retention time for maturation ponds is 20 days for complete
decomposition. (WSP, 2007)
The value of Ky, (day?) is highly temperature-dependent. Marais (1974) found that:

Kr =2.6(1.19)"2, Kr =2.6(1.19)%-% = 6.2 days

Marais (1974) suggests a value of 3 days for 8™, Where 8™ is the minimum retention time

to prevent algal washout and minimize hydraulic short-circuiting.
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Use two maturation ponds. The volume of each one:

V=Q x T =25000 m3/d x 3 d =75000 m3
Use depth 1 meter. Area of the pond = 75000/1 = 75000 m? equivalent to 7.5 ha.
Assume pond configuration is rectangular and Length = 2 wide L = 2W

A=LxW,75000=2W? - W=194m,L=388m

5. CONCLUSION:

1. According to the specific objectives of the study, all the ponds have been clearly designed
with all the specific dimensions.

2. The anaerobic pond has an area of 5800 m2 and a retention time of 1.62 days with the
influent BOD at 284.2 mg/1.

3. The facultative pond has an area of 60900m2 and a retention time of 4 days. The effluent
BOD is 21.32 mg/1, which is less than the standard of 50 mg/1 so the pond is effective.

4. The maturation pond has an area of 75000 m2 and a retention period of 3 days. The
number of Faecal E. coli in the influent is 12039333FC/100ml and the number in the effluent
1s 1052FC/100ml. This meets the standard value, which is less than 10,000FC/100ml.

5. Based on this study, the results obtained can be presented, which can be summarized in
the following points:

6. The treatment system using stabilization ponds is considered one of the appropriate
technologies that have been used in the treatment in many areas of science for various types
of wastewaters.

It can be operated in many ways, and the operating method can be changed in the event of
increasing hydraulic and organic loads without the need to add new units. This is done by using
one or more of the systems used in one treatment plant: anaerobic oxidation ponds (which work
as a preliminary treatment for sewage), facultative oxidation ponds, aerobic oxidation ponds,
maturation oxidation ponds.

This method can be used in the following cases: areas where there are large areas of land at a
cheap price, lack of necessary funds for expensive traditional treatment methods, lack of

experience and trained workers to operate other methods.
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