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Introduction

Praise be to Allah, who has guided and enabled us to publish the eleventh issue of
the Gharyan Journal of Technology. We thank Him for this blessing. As we
promised from the very beginning with the release of the first issue in 2016, we have
continued our commitment to maintaining the journal’s credibility by upholding
academic integrity and relying on reviewers with sufficient expertise in their fields.
This ensures that the works published in the journal are characterized by rigor and
scientific methodology, without favoritism, bias, or leniency in publishing studies that
lack scientific and research value. Although we receive a larger number of
submissions, we publish only a limited number of research papers in each issue
because many are declined by reviewers for not meeting scientific standards. We look
forward to ensuring that the published studies contribute to offering proposals and
developing effective solutions to the challenges faced by institutions such as
companies, factories, hospitals, and other sectors.

Nations strive for progress and for attaining distinguished status through achieving
growth, economic advancement, and a decent quality of life for their people.
Scientific research is one of the most important means of reaching that noble goal. By
employing research in innovative applications that serve humanity in general, this
objective can be fulfilled. Developed countries allocate significant portions of their
financial resources toward achieving this aim.

We fully recognize that working in peer-reviewed scientific journals is a
demanding task, especially under the circumstances our country in particular—and
the world in general—are experiencing. However, we accepted this challenge with
full confidence that Allah will support us as we endeavor to present valuable work
that benefits researchers, specialists, and interested readers. Our aim is for the journal
to be one of the scientific platforms for researchers in a world witnessing an intense
race in the realms of civilization, science, research, and technology. We strive
diligently to carve out a worthy place for the journal, benefiting from the experiences
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of those who preceded us in this long path. With God’s permission, we hope that
upcoming issues will be of even higher quality and that our journal will achieve an
impact factor that reflects the value of the research it publishes. What further
strengthens our determination and confidence is that the Gharyan Journal of
Technology is issued by a well-established academic institution more than thirty
years old, distinguished by its graduates who have joined numerous institutions across
the country and have presented a positive image of the educational institution that
prepared them.

The eleventh issue of the Gharyan Journal of Technology contains numerous
research papers and scientific articles characterized by creativity and diversity,
contributed by researchers from various educational institutions.

The Editorial Board renews its welcome to all researchers and contributors
wishing to participate with scientific papers and innovative research in your journal,
the Gharyan Journal of Technology, which seeks to achieve distinction among peer-
reviewed scientific journals. We open the door to your suggestions, remarks, and
constructive criticism, believing that such feedback is the best way to develop the
journal, enhance its scientific value, and support its continuity.

The Editorial Board
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Abstract
Chlorophenolic compounds are persistent pollutants in aquatic systems due to their

strong resistance to natural biodegradation, high toxicity, and potential to generate
harmful byproducts. Among them, chlorophenol and dichlorophenol are considered
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priority contaminants in industrial wastewater. This study examined their degradation
under solar light, both individually and as a binary mixture, in the presence of iron
ions and photocatalyst TiO, as well as small quantity of cupper ions. The results
showed that iron significantly enhanced degradation compared to direct solar
irradiation alone. Under sunlight, Ferric was rapidly reduced to ferrous, maintaining
the catalytic cycle and facilitating continuous production of reactive oxygen species
(ROS). Several intermediates, including phenol, and 2-chlorocatechol, were
identified, along with small amounts of benzoquinone in later stages. The maximum
degradation efficiencies of 95% (chlorophenol) and 87% (dichlorophenol) using
ferrous ions within 120 minutes were achieved. These findings highlight the
progressive dechlorination pathways and the central role of ferrous in sustaining
activity. Owverall, the study demonstrates the promise of iron-assisted solar
photocatalysis as an efficient and low-cost strategy for treating water contaminated
with chlorophenols.

Key words, chlorophenols, oxidation, iron ions, solar photocatalytic, water treatment.

1. Introduction

Chlorophenols constitute an important group of halogenated aromatic compounds
that are widely distributed in aquatic environments due to both industrial activities
and disinfection practices. These compounds are considered highly toxic, non-
biodegradable, and persistent, thereby posing serious threats to public health and
ecological systems (Field & Sierra-Alvarez, 2008). Their stability and resistance to
microbial degradation stem largely from the strong carbon—chlorine (C-Cl) bond,
which not only extend their environmental half-life but also enhances their
bioaccumulation potential. The toxicological profile of chlorophenols includes
mutagenic, carcinogenic, and endocrine-disrupting effects, underscoring the urgency
of developing efficient methods for their removal from contaminated waters (Olaniran
& Ighinosa, 2021).

Among these compounds, chlorophenol and dichlorophenol have been identified
as priority pollutants by regulatory agencies due to their widespread industrial use and
high toxicity. The European Union and the United States Environmental Protection
Agency (USEPA) classify chlorophenol as a hazardous substance, while
dichlorophenol has been listed on the USEPA’s inventory of toxic pollutants since
1976 (USEPA, 1976; European Commission, 2001). Industrially, these compounds
are applied in the synthesis of dyes, pesticides, pharmaceuticals, resins, and
antiseptics, as well as in petroleum refining (Gomes et al., 2019). Their extensive
utilization has resulted in their frequent detection in wastewater effluents, surface
waters, and, in some cases, groundwater sources. This persistence, coupled with their
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Abdulbasit M. Abeish

toxicity, necessitates the development of cost-effective and sustainable treatment
technologies.

Conventional biological and chemical treatment methods, although widely applied
for organic pollutant removal, are often insufficient for chlorophenols due to their
recalcitrant nature and inhibitory effects on microbial consortia (Luo et al., 2022).
Consequently, advanced oxidation processes (AOPs) have been increasingly explored
as alternative treatment methods. AOPs rely on the generation of highly reactive
oxygen species (ROS), particularly hydroxyl radicals (*OH), which possess oxidation
potentials high enough to non-selectively degrade a wide range of organic pollutants,
ultimately leading to mineralization into carbon dioxide, water, and inorganic ions
(Glaze et al., 1987). Among various AOPs, photocatalysis based on titanium dioxide
(TiOy) has attracted considerable attention owing to its chemical stability, strong
oxidative capacity, non-toxicity, and relatively low operational cost (Fujishima &
Honda, 1972; Chong et al., 2010).

Traditional photocatalytic systems have primarily employed ultraviolet (UV)
irradiation to activate TiO,. While effective, the reliance on UV light significantly
increases energy costs and restricts large-scale applications. In contrast, substituting
solar irradiation for artificial UV sources offers an environmentally sustainable and
economically attractive alternative, particularly in regions with high solar irradiance
(Malato et al., 2009). However, a major limitation of solar photocatalysis is the rapid
recombination of photogenerated electron—hole pairs, which drastically reduces the
guantum efficiency of the process. Thus, strategies to suppress recombination and
enhance ROS generation are crucial to improving overall photocatalytic performance.

One promising approach to address this challenge involves the incorporation of
transition metal ions, which can act as electron scavengers, redox mediators, or co-
catalysts. Among these, iron ions (Fe2*/Fe3*) are especially attractive due to their low
cost, natural abundance, and environmentally benign nature compared with other
transition metals (Pignatello et al., 2006). lIron-based systems also provide the
advantage of operating under the principles of photo-Fenton chemistry, wherein Fe3*
undergoes photoreduction to Fe2* under irradiation, thereby sustaining the catalytic
cycle and promoting continuous radical generation (De Laat & Gallard, 1999).
Previous studies have demonstrated that Fe3* ions enhance the degradation efficiency
of chlorophenols and accelerate the mineralization process (Nogueira & Jardim,
1998). Nevertheless, the precise mechanistic roles of Fe2* and Fe®* remain a subject
of debate. While Fe?* is known to participate directly in Fenton-like reactions with
oxidants such as hydrogen peroxide, Fe3* plays a dual role by both accepting
electrons and being photoreduced under irradiation (Gogate & Pandit, 2004). This

12 Gharyan Journal of Technology (2025), 1(11), 10-18
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interplay between the two oxidation states of iron necessitates further systematic
investigation to clarify their contributions under solar-driven photocatalytic
conditions.

In this context, the present study focuses on the solar photocatalytic degradation of
chlorophenol and dichlorophenol, investigated both individually and as binary
mixtures, in the presence of Fe?* and Fe3" ions. Particular attention is devoted to
identifying the key intermediates formed during the degradation pathways,
elucidating the mechanistic contributions of iron ions, and assessing their role in
sustaining photocatalytic activity. The findings are expected to contribute to a deeper
understanding of iron-assisted solar photocatalysis and to provide valuable insights
for the development of cost-effective and sustainable treatment strategies for
chlorophenol-contaminated waters.

2. Materials and Methods
2.1 Materials

High-purity samples of chlorophenol, dichlorophenol, hydroquinone, 4-
chlorocatechol, phenol, and benzoquinone were obtained from Sigma-Aldrich.
Ferrous sulfate heptahydrate (FeSO, -7H,O) and ferric chloride hexahydrate
(FeCls-6H,0) were used as iron sources. The photocatalyst TiO, (P25, 80% anatase,
20% rutile, 21 nm particle size) was purchased from Acros Organics. Hydrochloric
acid was used to adjust pH, and deionized ultrapure water was employed for all
solutions.

2.2 Photocatalytic Experiments

Experiments involved degrading a combined mixture (100 mg/L of each
chlorophenol) under solar simulation using TiO, with added Fe** or Fe**. A 1 L
suspension was prepared in a Pyrex reactor and irradiated with a solar simulator
(1,000 mwW/cm?). Prior to irradiation, the suspension was stirred in the dark for 30
minutes to establish adsorption equilibrium. Aliquots were collected at intervals,
filtered, and analyzed by high-performance liquid chromatography (HPLC) to
determine compound concentrations. Degradation efficiency was calculated from
initial and remaining concentrations. COD and iron concentrations were also
measured periodically.

13 Gharyan Journal of Technology (2025), 1(11), 10-18
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2.3 Analytical Methods

HPLC analysis with a UV-visible detector and C18 column was used to quantify
chlorophenols and intermediates. COD was determined with a Hach
spectrophotometer using standard digestion procedures. Iron ion concentrations were
monitored via the phenanthroline method.

3. Results and Discussion
3.1 Effect of Chemical lons

Photocatalytic degradation was more effective under acidic conditions (pH 3). For
Fe?*, the optimal concentration was 10 mg/L, achieving degradation efficiencies of
95% (chlorophenol) and 87% (dichlorophenol) within 120 minutes. Higher
concentrations led to reduced efficiency due to increased electron-hole recombination.
Figure 1.

120 120
T (a) ——5 ppm TiO2 )Sb) —+—5ppm Ti02
o - £ | E —
= 00 m " —=—10ppmTiO2 5 100 —=—10 ppm TiO2
5 ] &
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2 7]
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Figure 1 Influence of (Fe'?) on the oxidation of (a) chlorophenol and (b)
dichlorophenol

For Fe*, the best performance was at 13 mg/L, yielding efficiencies of 80%
(chlorophenol) and 70% (dichlorophenol). Thus, both ions significantly enhanced
degradation, though Fe?* showed slightly higher activity Figure 2.
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Figure 2 Effect (Fe*®) on the oxidation of (a) chlorophenol and (b) dichlorophenol

This result should be clarified by the fact that the recombination of the e”/h* pairs
increases at high metal ion doses, leading to reduce d hydroxyl radicals (*OH) (Arslan
et al. 2000).

3.2 Degradation Pathways and Intermediates

At optimal ion concentrations, three primary intermediates were detected: phenol,
and 2-chlorocatechol, with traces of benzoquinone. These intermediates reached peak
concentrations around 60 minutes and degraded within 120 minutes. Compared to
earlier work without added iron, degradation times were shortened by nearly half. The
mechanism suggests that Fe®* accelerates degradation by capturing photogenerated
electrons and reacting with hydrogen peroxide to produce hydroxyl radicals, whereas
Fe** produces radicals through slower pathways Figure 3.
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Figure 3 Concentration profiles of the combined mixture of 100 mg/L of both
chlorophenol and dichlorophenol with optimal values of (a) Fe** = 10 ppm and (b)
Fe** =13 ppm.

3.3 COD Reduction

To monitor the total removal efficiency of the combined mixture, Chemical
oxygen demand (COD) was continuously measured during the course of the reaction.
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analysis showed significant reductions, though complete COD removal was not
achieved, indicating the presence of undetected intermediates. Maximum COD
reductions were 88% (Fe*") and 79% (Fe®") after 240 minutes Figure 4.

1 1
0.9 (a)] 0.9 ~ (b}
0.8 0.8 N~
0.7 0.7
o \‘\ o
g 0.6 8 0.6
Sos S o5
g 0.4 8
8 0- 8 0.4
0.3 0.3
0.2 0.2
0.1 0.1
0 0
0 30 60 90 120 150 0 30 60 90 120 150
Irradiation Time (min) Irradiation Time (min)

Figure 4 COD reduction of the combined mixture of 100 ppm of both chlorophenol
and dichlorophenol with the optimum values of (a) Fe** = 10 mg/L and (b) Fe** = 13
mg/L.

The low reduction rate during the first 60 min of the solar irradiation might be
attributed to the formed intermediates (HQ, Ph, 4-cCat) that make the solution rich in
organic compounds.

3.4 Iron Concentration Behavior

Fe?* concentrations declined steadily during irradiation, with partial conversion to
Fe** due to reactions with hydroxyl radicals and hydrogen peroxide Equationd.

Fe?* + 'OH — Fe** + OH

1)

It can be noticed that most Fe** ions rapidly reduced to Fe?* under solar irradiation,
highlighting the dominant role of Fe*" in the degradation process Equation 2.

Fe** + e — Fe®

)

Despite different initial oxidation states, both ions ultimately contributed similarly
to pollutant breakdown Figure 5.
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Figure 5 Iron concentrations during solar photocatalytic degradation of the combined
mixture of 50 mg/L of both chlorophenol and dichlorophenol (a) Fe** (b) Fe** .

4. Conclusion

This study has confirmed that both ferrous (Fe?*) and ferric (Fe3*) ions play a
significant role in enhancing the solar photocatalytic degradation of chlorophenolic
mixtures. Although both species improved pollutant removal, Fe2* demonstrated
marginally superior performance, largely due to its direct involvement in generating
reactive oxygen species through Fenton-like reactions. The rapid photoreduction of
Fe3* to Fe2" under irradiation further supports the central role of Fe2* in sustaining
catalytic activity. The detection of hydroquinone, phenol, and 4-chlorocatechol as
intermediates, alongside COD measurements, suggests that while degradation was
effective, complete mineralization was not fully achieved, and some by-products
persisted. Importantly, the low residual iron concentrations indicate that catalyst
recovery and reuse are feasible, enhancing the sustainability of the process. These
findings highlight the promise of iron-assisted solar photocatalysis as a cost-effective
water treatment strategy, while emphasizing the need for future research on affordable
iron sources and by-product toxicity.
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Abstract

The approach to delivering education in Libya has undergone a significant
transformation in recent years. Various tools now support the educational process,
shifting it from rote learning to creativity, interaction, and skill development. This
study aims to examine the feasibility of implementing e-learning in Libyan
universities. A statistical analysis was conducted on approximately 400 samples to
identify patterns. The findings highlight the importance of e-learning in enhancing the
quality of education by outlining its benefits and limitations. Moreover, it was found
that employees consider e-learning an effective alternative to traditional education.
Despite this consensus, concerns remain regarding the availability of sufficient
infrastructure.

Keywords: Internet, usage, e-learning, benefits, limitations, universities, Libya
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Introduction

The rapid advancements in technology have led to new patterns of learning and
teaching, reinforcing the concept of individualized or self-directed education.
Learners pursue their education based on their capacity, abilities, learning pace, and
prior experience and skills [1].

E-learning primarily relies on computers and networks to transmit knowledge and
skills. Its applications include web-based learning, computer-based learning, virtual
classrooms, and digital collaboration [2]. Lesson content is delivered through the
internet, audio tapes, videos, and CDs. And it is possible to excel beyond the
traditional classroom learning environment [3]. E-learning and Open Educational
Resources offer an opportunity to meet the global demand for education, particularly
in higher education, by providing access to learning materials and experts [4].

E-learning provides adaptable education for all communities, including individuals
with special needs. It can be one of the most effective ways to accommodate students
with disabilities. Asynchronous access to digital materials, such as email,
announcement boards, online lectures, and eBooks, allows students with disabilities
to choose accessible email programs and other tools that suit their needs. This
asynchronous communication among students, course administration staff, and peers
is accessible to everyone, regardless of disability [5].

A reliable internet connection can improve online education by enabling the use of
advanced educational tools, such as interactive software. Additionally, high-quality
internet access significantly predicts students’ learning outcomes. Students with
computer devices and a stable internet connection tend to demonstrate higher levels of
academic performance [6].

Arab countries in the Middle East have high internet penetration rates. This can be
related to the development of infrastructure and the digital transformation process in
the region. Additionally, investments in the telecommunications and technology
sectors play a significant role in this increase [7].

Based on data from various sources [8, 9, 10], internet penetration in Arab
countries has reached approximately 77%, surpassing the global average of about
63%. Arab countries lead the world in terms of internet penetration. Moreover,
between 2009 and 2023, the number of internet users worldwide increased by
1,436.4%, while the growth rate in the Arab region was 487%. This significant
increase may contribute to greater adoption of online learning.

Since 2009, the Arab region has experienced significant growth in the number of
people going online. According to data from the same source [8, 9, 10], which
indicates the growth levels of Internet penetration per country in the region between
2009 and 2024, Internet penetration in most Gulf Cooperation Council (GCC)
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countries has nearly reached 99% of the population. Among the Arab Maghreb
countries (Libya, Tunisia, Morocco, and Algeria), Libya has experienced a substantial
increase in Internet penetration, reaching approximately 95%.

The internet was first introduced in Libya between 2000 and 2005 [11]. Since
then, its usage has grown rapidly, and the development of telecommunications in
Libya is approximately equivalent to that of the United States. In early 2024, there
were a total of 12.40 million cellular mobile connections in Libya [12], which is
equivalent to 179% of the total population. According to Ookla's findings [13], the
average speed of mobile internet connections in Libya increased by 0.64 Mbps (4.4%)
at the beginning of 2024. During the same period, fixed internet speeds in Libya grew
by 0.44 Mbps, representing a 4.9% increase. Many Libyan universities have
established official websites to provide course materials and essential information to
students and researchers. Enhancing these websites' services can play a significant
role in improving the universities' rankings [14]. However, most Libyan universities
still rely on a traditional education system based on face-to-face communication.
Some universities, such as the University of Tripoli and the University of Benghazi,
provide basic Information and Communication Technology (ICT) infrastructure,
including computers and internet connectivity [15].

By early 2024, Libya had 6.13 million internet users; representing 88.8% of the
country's population [3, 16, 17] (see Table 1). Although some reports excluded social
media data [18], which led to a decrease in user numbers for 2021 and 2022, there
was a 6.8% increase in internet users between 2022 and 2024 [19]. From 2019 to
2024, the number of users grew by 66.6%, rising from 1.44 million to 6.13 million
[18]. Despite this significant growth, traditional face-to-face methods remain the
norm for government services, unlike in many other parts of the world. This reliance
on conventional systems may explain why universities and other educational
institutions have been slow to adopt e-learning, limiting the population's ability to
fully benefit from online education.

Table 1: The Internet Penetration in Libya.

The Internet Usage in Libya.

Year 2019 2020 2021 2022 2023 2024
Internet users | 1,429,000 5,100,000 3,190,000 | 3,470,000 6,658,900 6,130,000
population 6,569,000 6,654,000 6,735,277 | 7,000,000 7,024,811 6,930,000
penetration 21,75% 76.64% 47.36% 49.57% 94.8 % 88.4%

The number of students at Gharian University who participated in e-learning
during the COVID-19 period was higher than the number who attended traditional
learning during other periods [20].
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This study’s purpose was to evaluate the state of e-learning in Libyan higher
education by examining internet accessibility, identifying its benefits and limitations,
and evaluating the effectiveness of e-learning platforms.

Material and Methods

An approach was applied to determine whether e-learning is suitable for Libyan
universities. The study involved higher education faculty members and was
specifically conducted in Libya

Experiment:

Researchers found that the most effective approach to achieving study objectives
was to create an online survey. It was conducted at Libyan universities between
March 2024 and February 2025 via
https://docs.google.com/forms/u/0/?usp=Fforms_web.The link of the questionnaire was
distributed through WhatsApp groups and Facebook pages and groups of university
students and staff. It was presented in two languages, English and Arabic, with a final
valid sample size of 389 respondents. The questionnaire consisted of 12 items in total.
Responses were measured using a 5-point Likert scale: 1 — strongly agree, 2 — agree,
3 — neutral, 4 — disagree, and 5 — strongly disagree. Four items addressed
demographic information, two items were to identify the internet connectivity, and six
items evaluated students’ positive and negative perceptions of e-learning. Data were
analyzed using IBM SPSS Statistics version 27 (Package for the Social Sciences) to
determine frequencies and valid percentages as part of the descriptive strategy.
Cronbach’s alpha was run. The value of Cronbach’s Alpha comes to 0.773, which is
more than the standard value proposed by Nummally [21] of 0.744. This shows that
our survey is reliable, and different statistical tests are applied confidently.

Table 2: Cronbach’s alpha

Reliability Statistics
Cronbach's Alpha N of Items
Ja73 6

Results and discussion
Table 3 presents the descriptive statistics for 389 students who participated in the
survey. More than 63% of the participants were female, with the majority of the
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participants aged between 18 and 25, accounting for about 92%. Additionally, nearly
68% of the participants were unemployed, while 64% held a Master’s degree

Table 3: Demographics and Education level (n = 389).

Categories Frequency Percent%
Male 142 36.5
Gender Female 247 63.5
Total 389 100.0
18-25 357 91.8
26-35 24 6.2
Age +35 8 21
Total 389 100.0
Work 126 324
Work Status Doesn’t work 263 67.6
Total 389 100.0
Academic 129 33.2
Master’s Degree 249 64.0
Education level |PHD 8 2.1
Other 3 .8
Total 389 100.0

Figure 1 illustrates that more than 60% of the respondents connect to the internet
through their mobile phone.

]

23
n

Mabile phona network local ratwork landine retework
What type of connection do you have?

Figure 1 shows the type of connection.

Participants expressed a positive opinion about e-learning based on the results of
descriptive analysis and a one-sample test (see Table 4), where the p-value <0.001,
the majority of respondents indicated that e-learning can improve the quality of
education (M = 2.13, SD = 1.176), is flexible (M = 2.00, SD = 1.005), and is suitable
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for people with special needs (M = 1.99, SD = 1.055). Moreover, they agreed that
online learning can reduce the cost of education (M = 2.08, SD = 1.124). These
findings align with many studies that consider e-learning one of the most effective
teaching and learning methods. With distance learning, education can now be
delivered across countries rather than just in one location [22]. Additionally,
participants agree, but not strongly, that e-learning can be a better alternative to
traditional education (M = 2.05, SD = 1.089). However, a study by Wael Osman
investigating "Is Online Learning Ready to Replace Traditional Education?” that
online learning is unlikely to replace many traditional learning methods [23].
Furthermore, perceptions tend towards neutrality or disagreement about the
availability of infrastructure in Libya (M=3.16, SD=1.178). A study by Askar Garad
demonstrated that e-learning is positively affected by the quality of infrastructure and
the cognitive competence of faculty, students, and staff [24].

Despite the agreement in most responses, the high level of deviation observed in
certain questions, such as Q1, Q4, and Q6, indicates significant differences in

viewpoints.

Table 4: Shows students' perceptions towards e-learning (N = 389).

. Std. Std.
No Question Responses N (%) Mean . Error | P-Value
Deviation
Mean
Do you believe that | Strongly agree 150 (38.6%)
e-learning will Agree 116 (29.8%)
Q1 |improve the quality | Neutral 68 (17.5%) | 2.13 | 1.176 | 0.060 | <0.001
of education in Disagree 34 (8.7%)
Libya? Strongly disagree | 21 (5.4 %)
Do you find e- Strongly agree 136 (35.0%)
learning more Agree 165 (42.4%)
Q2 | flexible compared | Neutral 52 (13.4%) | 2.00 | 1.005 | 0.051 | <0.001
to traditional Disagree 24 (6.2%)
education? Strongly disagree | 12 (3.1%)
Is eLearning Strongly Agree 151 (38.8%)
suitable for people | Agree 141 (36.2%)
Q3 | with special needs? | Neutral 59 (15.2%) | 1.99 | 1.055 |0..053 | <0.001
Disagree 24 (6.2%)
Strongly disagree 14 (3.6%)
Do you believe that | Strongly agree 133 (34.2%)
e-learning reduces | Agree 156 (40.1%)
Q4 | educational costs Neutral 55 (14.1%) | 2.08 | 1.124 | 0.055 | <0.001
compared to Disagree 26 (6.7%)
traditional learning? | Strongly disagree | 19 (4.9%)
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st Std.
No Question Responses N (%) Mean - Error | P-Value
Deviation
Mean
Do you believe that e-| Strongly agree 149 (38.3%) <0.001
learning can be a Agree 141 (36.2%)
Q5 |petter alternative to | Neutral 48 (12.3%) | 2.05 | 1.089 | 0.057
traditional education?| Disagree 33 (8.5%)
Strongly disagree 18 (4.6%)
Do you think the Strongly agree 40 (10.3%)
necessary Agree 75 (19.3%)
Q6 | infrastructure to Neutral 105(27.0%) | 3.16 | 1.178 | 0.060 | <0.001
support e-learning is | Disagree 121 (31.1%)
inplace in Libya?  ['Strongly disagree | 48 (12.3%)

Table 5 presents the analytical results of the Independent Samples Test. The
analysis of results is based on work status. As shown in Q1, Q2, Q3, and Q4, the p-
value is greater than 0.05, indicating no substantial difference between the opinions of
those who work and those who do not. Moreover, in Q6, although the p-value
approaches the critical threshold, it still does not indicate a significant difference
between the two groups. Conversely, in Q5, the p-value is less than 0.05, indicating a
significant difference in opinions between those who are employed and those who are
not. The mean difference suggests that those who work tend to support e-learning as a
better alternative. Research indicates that e-learning offers unique opportunities for
employees to enhance their engagement and satisfaction. By offering personalized
learning experiences based on their needs and preferences, organizations can
empower employees to take ownership of their development and fully invest
themselves in their roles [25]. In contrast, the analysis based on gender indicates that
the differences between male and female opinions are not substantial. Yet, as
presented in Table 5, there are slight variations in some opinions, such as reducing
costs and the suitability of e-learning for people with special needs.

Table 5: Independent Samples Test analysis of perceptions of e-learning and
their work status.

No Question P-value Mean Difference

o1 Do you believe that e-learning will improve | Work Status 277 142
the quality of education in Libya Gender .800 -.032-

Q2 Do you find e-learning more flexible Work Status 914 .012
compared to traditional education? Gender .599 -.055-

03 Is e-learning suitable for people with special | Work Status 437 -.086-
needs? Gender .062 -.203-

Q4 | Do you believe that e-learning reduces Work Status 759 -.036-
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No Question P-value Mean Difference
educational costs compared to traditional Gender 104 181
learning? '

Q5 Do you believe that e-learning can be a better | Work Status .001 409
alternative to traditional education Gender A11 -.181-

Q6 Do you think the necessary infrastructure to | Work Status .044 .246
support e-learning is in place in Libya Gender 456 .093

The One-Way ANOVA test was run to figure out whether there are significant
differences in perceptions based on their education level, type of connection, and age.
According to the findings presented in Table 6, variables such as connection type,
age, and educational level do not have a critical effect on opinions about e-learning in
Libya. For most questions, the p-values exceed 0.05, indicating no statistically
significant relationship between these variables and participants' opinions. However,
ChinaWei indicates that individuals with lower levels of interaction and adaptability
are more likely to be mobile-only users and tend to experience poorer internet
stability [6].

Table 6: One-Way ANOVA analysis for perceptions of e-learning.

NO Dependent Variable
P-value
Do you believe that e-learning will Type of connection 124
Q1 | contribute to improving the quality of Age .831
education in Libya Education level .250
Q2 Do you find e-learning more flexible Type of connection .237
compared to traditional education? Age 419
Education level .828
Is e-learning suitable for people with Type of connection .100
Q3 | special needs? Age .788
Education level .390
Do you believe that e-learning reduces Type of connection 534
Q4 | educational costs compared to traditional | Age .674
learning? Education level .738
Do you believe that e-learning can be a | Type of connection .879
Q5 | better alternative to traditional education | Age .550
Education level .649
Do you think the necessary infrastructure | Type of connection .799
Q6 | to support e-learning is in place in Libya | Age .827
Education level 273
Conclusion

It concludes that Internet access is available and its speed is increasing

significantly. It also illustrates the importance of e-learning, which can improve the
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quality of education in Libya and serve as a good alternative to traditional education,
especially for those who work. Because of its flexibility, e-learning is well-suited for
people with low incomes and disabilities. However, it has not yet been fully adopted
by universities in the educational process. Libyan universities continue to favor
traditional education over e-learning. Nevertheless, the lack of appropriate
infrastructure for e-learning in public universities is another reason that is slowing
down the implementation of e-learning.

It is important to continue to study and understand its potential impact on higher
education and to develop the infrastructure to ensure that it has full benefits. This
may include training educators and learners on how to use this technology
effectively and ensuring transparency in the feedback generated.
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Abstract:

The focus of this study is on the possibility of simulation on operating a Solar Still
under different climatic conditions in Tripoli city-Libya, which represent the four
seasons of the year, to obtain high-level production of distilled water according to the
climatic conditions and design values of study. The geographical location and
climatic conditions play major role in improving the performance of the Solar Still,
thermal efficiency, and production capacity. In addition to the engineering design, the
internal structure of the material, which falls under the study of Materials Science. In
this paper, an analytical study is presented on the extent radiation conditions, ambient
temperature, and wind speed affect the performance of the Solar Still. The study
includes a model to solve three differential equations of the glass cover, the basin
water and the basin liner for a conventional Solar Still based on the energy balances
using Runge Kutta four, considering the effect of ambient temperature and solar
radiation based on the ASHRAE Model.

The results were obtained using a mathematical model developed using Fortran 95
programming language for the main simulation of heat and mass transfer in the solar
still based on a presentation presented in the form of graphs, patterns, and tables that
illustrate the change in performance factors such as the temperature of the glass cover,
the basin water, the basin liner, thermal efficiency, and hourly and daily productivity
under different ambient conditions of ambient temperature and solar radiation. The
results show that the highest hourly thermal efficiencies were achieved in the four
months of January, April, July, and October: 44%, 49.7%, 69.5%, and 47.6%,
respectively. Likewise, the productivity of the conventional distillation device was
0.537 L/mz2/h, 1.292 L/m2/h, 1.303 L/m#h, and 0.935 L/mZ/h as the maximum values
during mid-day for the different months of January, April, July, and October,
respectively. However, the cumulative productivity from 8:00 a.m. to 20:00 p.m. in
the months of January, April, July, and October were respectively 3.042 L/m2/day,
8.621 L/m?/day, 8.945 L/m?/day, and 5.664 L/m?/day. It is also noted from the results
that the highest temperatures of the basin water were respectively 48.23 C°, 67.776
C° 71.032 C°, 60.509 C° for January, April, July, and October. This was remarkably
important in terms of Solar Energy on the extent of utilization of water evaporation
temperature.

Key Words : conventional solar still ,solar radiation , hourly productivity, cumulative
productivity ,thermal efficiency
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Symbols

QC,b—w
QC,ga

dcwg

Nomenclatures
Surface Area of solar still basin
Surface Area of solar still glass
Surface Area of solar still water
Specific heat capacity of the basin liner
Specific heat capacity of the glass cover
Specific heat capacity of the water mass
Evaporative heat transfer coefficient from water mass
and glass cover
The latent heat of vaporization
Direct solar radiation
rate at which energy is diffused on to sky (Isotropic
Sky)
rate at which the total radiation (direct plus diffuse)
strikes the horizontal surface or ground in front of the
wall
rate at which Energy reflected from ground and
surroundings (diffuse reflection)
The total solar radiation on the inclined glass cover of
the solar still
The total solar radiation on the inclined water and basin
of the solar still
Basin mass
Glass cover mass
Water mass
water vapor mass
Convection heat transfer between basin liner and water
mass
Convection heat transfer between glass cover and
ambient air
Convection heat transfer within the solar still from
water mass and glass cover

J/kg °C
J/kg °C
J/kg °C
W/m?
°C
Jikg
W/m?
W/m?

W/m?

W/m?

W/m?
W/m?

Kg
Kg
kg
I/m? hr
W

W
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Symbols Nomenclatures Units

Qewg Evaporation heat transfer within the solar still from water w
mass and glass cover

Qioss Conduction heat transfer between basin liner and w

atmosphere

dr.ga Radiation heat transfer between glass cover and ambient w

drwg Radiation heat transfer within the solar still from water w
mass and glass cover

T, Ambient Temperature °C

Ty Basin liner Temperature °C

T, Glass cover Temperature °C

Ty Water Temperature °C

N The number of day in the year --

Greek Letter Symbols:

Symbols Nomenclatures Units
a, Basin liner absorptivity -
ay Glass cover absorptivity --
Py reflectance of ground or horizontal surface -
a, Water mass absorptivity --
as solar altitude degree
T4 glass transmittance -
Ty water transmittance -
Tar droplets transmittance -
Eeq effective diffusivity -
& Transmissivity of the glass cover -
Ew Transmissivity of the water mass -
Nen The instantaneous efficiency of a solar still -

1.Introduction

Libya has recently been suffering from a severe shortage of potable water, where
groundwater consisting 97% of the total potable water reserve, with depleting a large
part of this reserve, there was an urgent need to estimate and search for permanent
and renewable alternatives. In the way of utilizing future solutions, it was necessary
to accelerate the implementation of seawater purification projects, brackish and
sewage water recycling to support the needs of the population, industry, agriculture,
and livestock by establishing drinking water desalination plants and distillation towers
using traditional fuel from oil and gas or renewable energy from the sun and wind.
Therefore, our research was on how to build to a Solar Still to purify water, taking
advantage of the climatic conditions available in Libya. With the availability of
renewable and sustainable energy such as the sun, the matter is highly relevant for
Libya and other arid regions where freshwater scarcity is a major issue.
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D. W. Medugu and L. G. Ndatuwong [1] in 2009 have obtained the experimental
result of distillate of water from the constructed still. The productivity of distillate
water corresponds favorably with the theoretical analysis. Their maxima taken place
at 12:00 AM, where solar radiation intensity and the temperature of water inside the
still are high, are 1.60 I/m*hr and 1.5942 I/m2.hr for practical and computed values
respectively.

Wissam H. Alawee [2] in 2015 presented an experimental study to improve the
productivity of a conventional Solar Still. He constructed two Solar Stills, one with a
conventional design and the other according to the proposed design. Both were tested
from February to July 2009 under varying weather conditions in Basra, Irag.
Satisfactory results were obtained. The maximum value at 12:00 AM was 1.35 I/m*hr
for the conventional still and 1.45 1/m?h for the proposed still. The daily productivity
(cumulative productivity) were 9.40 I/m%day and 11.00 I/m?/day to at 18: 00 for two
Solar Stills, one with the conventional design and the other with the proposed design.

Abdelkader Bellila, Abd Elnaby Kabeel, M. El Hadi Attia, H. A. Dahab and M. A.
Elazab [3] conducted a study in July 15, 2023 to determine the most effective energy
storage materials within the water basin liner to for improving the performance of a
conical solar distillation system (CSDS). The study reached the following major
conclusions: firstly, was cumulative productivity for Stainless steel balls (CSD-SSB)
achieved the highest water productivity at 9.45 liters/m?/day, followed by glass balls
(CSD-GB) at 8.75 liters/m2/day, black gravel (CSD-BG) at 8.25 liters/m?/day, and
sandstone (CSD-SS) at 7.70 liters/m?/day. The conventional system (CCSD) achieved
the lowest productivity at 5.75 liters/m2/day to at 18:00 PM.

Mokhtar Mohammed and Taha Janan Mourad [4] in 2021 reported a theoretical
study of energy balance for all parts of a new design of solar concentration distiller
using a parabolic concentrator with a half-cylinder basin. The methodology
concentrates on solving the thermal collector's energy balance equations which
components are the glass cover, the brackish water and half-cylinder absorber. Where
productivity of distilled water, the largest amount was harvested between 11:22 AM
to 14:22 PM where the solar radiation was at maximum and the maximum value of
the productivity was 1.45 kg/m®.hr at mid-day.

1. MODELING OF SOLAR STILL

The conventional Solar Still system consists of the following main parts: a feeding
water tank, a distillation basin with thermal insulation and a pipe network. The basin
area of the solar still was 0.75 m2 (1.25 m x 0.60 m). Glass panel was used to cover
the solar still from the top, and it was fixed at a 35° angle with the horizontal.
Condensed water flowed down through glass cover into a collection canal and was
stored in water storage bottle.
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e ASHRAE Clear Sky Model (Global Solar Radiation))[5]
Total solar radiation incident on a non-vertical surface,

IG,=IB+1d+1Ir 1)

1Gyp = [max(cos 65,0) + C (1+CZOSB) + pg (I_CZOSB) (sinag + C)] b (2)

For a horizontal surface
IGey = [max(cos 04, 0)+C (1+C2°Sﬁ)] Ib 3)
Where C diffuse radiation factor can be calculated in eq. [6].

€ = 0.0965 [1 — 042 cos (22
e Ambient temperature

Function Ta ha calculates the variation in ambient air temperature under prevailing
conditions every 24s can be expressed [7].

Ta = Tav + (Tmax — Tav) = Sin(Ph) 5)

)] - 0.0075[1 - cos(1.95N)] 4)

e The energy balance for the glass cover
The equation for the glass energy balance is[8]:

darT,
(agIGt,B)Ag+Qe,wg +Acwg T Arwg = MgCp g d_tg + dcga T Arga (6)
e The energy balance for the Basin water
The equation for the basin water energy balance is[9] [10] [11]:

dt,,

(Tgrdr agIGt,H)AW t qp-w = Mpr,w dt tdewg + dcwg T Qrwg (7)

e The energy balance for the Basin
The equation for the basin liner energy balance is [12]:

dT
(Tgrwrdr abIGt,H)Ab =M, Cp,b d_tb + dcp—w t Qioss (8)
e Hourly productivity

Productivity per hour, the water vapor mass flow rate per unit time I/m2hr is
determined by:

_ qewg _ hewg (Tw-Tg)

™ = "hrg hfg ©)
e Energy efficiency
Nen, The instantaneous efficiency of a solar still is calculated by:
Nth = ((he,wg X (Tw - Tg))/(IGt,H)) (10)
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¥

READ
Physical state of system
My Cp g, Ag,ag, éw , €g ., My, CPw, ttw, Aw, My, Cp 1, @, Ap Ky, Lp, Ki, Li

¥

Initial values for Global Solar Radiation and Temperatures
Ty, Tw Th, DALTA L ,FAI, Gama, hi

a

Calculation Of Global Solar Radiation And Ambient Temperature
lo=Ig +lgt I
Ta=Tav+(Tmax-Tav)*Sin(Ph

Call RK4 (XH(1), Tg(1), Tw(1), Th(1), Ta,
1Gyy, IGeg, XH(1+1), Tg(I+1), Tw(1+1), Th(1+1),
mu(l), Maa(1), A1,C1,D1)

ASSIGN
Tg(1+1), Tw(1+1), Tb(1+1)

Main program

ASSIGN

Subroutine RK4(XH ,Tg, Tw, Th,
[ = Ta, IGyy, IGg,XH1,Tngl, Tnwl, Tnbl,Tnul, Tnsl,my,Mgay, A1,C1,D1)
Enerav Balance

¥

Function AL(XH, Tgi, Twi, Tbi, Ta, IGy, IG)
Function C1(XH, Tgi, Twi, Tbi,Ta, IGy, IG,)
Function D1(XH,Tgi, Twi, Tbi,Ta, IGy, IG,g)

k 2

WRITE
XH(1), IGeg(M,1), IGyg; (M,1), Tg(M, 1), Tw(M, 1), To(M, 1), Tu(M, 1), Ts(M. 1)

>

Figure 1. diagram of simulation Model

3.RESULTS AND DISCUSSION

This paper presents the simulation results obtained from the above mentioned
formulae for conventional Solar Still model. Firstly, the calculation has been carried
out of the monthly average of the hourly global radiation incident on tilted and
horizontal surfaces and the monthly average of the hourly ambient temperature in the
city of Tripoli as hourly values. Therefore, there has been a calculated amount of the
monthly average of the hourly global radiation incident on tilted and horizontal
surfaces through the entire year for four independent months, which represent each of
them in the four seasons of January, April, July, and October of the year at the city of
Tripoli, by employing Fortran95 (A compiled, language for scientific and numerical
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computing released in 1997) for carrying out the analysis. Secondly, calculation of
glass, water, and basin temperature for Solar Still under conditions the four seasons
January, April, July, and October, with theoretical water productivity in liter per
meter square hour, Also, cumulative production per day and instantaneous efficiency
of simple solar distiller. Considering the depth of water inside the distillation basin is
1 cm. The simulation was conducted at different months January, April, July, and
October of the year .Where, have selected day-time hours started from the eight in the
morning to the eight in the evening, from 8 Am to 20 Pm.

Global solar radiation incident on tilted and horizontal surfaces consists of ground
reflected, diffuse, and direct radiation .certainly; here we know that global solar
radiation received by an inclined and horizontal surface is summation for these rays.
Figure (2) for month January (a), April (b), July (c) and October (d) respectively,
present the monthly average of the hourly global solar radiation incident on tilted 35°
and horizontal surfaces in the city of Tripoli for month January, April, July, and
October that represent the four reasons, against the whole year. Where Global solar
radiation was calculated, maximum values for month January for a cloudless sky were
over 1058 W/m* and 639 W/ m?® for tilted surface 35° and horizontal surface,
respectively, month April were over 1214 W/m? and 1035 W/m? for tilted surface 35°
and horizontal surface, respectively, month July were over 1033W/m? and 982W/m?
for tilted surface 35° and horizontal surface, respectively, and month October were
over 1195 W/m? and 847 W/m? for tilted surface 35° and horizontal surface,
respectively. These values completely accept the reference [13] for horizontal surface.

Figure 3. Shows the variation between glass, water and basin temperatures and
hourly variations for month January (a), April (b), July (c) and October (d), where
glass, water and basin temperatures linearly increases during first hours of the
daytime, especially, when the solar radiation is increased. The glass, water, and basin
temperatures turn at certain value of hours of the daytime, this means that
temperatures depend on the solar radiation and ambient temperature. Note that the
Global solar radiation incident on tilted surface 35° was used to calculate the energy
equation for the glass tilted an angle of 35°, while the Global solar radiation incident
on horizontal surface was used in both energy equations for the water and the basin.

Where can be watched the maximum basin water and basin temperatures in the
distillation basin were computed and found to be 71.032 °C and 74.749 °C
respectively for conventional solar still with increases of ambient temperature for the
month of July. The solar radiation during this period (the first hours and the last of the
daytime) consist of diffuse solar radiation and reflected solar radiation only relative to
tilted surfaces according to inclined angles and vertical surfaces. This represents the
importance of having a good model for these components.
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Figure 2. calculation of the monthly average of the hourly global solar radiation incident on
tilted and horizontal surfaces for month January (a), April (b), July (c) and October (d).

On the other hand, the results mentioned predict an increase in productivity due to
the difference in temperatures between the water in the distillation basin and the glass
cover (Ty-Ty).

Figure 4 illustrates the change in hourly productivity of a conventional solar still.
We note from the figure that the productivity of a conventional still is 0.537 I/m2hr,
1.292 I/m2hr, 1.303 I/m2hr and 0.935 I/m2hr as maximal value during midday for
different months January, April, July and October of the year respectively, as we
observe an increase in the evaporation and distillation processes, and thus, an increase
in the productivity of the solar still, with the conventional distillation device stopping
work at 19:00 PM.

Variation of cumulative productivity from conventional Solar Still for January,
April, July, and October, basin water depth 1cm is represented in Figure 5. The
cumulative productivity was 3.042 liters/m?/day, 8.621 liters/m?/day,8.945
liters/m2/day, and 5.664 liters/m?/day from 08:00 am to at 09:00 PM for January,
April, July, and October respectively. The effect of solar hours of daylight on the
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thermal efficiency of the solar still cycle on various the four seasons January, April,
July, and October
are shown in Figure 6. This indicates that the effect of ambient temperatures and
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Figure 3. predicted temperatures from a mathematical model for conventional solar still for
October, basin water depth 1cm for month January (a), April (b), July (c) and October (d).

hourly global solar radiation are relatively little. Increasing radiation levels with good
design affects the productivity and efficiency of the Solar Still. Also it can be said, the
decrease in the amount of solar radiation after 3:00 pm, while the temperature of the
water layer inside the distillation basin liner remains high, makes the efficiency at this
time almost constant and the curve does not slope downward at the end of the day.
The highest hourly thermal efficiencies were achieved for the four months of January,
April, July, and October: 0.438, 0.497, 0.695, and 0.476, respectively.
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Figure 4. Hourly variation productivity for
the conventional solar still for January, April,
July And October, basin water depth 1cm

4.Conclusion

This paper presents a qualitative study in the
city of Tripoli and to the extent in which
available resources can be utilized. A
simulation of a conventional Solar Still was
conducted, and consequently, evaluative and
estimated results were obtained to establish a
preliminary basis for practical experiment

and model, and subsequent large-scale
implementation by finding a suitable
location, and taking into account the

economic and design perspectives.  As
several Solar Stills can be built with the
addition of a heat source to fill the night-time
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Figure 5. Variation of cumulative productivity
from conventional solar still for January, April
,July, and October, basin water depth 1cm
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Figure 6. Variations of instantaneous efficiency
from conventional solar still July, and
October, basin ,for January, April
water depth 1cm

and effectiveness of the Stills. In any case, the results in this paper were indicative,
predicting the possibility of desalinating drinking water and treating it microbially
(sterilizing water) after collection. According to this study, the total productivity from
8:00 am. to 18:00 pm for the months of January, April, July, and October was 3.042

liters/m?/day,8.621
respectively.

liters/m?/day,8.945

liters/mz/day,

and 5.664 liters/m?/day

40
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Abstract

A material's density, which is calculated by dividing its mass by its volume, is one
of its fundamental characteristics. However, it might be challenging to determine a
correct density for some rock types. Numerous factors contribute to this challenge,
including the material's uneven volume, porosity, moisture content, permeability, and
the absence of a precise definition of density.

Accurately estimating the overall volume of the rock core is the primary challenge
in calculating its bulk density. We did not look only into four popular methods for
determining a material's bulk density. But also looked at the problem of the rock core
becoming saturated with moisture. A variety of seven distinct types of rock were
used for this testing, ranging from extremely permeable sandstone and blast furnace
slag with a significant amount of internal pore space to highly competent granite and
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dolomites. In addition we looked at four distinct approaches that are frequently used
to calculate a material's bulk density.

These techniques included the caliper method, wax immersion, instantaneous
water immersion, and wax-shrink wrap immersion. The wax-immersion method was
found to be the most accurate of the four techniques examined. This resulted from the
liquid waxes' capacity to closely conform to the sample's surface pores, providing the
most precise estimation of the sample's volume.

Key words: density rock, porosity, hydrocarbon reservoir rock, bulk density.

Introduction

Density, which is calculated by dividing mass by volume, is a fundamental
characteristic of a substance. Although the definition is simple, it can be challenging
to determine a material's density in some situations. [1] For instance, items made up
of irregular shapes that are highly broken and composed of numerous fragments
might make it challenging to calculate an exact volume and, consequently, the
density. Most of the time, determining the object's volume rather than its mass
presents a major obstacle to establishing an exact density.

The mass term in determining a material's density is simple, but the volume term
can be challenging. For instance, the basic geometric equation for a cylinder can be
used to calculate the volume of a rock core that has been cut on both ends to form a
cylinder. Once the mass or weight has been established, the diameter and length of
the core can be measured with a caliper, and a density can be computed. [2]
However, this is predicated on the very general assumption that the rock's surface is
flawlessly smooth and devoid of any flaws or voids. This assumption is incorrect for
the majority of materials because nearly all samples will have some surface
irregularity, which can change the volume when thinking it is a cylinder. Certain
materials may have smooth surfaces with few voids along the surface, but other
materials with rough surfaces or deeply seated surface pores may have an impact on
the volume calculation, which in turn may have an impact on how accurately a
material's density is determined. [3]

Bulk density is defined as a sample's density that takes into account both the soil's
solid particle percentage and its internal and surface pore space. [4]. Although there
are now a number of techniques for figuring out a sample's bulk density, they might
not work across a broad variety of sample sizes, porosities, and permeabilities. This
idea is distinct from particle density, also known as specific gravity, which is the
density of the substance's constituent particles excluding the sample's voids.
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This assumption is incorrect for the majority of materials because nearly all
samples will have some surface irregularity, which can change the volume when
thinking it is a cylinder. Certain materials may have smooth surfaces with few voids
along the surface, but other materials with rough surfaces or deeply seated surface
pores may have an impact on the volume calculation, which in turn may have an
impact on how accurately a material's density is determined.

Although there are now a number of techniques for figuring out a sample's bulk
density, they might not work across a broad variety of sample sizes, porosities, and
permeabilities. This idea is distinct from particle density, also known as specific
gravity, which is the density of the substance's constituent particles excluding the
sample's voids.

The following figures illustrate the distinction between bulk density and particle
density (specific gravity). A material made of solids is depicted in Figure 1 [5],
where the void space is divided into an inter-particle void volume and a "surface"
pore volume. Only the material's internal pores are taken into account when
calculating bulk density. As a result, the volume calculation of bulk density does not
account for the material's surface pores.

Surface Pore Volume I

Inter-Particle Void Volume

Solid Particles

Figure 1 a sample showing the difference between the different void volumes [5]

Only the solid half of the sample is represented by the particle density, which is
directly correlated with a material's specific gravity. Consequently, the voids in the
material are not included in the particle density, which is calculated by dividing the
particle mass by the particle volume. Figure 2 illustrates this. [6]
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L1 \/oid Volume

é" (Vy)

Solid

Particles
—) |_~] Mass (M) and
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Particle Density
= M./Vs

Figure 2 a particle density of a core sample [6]

When working with aggregates, the problem of precise bulk density, particle
density, and absorption measurements may also arise. If the specifications of the
aggregate used in a concrete mix are not determined correctly, it can lead to issues
with the mix or the use of the incorrect aggregate, which can result in improper
concrete attributes including a loss in concrete strength. Additionally, determining
the mass of aggregate based on a volumetric measurement might have major issues if
the bulk density of the material is not calculated correctly. there are several automated
and manual methods for determining both the bulk and particle density of a material.
For example, an automated helium pycnometer, which uses helium gas to calculate a
material's volume; it can also be used to calculate a material's specific gravity or
particle density [7]. Although they are sometimes restricted to smaller sample sizes
of 1000 cm3 or less, helium pycnometers are commonly employed in industry. The
density of a particle can be determined with extreme accuracy using the helium
pycnometer.

Additionally, very accurate estimates of a material's bulk density can be obtained
via automated bulk density devices. The problem with both of these techniques,
however, is that the equipment's size restrictions make it challenging to gauge the
density of normal rock core produced by routine drilling operations. Usually
measuring one to two inches in diameter and varying in length, typical rock cores
cannot typically be analyzed without being broken down to fit into the instruments.

(8]

Rock cores from mining exploration projects can be used for a variety of purposes,
such as determining the strength, metallurgy, and mineral content of the ore.
Additionally, it is usually necessary to preserve a portion of the core for archiving
purposes. Quartering is the process of cutting the core into quarters in order to
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achieve this. Generally speaking, a rock core's bulk density needs to be ascertained
before the core is quartered since it becomes a crucial metric for figuring out how
much ore is in the body. Because the rock core is swiftly cut and shipped out for
investigation once it is obtained, the density determination must be completed

promptly. [9]

The following are some of the problems with the techniques used to determine the
bulk density of rock core. First, if further testing is required later on, the procedure
must not harm the core. Second, the core must not be contaminated by the process.
This is crucial to the mining exploration sector, but it is less significant in the
aggregate sector. Determining the mineral composition of a sample requires the
ability to assay it at a later time. Third, the technique must be adaptable to a broad
range of rock types and offer a rapid and cost-effective way to determine the density
of the rock core. Fourthly, The technique must yield a precise result, be repeatable,
and not rely on the operator. [10].

The primary techniques for calculating the bulk density of rock core are still done
by hand, and only a small number of these techniques may be applied to larger,
irregular rock fragments.

There are no thorough guidelines to adhere to that deal with the possible problems
in determining an accurate bulk density. For instance, a sample with a lot of surface
pores will require a different treatment than a sample with little to no open pore space.
Similarly, a sample that is highly permeable will need different testing than a rock
that is nearly impermeable.

Methodology

Seven different types of rocks were used to investigate four methods for
determining the bulk density of rock core, as well as the particle density (specific
gravity) and the surface-saturated-dry density, which are used in the design of a
concrete mix. The rocks were chosen to help represent a wide range of porosities,
pore structures, permeability, and hardness.

The following four techniques were assessed for determining the bulk density of rock
core:

(1) caliper method
(2) instantaneous water immersion

(3) wax immersion
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(4) wax-shrink wrap immersion

Preparation and Description of Rock Types

Making sure that a wide range of geologic origins, porosities, hardness, and
permeability were represented was one of the main objectives while choosing the
rocks for this project.

A 1 7/8-inch diameter was used to core the samples. By securely fastening the
rock to the drill press, care was taken to reduce the likelihood of any lateral
movement of the rock in order to help limit any variances in the diameter of the cores.
Additionally, bits were routinely examined to make sure there was enough cutting
edge left to readily core the rock. After that, a rock saw was used to cut the cores into
a 2:1 ratio. It was sometimes impossible to achieve a true 2:1 ratio. One explanation
for this was that the original rock from which the core was extracted was either too
thin to yield a core of the right length or broke into multiple pieces during the cutting
or coring procedure. The sample was made from the largest length of core that
remained in both situations. Following testing and cutting, the samples were dried in
an oven set at 110°C for 24 hours (x 4 hours). This was done to guarantee that all
calculated densities were dry densities and to exclude any retained moisture in the
sample.

Results and Discussion

The bulk density test results by kind of rock are shown in Tables 4-1 through 4-7
below. The given value is the mean of the caliper technique, instantaneous water
immersion, wax immersion, and wax-shrink wrap immersion tests.

The Wax-Immersion method was found to be the most accurate of the four
methods tested for bulk density testing. This technique is effective because the wax
coating closes off the rock's surface pores, preventing water from penetrating and
absorbing into the rock sample. Additionally, the Wax-Immersion process can be
used with ease to materials that are extremely broken, fragmented, or prone to
disintegration.

It should be mentioned, nonetheless, that the Instantaneous Water Immersion
approach would be equally accurate for some rock types whose interior structure is
highly impermeable or lacks considerable surface pores. For instance, because
sandstone is a highly permeable rock type, it was challenging to get an accurate figure
for the suspended weight during the Instantaneous Water Immersion trial because the
scale kept recording a larger weight as the water seeped into the sample. These made
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it extremely difficult to determine the bulk density of the sandstone. Nevertheless,
the results for the Wax Immersion method and the Instantaneous Water Immersion
method were nearly equal when examining the granite and brack dolomite samples,
both of which had significantly lower porosity and permeability.

It is evident from looking at Table 4-1 and comparing the Wax Immersion and
Water Immersion columns that the two bulk densities are typically different by
roughly 0.03 g/cm3. The two values coincide in other more competent rock types,
like granites and some of the Various Carbonates section. This is because there are
no surface pores and therefore low permeability and porosity values. Due to the
erroneous suspended weight measurement caused by water seeping into the rock
cores, the Water Immersion method produced a density that was lower than the real
bulk density value in nearly every kind of rock examined.

The key limitation of the Wax-Shrink wrap Immersion method is how hard it is to
get rid of all the trapped air between the rock’s surface and the shrink wrap while it is
being wrapped. It was feasible to obtain a reasonably secure wrap on rocks without
substantial surface pores, such granite or sandstones. However, the overall error in
determining the bulk density of the air and water-cooled slag samples increased with
the depth and size of the surface pores. This was partly because the plastic could not
be used to completely enclose the pores' inside. For several of the cores without
substantial surface holes, The Caliper technique yielded highly accurate results. This
contrast was particularly noticeable for the blast slag samples, which did have
relatively big holes. The results were extremely accurate and typically within 0.01
g/cm3 of one another in other more massive rock types, such granite.

Table 4-1 bulk density results for Rock Type (Granite)

Sample no Bulk Results by Method (g/cm?®)
Density
Caliper | Instantaneous Wax Wax-Shrink Wrap
Water Immersion Immersion Immersion
Method
Granite 1 2.65 2.64 2.66 2.62
Sample no | Caliper | Instantaneous Wax Wax-Shrink Wrap
Water Immersion Immersion Immersion
Method
Granite 2 2.64 2.63 2.66 2.60
Granite 3 2.64 2.64 2.64 2.58
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Table 4-2 bulk density results for Rock Type (brack Dolomite)

Sample no Bulk Results by (g/cm®)
Density Method
Caliper | Instantaneous Wax Wax-Shrink Wrap
Water Immersion | Immersion Immersion

Method

brack 2.66 2.65 2.69 2.63

Dolomite 1

brack 2.66 2.72 2.71 2.65

Dolomite 2

brack 2.73 2.70 2.75 2.68

Dolomite 3

Table 4-3 bulk density results for Rock Type (hamada Dolomite)

Sample no Bulk Results by (g/cm®)
Density Method
Caliper | Instantaneous Wax Wax-Shrink
Water Immersion Wrap Immersion
Immersion Method
hamada Dolomite 1 | 2.67 2.61 2.69 2.46
hamada Dolomite 2 | 2.77 2.77 2.74 2.61
hamada Dolomite 3 | 2.44 2.45 2.44 2.50
Table 4-4 bulk density results for Rock Type (Dolostone)
Sample no Bulk Results by (glcm®)
Density Method
Caliper Instantaneous Wax Wax-Shrink
Water Immersion | Immersion | Wrap
Method Immersion
Dolostone 1 2.56 2.78 2.78 2.64
Dolostone 2 2.73 2.80 2.77 2.67
Dolostone 2 2.70 2.74 2.74 2.67
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Table 4-5 bulk density results for Rock Type (limestone)

Sample no Bulk Results by (g/cm®)
Density Method
Caliper Instantaneous Wax Wax-Shrink
Water Immersion Wrap
Immersion Method Immersion
Limestone 1 2.29 2.40 2.35 2.22
Limestone 2 2.32 2.45 2.37 2.27
Limestone 3 2.28 2.40 2.35 2.26
Table 4-6 bulk density results for Rock Type (Sandstone)
Sample no Bulk Results by (g/cm®)
Density Method
Caliper | Instantaneous Wax Wax-Shrink  Wrap
Water Immersion | Immersion | Immersion
Method
Sandstone 1 2.11 2.18 2.14 2.06
Sandstone 2 211 2.18 2.15 2.10
Sandstone 3 2.10 2.17 2.13 2.03

Table 4-7 bulk density results for Rock Type (Calcite)

Sample Bulk Results by Method  (g/cm®)
no Density
Caliper | Instantaneous Wax Immersion | Wax-Shrink Wrap
Water Immersion Method Immersion
Calcite 1 | 2.11 2.27 2.20 2.09
Calcite 2 | 2.16 2.37 2.27 2.12
Calcite 3 | 2.07 2.31 2.17 2.02

Tables 4-8 to 4-14 show the results of the two particle density methods tested
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Table 4-8 particle density results for Rock Type Granite

Sample Helium  Pycnometer  Results | Saturated Surface Dry
(g/em®) Method (g/cm?)
Granite 1 2.64 2.64
Granite 2 2.64 2.65
Granite 3 2.64 2.64
Table 4-9 particle density results for Rock Type brack Dolomite,
Sample Helium Pycnometer | Saturated Surface Dry
Results (g/cm®) Method (g/cm?)
brack Dolomite 1 2.68 2.68
brack Dolomite 2 2.68 2.70
brack Dolomite 3 2.75 2.75
Table 4-10 particle density results for Rock Type hamada Dolomite
Sample Helium Pycnometer | Saturated Surface Dry
Results (g/cm®) Method (g/cm?)
hamada Dolomite 1 2.80 2.68
hamada Dolomite 2 2.80 2.74
hamada Dolomite 3 2.81 2.71
Table 4-11 particle density results for Rock Type Dolostone
Sample Helium Pycnometer Results | Saturated Surface Dry
(g/cm®) Method (g/cm?®)
Dolostone 1 2.83 2.77
Dolostone 2 2.83 2.78
Dolostone 3 2.83 2.37
Table 4-12 particle density results for Rock Type limestone
Sample Helium Pycnometer Results | Saturated Surface Dry
(g/cm®) Method (g/cm?)
Limestone 1 2.93 2.39
Limestone 2 2.96 2.32
Limestone 3 2.95 2.30
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Table 4-13 particle density results for Rock Type Sandstone

Sample Helium Pycnometer Results | Saturated Surface Dry
(glem®) Method (g/cm?®)
Sandstone 1 2.65 221
Sandstone 2 2.64 2.13
Sandstone 3 2.65 2.13
Table 4-14 particle density results for Rock Type Calcite
Sample Helium Pycnometer Results | Saturated Surface Dry
(glem®) Method (g/cm?®)
Calcite 1 2.76 2.19
Calcite 2 2.86 2.22
Calcite 3 2.95 2.14

The results of testing during a 24-hour period are shown in the following graphs.
The core samples were fully submerged in water during this time, and every one to
four hours they were taken out and weighed to determine how much water weight had

been added.

Each sample should ideally reach a point at which its weight is no longer rising.
This will take place throughout the course of twenty-four hours. The red line, which
represents the material's real porosity, is also displayed on the Figures (3) to Figures
(16) with different lithology. The bulk density from the Wax Immersion technique
and the particle density from the Helium Pycnometer were used to compute this as
shown in table 4-8 to 4-14.
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Conclusion

Density seems like a simple concept to comprehend. in its most basic form, it is a
pretty easy-to-understand notion. Just divide an object's mass by its volume. But
things may rapidly get complicated when you start adding other elements like
porosity, permeability, absorption rates, pore diameters, and the processes that create
the samples themselves. Accurately determining a sample's volume is essential
because most items in the field of geotechnical engineering do not fall into ideal
geometric shapes.

When that amount is multiplied to reflect a significant mass or volume,
inaccuracies as small as 0.05 g/cm® can often result in broad errors. The biggest
obstacle to any of these measurements, out of all the methods explored, is the constant
presence of human error. This is particularly true when numbers need to be chosen
fast, like in water immersion tests when the submerged weight needs to be determined
before the water starts to penetrate the sample.

All things considered, the Wax Immersion method is the suggested approach for
figuring out bulk density. The question of whether there is another viable technique
for determining particle density should be investigated further.
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Abstract
This research aims to explore the determinants of the success of startups in Libya

during their early stages of establishment, in light of an unstable economic and
political environment and a limited institutional structure. Startups rely on innovation
and the effectiveness of the founding team to achieve their sustainability and growth
in the local market, but they face major challenges including limited funding, weak
infrastructure, and the complexity of the legal and regulatory framework. The
research was based on the descriptive-analytical approach, with the analysis of
secondary data drawn from academic studies and official reports to assess the internal
and external factors affecting the success of these companies. The analysis focused on
the efficiency of the founding team, the quality of the organizational structure,
marketing and financing strategies, innovation, as well as the impact of the economic
and political environment, legislative framework and infrastructure. The results
showed that the success of startups is linked to the integration of internal and external
factors, where team efficiency, visibility, innovation, availability of financial and
technical resources are the most important internal factors, while political and
economic stability, institutional support and legal framework are crucial elements of
external factors. The weakness of any of these determinants increases the likelihood
of early failure, while their balanced support enhances the chances of survival and
sustainable growth. Based on the results, the researcher recommends developing
supportive legislative policies for startups, strengthening financing and institutional
support programs, developing technical infrastructure, and encouraging innovation
through incubators and business accelerators, focusing on integrated enterprise teams
and flexible operational strategies to ensure the sustainability and growth of these
projects in the Libyan market.

Keywords: entrepreneurship, start-ups, determinants of success, founding team,
Stages of establishment

Introduction

The entrepreneurial environment in Libya is an emerging environment in its early
stages of formation, which has promising elements for growth and innovation despite
the great challenges it faces. Awareness of the importance of the private sector as an
essential pillar for the diversification of the national economy has increased, which
has led to a growing interest among young people in establishing start-up companies
that provide innovative solutions and products that meet the needs of the local market.
However, this environment continues to suffer from weak legal and regulatory
frameworks, difficulty in obtaining financing, the absence of supporting
infrastructure, as well as the volatility of the political and economic situation, which
makes the probability of failure of startups in their early stages high compared to
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global levels. In this context, the need to study the determinants of the success of
startups in Libya emerges as an essential step to understand the factors influencing
their viability and growth within a volatile economic and political environment. The
economic literature suggests that the success of startups depends not only on the
quality of the idea or innovation, but on a set of interrelated internal and external
determinants. Internal factors include the competence of the founding team and the
integration of its expertise, clarity of vision and strategy, the ability to turn innovative
ideas into marketable products. External factors include the legal and regulatory
environment, the competitive environment, and the level of institutional and funding
support, which are crucial elements in enhancing the chances of success and
sustainability, especially in the early stages with high sensitivity to resources and
risks. Startups in Libya are facing multiple challenges as a result of political and
economic instability and weak institutional structure. Entrepreneurs suffer from
limited funding, difficult access to markets, and the absence of effective incubator and
accelerator systems. Poor infrastructure, divergent economic policies, and lack of
management experience also limit the ability of these companies to compete and
grow. Despite this, in recent years, government and private initiatives have begun to
emerge that seek to support the entrepreneurial spirit, through microfinance programs,
innovative competitions, and partnerships with regional and international institutions,
indicating the beginning of a positive transformation in the business environment. The
study of the determinants of the success of startups in the Libyan context is of
particular importance, as it contributes to filling a clear knowledge gap in the
literature on entrepreneurship in unstable environments. Most of the previous studies
focused on advanced economies with well-established institutional structures, which
makes the application of their results in Libya limited effective. Hence, this research
seeks to comprehensively analyze the factors influencing the success of startups
during their early stages of establishment, focusing on the local specificity that
characterizes the Libyan market in terms of regulatory conditions, economic
challenges, and available resources. The research also addresses a number of key
dimensions, including: the importance of innovation in meeting the needs of the local
market, the role of government and private financing in empowering startups, the
impact of the competitive environment on survival and growth strategies, in addition
to the role of supporting institutions in developing skills and building entrepreneurial
capabilities. Thus, this research aims to identify and analyze the determinants of the
success of startups in Libya during their early stages, highlighting the organizational,
administrative, financing, and market factors that have a direct impact on their
performance. It also seeks to provide an analytical framework and practical
recommendations that can be used by government agencies and entrepreneurship
support institutions in formulating effective policies and programs to enhance survival
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and growth opportunities. Understanding these determinants represents a strategic
step towards building a sustainable entrepreneurial system capable of contributing to
the advancement of economic and social development in Libya during the next stage.

Research Problem

Startups represent one of the most critical engines for economic
diversification and job creation in Libya, particularly amid the public sector's
limited capacity to absorb the growing number of graduates. According to the
UNICEF Labor Force Survey (2023), the number of Libyan youth (aged 15—
24) is estimated at approximately 1.1 million, with an unemployment rate
among them reaching about 51.4%. Meanwhile, the OECD Economic
Diversification Report (2025) indicates that the non-oil private sector provides
less than 12% of total employment opportunities. Despite the evident
importance of entrepreneurship and startups as a vital pathway to harness this
potential, local and international indicators reveal that success rates for these
ventures in their early stages do not exceed 15-20%, with the majority of
projects closing within the first two years of establishment. This points to a
stark gap between anticipated potentials and the actual performance of this
sector..Financial data and banking indicators highlight a clear weakness in the
supportive financing environment for startups. World Bank data discloses that
the share of bank financing directed toward small and medium-sized
enterprises (SMEs) in Libya does not exceed 17% of GDP, compared to a
regional average of approximately 56%. Non-performing loans in Libyan
banks have stabilized at around 20% since 2011, reflecting elevated risk levels
and stringent credit policies. This challenge is exacerbated by the ongoing
closure of the Real Estate Registry Office since 2008, which hinders the
provision of tangible collateral to banks; additionally, some banks require
100% insurance coverage of loan values, alongside the absence of Sharia-
compliant financing products specifically designed for startups. Despite the
Central Bank of Libya's directives in 2022 and 2025 mandating banks to
allocate 10% and then 20% of their investment portfolios to SME financing,
these instructions have not translated into actual funding due to the lack of
appropriate evaluation mechanisms and suitable financial frameworks and
products. On the infrastructural and institutional front, data from the
International Telecommunication Union indicate that population internet
penetration in Libya does not exceed 22%, in contrast to high mobile phone
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penetration (90-95%), which limits startups—particularly tech-based ones—
from effectively leveraging digital solutions. Administrative corruption and the
complexity of import and registration procedures, as noted in the U.S.
Department of State's report (2024), emerge as key barriers to the inflow of
capital, equipment, and technologies essential for new ventures. These factors
intersect with a regulatory environment characterized by the absence of a clear
legislative framework governing startups, innovation, and intellectual
property, coupled with weaknesses in the incubating institutional infrastructure
(business incubators, accelerators, and specialized advisory centers). In
response, the government has launched several initiatives in recent years, such
as the "1000 Entrepreneurs and 1000 Projects" program and the "Solution
Skills for Startups" workshops in late 2025, aiming to bolster youth
entrepreneurship. However, these initiatives still lack an official, systematic
database enabling precise understanding of success or early failure factors.
Moreover, most local studies have focused on microfinance or micro-
enterprises, without delving into the institutional and strategic challenges
confronting high-growth startups in their initial stages. The elevated failure
rates of startups in Libya are attributed to a complex interplay of internal and
external determinants. Internally, issues such as the absence of a clear, viable
business model; deficiencies in the founding team's administrative, financial,
and marketing competencies; limited organizational capabilities; and weak
capacity to attract skilled human resources stand out. Externally, structural
obstacles manifest in political and economic instability, fragility of the
legislative and regulatory framework, infrastructural deficits (electricity,
internet, logistics services), and ineffective support systems for institutions and
financing. Although scattered references to these factors appear in government
and international reports and select academic studies, the Libyan scientific
literature remains devoid of a comprehensive, in-depth systemic study that
delineates the relative weight of these determinants and explicates variations in
survival and growth opportunities among early-stage startups. Accordingly,
the research problem crystallizes as a knowledge and practical gap, embodied
in the absence of a comprehensive scientific analytical framework that
precisely identifies the core internal and external determinants influencing the
survival and growth prospects of startups in Libya during their initial years,
within an environment marked by economic and political instability and weak
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legislative and institutional structures. The primary research question is thus
formulated as follows:

What are the principal determinants influencing the success of startups
during their early stages in Libya?

This primary question branches into several sub-questions that the study seeks
to address:

« What organizational and skill characteristics of the founding team are
positively associated with project continuity in the early years?

« How do early operational and marketing strategies impact growth rates and
sustainability?

« What is the importance of access to financial, human, and technological
resources in supporting startup survival during the first two years?

o What is the impact of the external context (economic, technological,
regulatory, and social) on the success probabilities of startups?

« What are the most prominent internal and external determinants that explain
variations in success opportunities among startups within the Libyan
environment?

Consequently, this research aims to bridge this gap through a systematic
analysis of the determinants affecting startup success in Libya, thereby
providing actionable recommendations for policymakers and support entities
to contribute to building a more effective and sustainable entrepreneurship
ecosystem.

Research Objectives

This study aims to analyze the determinants of startup success in Libya during
their early stages of establishment, by examining internal and external factors
influencing their survival and sustainability. The purpose is to provide a theoretical
framework and practical recommendations that contribute to the development of the
entrepreneurial ecosystem in the country. The specific objectives of the research are
as follows (Amir, Al-Jazzar, Ragheb, & Hamid, 2025)

e To explore and analyze the key determinants contributing to the success of startups
in their early establishment phase in Libya, through investigating internal and
external factors affecting their survival and growth.
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e To analyze internal factors related to the characteristics of the startups themselves,
such as the quality of the founding team, business model, level of innovation, and
adaptability to market changes.

e To analyze external factors associated with the Libyan business environment,
including the availability of financing, governmental support, infrastructure,
political and economic stability, market size, and competition level.

e To evaluate the role of the founding team’s competence in terms of experience,
diverse skills, professional networks, and leadership capabilities in enhancing
startups’ survival prospects and early growth.

e To study the impact of understanding the local market, customer needs, and the
ability to develop innovative solutions tailored to the Libyan context on startup
success.

e To measure the effect of the availability of financial resources and support in
enhancing the sustainability and scalability of startups.

o To analyze the impact of the business environment and legislative framework on the
competitiveness of startups in Libya and their capacity for development and
continuity.

e To assess the role of innovation and technology in enabling startups to achieve a
competitive advantage within the local market.

e To analyze the influence of regulatory frameworks, government policies, and
political and economic stability on the performance of startups during their early
phases.

e To propose practical recommendations directed at policymakers, support
institutions, and entrepreneurs, aiming to improve the startup ecosystem and
enhance their chances of success and sustainability.

e To contribute to enriching the academic literature on entrepreneurship in emerging
economies, especially in environments facing institutional and economic
challenges, with a focus on the Libyan context.

Research Significance
First: Significance for Society

This research enhances societal awareness of the pivotal role of startups in
promoting economic diversification, innovation, and employment in Libya. By
identifying early-stage success determinants, it supports the design of effective
policies and support programs that foster a stable and attractive business environment,
contributing to sustainable economic and social development.

Second: Significance for the Researcher

The study strengthens the researcher’s academic and analytical capabilities
through an applied examination of the Libyan entrepreneurial context. It enables
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meaningful contribution to a strategic economic issue and supports the development
of specialized expertise relevant to future academic and professional advancement

Third: Significance for Science

This research enriches entrepreneurship literature by addressing a clear
knowledge gap in developing contexts such as Libya. It contributes to a deeper
understanding of early-stage startup success factors and provides a foundation for
future empirical and comparative studies, enhancing both theoretical and practical
insights.

Research Methodology

This study relies on the descriptive-analytical approach as the most appropriate
method for exploring the determinants of startup success in the early stages of
establishment in Libya. This methodology allows examining the phenomenon within
its real context and analyzing internal and external factors influencing the growth and
sustainability of startups, contributing to a comprehensive scientific understanding of
the variables affecting the Libyan entrepreneurial environment. The research was
based on reliable secondary sources, including:

o Official reports issued by government agencies and economic institutions
concerned with entrepreneurship and startups in Libya.

e Published academic studies and peer-reviewed scientific articles related to
entrepreneurship and startup management.

o Institutional data and information derived from official websites, annual reports,
and specialized articles.

o Documents, organizational policies, and economic regulations impacting the
investment and entrepreneurship environment in Libya.

Data collection and analysis methods involved gathering secondary data classified

into key themes such as economic, regulatory, managerial, and technical aspects
influencing startup success. The researcher applied qualitative and comparative
analysis to identify common patterns and causal relationships among different factors,
enabling extraction of core determinants explaining the opportunities for success and
sustainability in the foundational stages.
To ensure scientific objectivity and reliability, the researcher diversified data sources
and validated their accuracy through cross-comparison, while adhering to ethical
standards in scientific research. The study results are limited to startups in their early
establishment phase within the Libyan context, which may restrict the generalizability
of findings to more mature environments or stages. However, it provides a solid
analytical framework that can be used in future studies to deepen understanding of
factors affecting startup success and sustainability.
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Previous studies

Local studies

1) Al-Mahdawi (2021) "challenges of entrepreneurship in Libya" a descriptive
analytical study on 150 entrepreneurs, identified political instability as the biggest
obstacle by 87%, the difficulty of bank financing by 78%, with poor infrastructure
affecting 65% of projects.

2) Al-zintani and Al-Amami (2019)" small and medium enterprises in Libya " a field
study in three cities, highlighted the complexity of the lengthy legal framework for
incorporation, the lack of management expertise among the founders, and the
importance of family networks as a safety net and support.

3) Tripoli Consulting Research Center (2020): focused on the technical sector and
showed that 70% of its projects failed early, due to lack of qualified personnel and
difficulties in collecting cash, with the success of mixed models (local/global).

4) Benghazi University (2022) "human factors for the success of startups"
emphasized the superiority of the founder's flexibility over academic experience,
that a harmonious work team increases the chances of success by 40%, and that
family projects are more sustainable during crises.

International Studies

1. The United Nations Development Program (UNDP, 2022) in the report
"entrepreneurship in fragile contexts”, noted the shift of 68% of Libyan youth
towards entrepreneurship as an alternative to public employment, with the
effectiveness of social media marketing.

2. The International Labor Organization (ILO, 2021) has made concrete
recommendations for the Libyan environment, including the establishment of
Integrated Services offices (One-Stop Shop), granting tax exemptions, and
establishing financing partnerships with the oil sector.

3. The World Bank (2020) "business environment indicators” in its regional
comparisons, put Libya in a lagging position in the ease of starting a business, with
a large gender gap and a dominant informal economy accounting for 60% of
activity.

4. Factors (2023) comparative study "Libya, Tunisia and Morocco™ highlighted the
specificity of the Libyan context, where 90% rely on self-financing, and family
networks play a pivotal role, with a weak prevalence of technology companies
compared to the Maghreb countries.
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Concept of Startups
Startups, emerging from entrepreneurial ideas and materializing into real projects,

are fundamental drivers of economic growth and strategic focal points for future

planning. Due to their increasing importance in both developed and developing
economies, multiple theoretical approaches have emerged to define them, leading to

varied and specialized conceptual frameworks, notably (Kuratko & Morris, 2021).

o The entrepreneurial definition (uncertainty condition): Eric Ries, a prominent
theorist in this field, in his book The Lean Startup, offers a functional definition
describing a startup as "a human institution designed to create a new product or
service under conditions of extreme uncertainty” (Ries, E., 2011). This definition
emphasizes that the entity aims to launch an innovative product or service within a
risky and ambiguous business environment.

e The general descriptive definition: The Oxford Dictionary simply defines a startup
as "a newly established business™" (Oxford Dictionary, 2024), a broad definition
lacking structural or functional characteristics specific to startups.

e The methodological definition (search and repeat): Steve Blank, one of the
founders of Lean Startup Management, provides the most common academic
definition, stating that "startups are temporary organizations designed to search for
a scalable and repeatable business model" (Blank, S., 2013). This perspective
highlights the temporary nature of the entrepreneurial entity dedicated to
exploration and learning.

e The growth-oriented definition: Paul Graham, in his renowned article on growth,
focuses on the dynamic dimension, defining a startup as "a company designed to
grow fast" (Graham, P., 2012). He stresses that the single defining feature of a
startup is rapid growth, regardless of sector technology or otherwise or the mode
of financing, whether venture capital or other means.

e A comprehensive terminological definition: Startups can be defined as small,
newly formed institutions characterized by flexibility, aiming to introduce
innovative products or services to fulfill the needs of a large market. They bear
high risk and uncertainty while striving for rapid growth and potential to generate
substantial investment returns (Alsharif, Esmail, & Alsabe, 2025).

Historical Startup

The term (Startup) has become one of the most frequently used concepts in recent
years, regarded as a modern economic model aligned with rapid global
transformations and technological advancement related to the Fourth Industrial
Revolution and the knowledge economy. Despite its widespread use, the term is
sometimes confused with other concepts such as small and medium enterprises,
especially in developing contexts. The emergence of the term Startup is historically
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linked to the mid-20th century, coinciding with the rise of venture capital financing
and the proliferation of small businesses following World War 11, although academic
literature of that time did not officially record its use. The first known appearance of
the term was in 1976 in an article published in Forbes titled Investing in the
Unfashionable Business Field: Data Processing Startup. It appeared again in 1979 in
an article in Business Week titled An Incubator for Startup Companies, Especially in
the Fast-Growth, High-Technology Field, which addressed startups in high-growth
technology sectors. In 1981, researcher David Birch added a social and economic
dimension to the term in his study The Job Generation Process, emphasizing the vital
role of small and newly founded enterprises in job creation, especially amid economic
shifts and rising unemployment in the United States. Additionally, researchers Everett
Rogers and Judith Larsen helped solidify the modern meaning of the term through
their book Silicon Valley Fever: Growth of High-Technology Culture, linking Startup
to the distinctive features of Silicon Valley companies: technological innovation,
reliance on venture capital, and pursuit of rapid expansion through innovative
business models. Since then, the term Startup has become a global symbol for
modern, fast-growing, innovation-driven companies (Sevilla-Bernardo, Sanchez-
Robles, & Herrador-Alcaide, 2022).

Concept of Startups in the Libyan Context
The concept of startups gains increasing importance within the Libyan context due

to the national economy’s ongoing transformations and challenges during the phase of
reconstruction and development. Given the limited economic diversification and
Libya’s historical reliance on the oil sector, there is a growing need to support
entrepreneurship initiatives and startups as strategic tools to achieve sustainable
development and diversify national income sources. Startups in Libya operate within
an environment characterized by high economic and institutional instability, alongside
weak technological and financial infrastructure. Nevertheless, recent years have
witnessed notable growth in the number of entrepreneurial initiatives and business
incubators, especially in the fields of technology and digital services. This progress
has enhanced awareness of innovation as an economic value and encouraged youth to
establish small enterprises based on creative ideas that meet local market needs while
aligning with global trends. Studying startups in Libya represents a promising
research area, as it helps understand the determinants of their success and the
obstacles they face in early establishment stages. This, in turn, contributes to
proposing supportive policies for the entrepreneurial environment and empowers
entrepreneurs to achieve growth and sustainability amid challenges (Alsharif, Esmail,
& Alsabe, 2025).
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Types of Startups
Startups vary according to their nature, objectives, and growth levels, and can be
classified into the following main types (McCarthy, Brown, & Zhao, 2023)
e Tech Startups:
Focus on modern technologies such as artificial intelligence, software, and e-
commerce, characterized by high innovation capacity and rapid global growth.

o Social Startups:
Aim to achieve positive social impact alongside profitability by addressing
community issues like unemployment, poverty, and education, while maintaining
financial sustainability.

« Sustainable Startups:
Strive to balance economic, environmental, and social dimensions by adopting
environmentally responsible practices that support sustainable development.

o Rapid Growth Startups:
Created with the purpose of fast local and international expansion, relying on
repeatable business models and often supported by venture capital investors.

« Traditional Small Startups:
Concentrate on the local market to achieve financial stability and steady
income without pursuing large-scale expansion, e.g., restaurants, shops, and craft
services.

o Scalable Startups:
Built on a successful business model that can be replicated efficiently across
multiple markets, especially in technology, education, and digital services sectors.

o Research-Based Startups:
Founded on scientific research results or technological innovations, often
originating from universities or research centers, with the goal of converting
knowledge into commercial products.

Characteristics of Startups
Startups represent a prominent feature of the modern economy, characterized by
high flexibility, rapid growth potential, and innovation. They are newly established
entities seeking to exploit market opportunities through innovative and
unconventional means. As a modern institutional model emerging amid digital
transformations and technological innovation, startups possess distinct features that
differentiate them from traditional businesses (Grieco, 2024)
o Newly established entities with high growth potential:
Startups are early-stage organizations with significant capacity for rapid growth
and expansion. They can generate revenues exceeding operating costs in short
periods, granting them a competitive advantage and increasing their chances of
becoming leading firms.
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Reliance on technology and innovation:

Startups leverage digital solutions and modern technologies as the foundation of
their operations. They build on innovative entrepreneurial ideas responding to
market needs in novel ways, often benefiting from business incubators and
accelerators to develop products and scale.

Low operational and startup costs:

These companies typically have lower operating and capital costs relative to their
potential returns, making them attractive to investors seeking limited risk with
high returns.

Flexibility and adaptability:

Startups demonstrate a strong ability to adapt to economic and environmental
changes due to their simple organizational structures and operational flexibility.
They contribute to local development, market expansion, and quick responses to
shifts in the business environment.

Success Factors for Startups

Startups aim to provide innovative products or services that meet local market
needs and address economic and social challenges, but face obstacles like funding
shortages and intense competition. Their success and sustainability depend on
several essential factors, notably (Nasseri, 2024)

Clear vision and objective:

Defining a clear vision and an innovative, executable idea is fundamental for
success. It enables the startup to direct its resources toward specific goals and
effectively meet market demands.

Competent founding team:

Having a complete and experienced team committed to the project is crucial for
turning ideas into successful ventures. Collaboration, management, and marketing
skills enhance the startup’s ability to compete and innovate.

Strategic planning:

Developing a realistic and comprehensive business plan is a cornerstone of
success. It allows precise market and competition analysis, well-designed financial
and marketing strategies, and flexible risk management.

Flexibility and adaptation:

The ability to adapt to environmental and technological changes is essential for
sustaining startups. Flexibility allows adjusting plans and business models to
match developments in local and global markets.

Financial management and funding:

69

Gharyan Journal of Technology (2025), 1(11), 57-85



Adell Youniss Ali Ankoa

Sound financial management and securing adequate funding are key success
enablers, ensuring operational stability and growth continuity through careful
financial planning and diversification of capital sources (Souissi, 2025).

Reasons for Startup Failure
Despite several factors contributing to startup success, there are common reasons
leading to failure, including (Jain & Ali, 2023)

o Lack of skilled human resources: Failure to attract qualified and skilled employees
negatively impacts team performance.

e Loss of motivation and passion: Weak drive among founders or the team reduces
the capacity to overcome challenges.

o Limited financial resources: Insufficient funding or running out of capital causes
operations to halt.

e Intense competition: The presence of strong competitors may restrict the
company's market share.

o Poor product or service quality: Delivering products or services that fail to meet
customer expectations lowers demand.

o Absence of a target market: No real need for the product or service results in
project failure.

o Flaws in the business model: Poorly designed business models affect sustainability
and profitability.

e Inappropriate pricing: Inability to set appropriate prices and costs reduces
competitiveness.

e Launching at the wrong time: Introducing the product or service at an unsuitable
time decreases chances of success.

o Team conflicts: Internal disputes impair performance and decision-making.

e Weak financial and administrative planning: Poor resource management and lack
of managerial expertise weaken the company.

o Insufficient market research: Inadequate market analysis and understanding of
customer needs hinder competitive ability.

e Lack of experience and specialized team: Absence of a diverse and skilled team
limits growth and sustainability.

Steps to Establish a Successful Startup
Creating a startup is a systematic process requiring strategic planning and
organized execution, summarized as follows (Zhao & Wang, 2022)

o Idea identification and feasibility study: Begin by defining an innovative idea that
meets market needs or exploits available business opportunities, followed by a
comprehensive feasibility study to evaluate viability and success potential.
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o Developing the business plan: Craft a detailed business plan outlining the idea,
objectives, target audience, competition analysis, organizational structure, and
marketing and financing strategies.

o Choosing the legal structure and registering the company: Select the appropriate
legal form (e.g., sole proprietorship, limited liability Company, or joint-stock
company), complete registration, and obtain necessary licenses.

o Securing funding: Identify available funding sources, including personal capital,
investors, loans, or startup support programs.

o Setting up infrastructure and human resources: Acquire required physical and
technological resources and build a competent team to support company
operations.

e Product or service development: Design and develop offerings aligned with
customer needs and preferences, emphasizing quality and efficiency.

o Launching and marketing: Start official operations and implement comprehensive
marketing strategies to reach the target market and boost brand awareness.

o Performance monitoring and analysis: Regularly track financial and operational
results, analyze data to pinpoint strengths and weaknesses, and develop continuous
improvement strategies.

Key Determinants of Startup Success

The success of startups in Libya depends on the integration of internal
determinants related to organizational and managerial competence with external
determinants linked to the economic and institutional environment. Together, these
factors create a supportive framework for growth and sustainability during the early
stages of establishment. The main determinants affecting startup success in Libya’s
early phases can be classified into interacting internal and external factors that
influence the ability of these companies to grow and sustain. These determinants are
grouped under the following categories (Alsharif, Esmail, & Alsabe, 2025)

First: Internal determinants
1. Characteristics of the founding team:

The distinctive characteristics of the founding team are fundamental factors that
determine the success trajectory of a startup during its early stages of establishment.
This team forms the core foundation upon which the project vision and its strategic
execution are built. Their prior experiences, administrative and innovative skills, and
their ability to make strategic decisions significantly influence the project's direction
and achievement of its objectives. The success of the startup in its initial phases
largely depends on the quality of the founding team in terms of competence,
integration, leadership, harmony, and learning capacity. These properties form the
basis that enables the company to achieve growth and sustainability in an
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environment characterized by high risks and challenges. The most prominent of these
characteristics can be identified across several primary dimensions discussed in
academic literature on entrepreneurship, as follows (Amer, Al-Jazaa, Raghb, &
Hamida, 2025):

Efficiency and practical experience:

Practical experience and technical and managerial knowledge of the team
members are crucial for transforming the idea into an executable project. The more
varied and comprehensive the team's expertise in management, marketing, finance,
and technology, the higher the chances of making sound strategic decisions and
achieving sustainable growth.

Skills and specialization integration:

Cognitive diversity and skill integration among team members enhance the
company's ability to face various challenges encountered during the initial phases
of establishment. Having a team with members from different specializations
contributes to enriching decision-making processes and increases problem-solving
efficiency through creative and innovative methods.

Leadership and strategic vision:

Effective leadership is a decisive factor in guiding the team toward achieving its
goals. The founding leader who possesses a clear vision and a defined strategy can
inspire motivation within the team and foster harmony in collective performance.
Clearly articulated vision also helps in prioritizing work and directing resources
toward high-value activities.

Harmony and mutual trust:

The level of internal harmony and mutual trust among team members is a
significant factor affecting startup stability. Trust enables free exchange of ideas,
reduces internal conflicts, and fosters a spirit of cooperation and shared
responsibility toward the project's objectives.

Ability to adapt and learn:

Startup environments are characterized by high instability and continuous change,
necessitating the founding team to have intellectual flexibility and readiness to
learn quickly from experiences and mistakes. The ability to adapt to technological
and market changes is a critical factor in the company's continuity during its early
stages.

Commitment and entrepreneurial motivation:

High commitment and intrinsic motivation are essential characteristics that
distinguish a successful founding team. A strong belief in the project's feasibility
and its objectives positively reflect on the persistence of efforts and overcoming
financial or organizational difficulties typically faced by startups.

. Organizational Structure and Operational Management
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Operational and marketing strategies are pivotal elements in determining the
growth trajectory and sustainability of startups during their early stages. They serve as
the implementation framework through which entrepreneurial vision is translated into
measurable practical results. The success of these strategies depends on their
accuracy, flexibility, and ability to align limited resources with available market
opportunities. Additionally, clarity in organizational structure and the effectiveness of
operational management contribute to enhancing performance -efficiency and
optimizing resource utilization. Early operational and marketing strategies form
integrated components of the organizational structure and operational management,
interrelated to reinforce internal efficiency and direct performance toward achieving
growth and sustainability, as illustrated in the following areas: (Kuratko & Morris,
2021)

o Impact of Early Operational Strategies:
Operational strategies contribute to building the administrative and
organizational foundation of the company by defining roles, responsibilities, and
effectively allocating resources, ensuring discipline and operational efficiency.
Adopting flexible operational systems supported by continuous performance
assessments helps improve productivity and adapt to market changes. It also
fosters an organizational culture based on quality and responsibility, which
enhances investor confidence and supports sustained growth.

o Impact of Early Marketing Strategies:
Early marketing strategies are crucial for building the company's identity and
establishing its competitive position. Precise market needs analysis and target
audience identification enable the development of innovative value propositions
that facilitate market penetration and the initial customer base. Additionally,
early marketing serves as a means to generate market knowledge, supporting
product development and fostering long-term customer relationships.

o Integration of Operational and Marketing Dimensions:
The integration of operational and marketing strategies is a fundamental
condition for achieving a balance between internal efficiency and external
responsiveness. Organized operations support marketing effectiveness by
ensuring product quality and supply continuity, while analytical marketing
provides feedback that guides operational decisions. Therefore, firms adopting an
integrated, analysis-based, and flexible approach have greater opportunities to
attain sustainable growth and a long-term competitive advantage.

3. Finance and Financial Resource Management

Access to financial, human, and technological resources is a fundamental factor
that determines a startup’s ability to succeed during its early stages. These resources
form the foundation upon which the company’s operational and organizational
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structure is built, enabling the founding team to translate the entrepreneurial vision
into measurable practical outcomes. Adequate financing provides liquidity to cover
operating costs, fund product and service development, and support marketing
activities, thereby enhancing the capacity to face early financial risks. Meanwhile,
human resources ensure the possession of the necessary skills and expertise to
manage operations, stimulate innovation, and build a strong organizational culture
based on commitment and quality. Technological resources enable the company to
improve product quality, accelerate operational processes, gather and analyze market
data, and adopt innovative solutions that increase efficiency and competitive
advantage. Accordingly, balanced and flexible availability of these resources
contributes to enhancing performance efficiency, accelerating growth, and ensuring
the company’s sustainability in a dynamic and complex business environment. Their
importance is reflected in the following aspects: (Al-Hammadi, 2021)
» Financial Resources:
Financial resources are the lifeblood of a startup, enabling it to:
Cover core operating costs such as rent, salaries, and production supplies.
Finance product and service development, ensuring market competitiveness.
Support early marketing activities that help build an initial customer base.
Provide the capacity to face financial emergencies or unexpected market
changes, enhancing sustainability during the initial instability phase.
= Human Resources:
Human resources play a pivotal role in achieving the startup’s objectives by:
o Providing the necessary skills and expertise to efficiently manage operational
and marketing processes.
o Enhancing innovation capability through multidisciplinary teams that
creatively solve problems.
o Building a strong organizational culture based on commitment and quality,
increasing team cohesion and reducing turnover rates.
o Enabling gradual expansion without affecting performance quality or
operational stability.
= Technological Resources:
Technological resources are essential for supporting innovation and
increasing operational efficiency by:
Improving product and service quality and reducing operational errors.
Accelerating development and production processes, allowing the company to
meet market demands rapidly.
o  Collecting and analyzing market data to facilitate strategic decisions based on
accurate information.

O O O O
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o Enabling the company to leverage modern technologies in marketing,
operations management, and customer interaction, which enhances
competitiveness.

4. Innovation and Product Development:

Innovation and product development constitute critical determinants of the success
of startups, representing a primary mechanism for achieving differentiation and
competitive advantage in a dynamic business environment. Companies that invest in
innovating new products or services can more effectively meet market needs, which
contributes to attracting and retaining customers. Continuous innovation also enables
adaptation to technological and market changes, opening new markets and increasing
revenue streams. Furthermore, focusing on product development enhances the
company's reputation and attractiveness to investors and encourages a culture of
creativity within the team, supporting long-term performance and sustainability.
Innovation and product development are fundamental elements that cannot be
overlooked in the growth trajectory of startups, as they contribute to differentiation,
strengthening competitive capacity, and achieving long-term market sustainability.
Their importance can be summarized in the following points: (Al-Zoubi, 2020).

e Achieving a Competitive Advantage:

Innovative products or services help the company stand out from competitors by

providing new solutions that better meet customer needs, increasing customer

retention and attracting new segments.

e Responding to Market and Technological Changes:
The current business environment is characterized by rapid change. Continuous
innovation in product development allows companies to adapt to emerging trends
and market demands, enhancing their resilience and flexibility.

o Creating Additional Growth Opportunities:
Developing new products or improving existing ones opens new markets and
increases revenue sources, contributing to expanding the customer base and long-
term growth.

o Enhancing the Company’s Reputation and Attractiveness to Investors:
Innovative companies are perceived as more capable of growth and success,
making them attractive to partners and investors and increasing their market value.

e Fostering a Culture of Creativity and Innovation within the Team:
Focusing on product development boosts the creative spirit among team members
and motivates them to devise innovative solutions to challenges, supporting
overall company performance.
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Second: External Determinants
1) Legislative and Regulatory Environment:

The legislative and regulatory environment plays a central role in determining the
success opportunities for startups during their early stages. The presence of clear
laws, supportive policies, and simplified procedures for company establishment helps
reduce administrative and bureaucratic barriers, which accelerates market entry and
lowers operating costs. Additionally, legislation that protects intellectual property,
regulates taxes, and encourages investment provides a safe and stimulating
environment for innovation and growth. In contrast, a complex or unstable legislative
environment can limit startups’ ability to expand, attract funding, or sustain
operations, increasing the risk of failure in the initial phases. Therefore, the legislative
and regulatory environment is crucial in shaping the success potential of startups in
their early stages by determining how easily a company can be established and
sustained. This determinant can be broken down into the following components: (Al-
Sharif, Ismail, & Al-Sobhi, 2025).

e Clarity of Laws and Policies:

Clear legislation provides a stable legal framework that facilitates entrepreneurs in

establishing their companies without major administrative complexities, reducing

the time and costs needed to launch.
o Intellectual Property Protection:

Laws protecting patents, trademarks, and copyrights help startups innovate

confidently and ensure their ideas are not exploited by competitors.
e Tax and Financial Legislation:

Fair and flexible tax systems encourage investment and reduce financial burdens,

allowing startups greater latitude to focus on growth and expansion.
o Ease of Access to Finance and Investment:

Policies that promote local and foreign investments and support incubators and

accelerators increase the chances of startups obtaining essential financial resources

during their early phases.
o Stability and Institutional Regulation:

A stable regulatory environment reduces risks related to sudden legal changes,

thereby enhancing the company’s sustainability and its ability to plan for the long

term.
2) The Economic and Political Environment

The economic and political environment refers to a set of external factors,
including government policies, political stability, inflation rates, economic growth,
financial and tax legislations, as well as the support from government institutions and
the private sector for startups. This environment forms the overall framework within
which startups operate and directly influences their capacity for growth and
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sustainability. It plays a vital role in the success of startups, as it represents the
external context that shapes their opportunities for expansion and endurance. This
determinant encompasses multiple factors affecting a company's ability to establish
itself, attract funding, and broaden its operations. Its significance can be summarized
as follows: (Faraahi, 2025).

Economic Environment:

Economic Growth:

The overall demand for products and services impacts opportunities for startup

expansion.

Inflation and Interest Rates:

Rising inflation or interest rates increase financing costs and reduce purchasing
power.

Availability of Finance and Investment:

The accessibility of venture capital and concessional loans influences the ability of

startups to develop their products and services.

Economic Infrastructure:

Advanced infrastructure (transportation, communication, energy) facilitates

operational processes and reduces costs.

Market Opportunities:

A stable economic environment provides greater chances for successful marketing

of products and services.

Securing Funding:

Supportive policies and economic stability attract investors and ease obtaining

essential funding.

Reducing Operational Risks:

Political stability and clear legislation minimize legal and administrative risks.

Stimulating Innovation:

Policies that encourage entrepreneurship offer more space for startups to

experiment with new ideas and develop innovative products.

Political Environment:

Political Stability:

Stability boosts confidence and encourages investment, while instability increases
risks and limits success opportunities.

Legal and Regulatory Framework:

Labor laws, intellectual property protections, and company formation regulations
directly affect the ability to establish and manage projects.

Supportive Entrepreneurship Policies:

Government support programs, tax incentives, and financial facilitation contribute
to faster startup growth.
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e Corruption and Bureaucracy:

These negatively impact decision-making speed, increase operational costs, and

hinder access to essential resources.
3) Infrastructure and Technology

Infrastructure and technology play a pivotal role in determining the success
opportunities of startups, especially in their early stages. These companies rely on the
availability of essential resources and modern technologies to develop their products
and services and ensure continuity of operations. Infrastructure and technology
represent a decisive factor in startups’ ability to establish themselves and achieve
growth in their initial phases. The success of these companies heavily depends on the
availability of physical and technological resources that enable efficient operations
and the development of innovative products that meet market needs. Therefore,
infrastructure and technology form the framework that enables startups to operate
efficiently, develop innovative products and services, and effectively reach markets.
The quality of infrastructure particularly in telecommunications, transportation,
logistics, and technology significantly influences operational efficiency and the
companies' ability to access target markets. The impact can be summarized as
follows: (Al-Atwai, 2022).
e Enhancing Operational Efficiency:

Basic infrastructure such as transportation networks, energy, and
telecommunications provide the suitable environment for highly efficient
operational execution. Modern technological systems contribute to process
automation, inventory management, and supply chain management, reducing
operational costs and increasing production speed.

o Enabling Innovation and Product Development:

Digital technologies, software tools, and cloud computing empower startups to
develop new products and services faster and at lower costs. Data-driven research
and analysis help understand consumer behavior and market trends, supporting
informed decision-making and reducing risks associated with new product
launches.

o Facilitating Market and Customer Access:

Digital infrastructure enables access to local, regional, and international
markets through e-commerce and digital marketing. Communication and digital
trading platforms support effective interaction with customers, gathering feedback,
and rapidly improving products, thus increasing chances of success in early stages.

e Increasing Competitive Advantage:

Advanced technology improves product and service quality, giving the

company a competitive edge in the marketplace. Effective use of modern
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technologies also enhances the company’s reputation and its ability to attract
customers and potential investors.
¢ Reducing Operational Risks and Ensuring Sustainability:

Institutional infrastructure, such as business incubators and research centers,
provides technical and administrative support to startups, minimizing risks related
to daily operations. Operational stability supported by modern technologies
improves management of financial and human resources efficiently, boosting the
company’s chances for long-term continuity and growth.

4) Market and Competitive Environment

The market and competitive environment is a critical determinant of early-
stage startup success, encompassing market size, demand characteristics, competition
intensity, market maturity, and economic and technological shifts (McCarthy, Brown,
& Zhao, 2023). Favorable market conditions characterized by sufficient demand,
opportunities for differentiation, and manageable competition enhance startups’
growth and sustainability. Understanding local consumer needs, monitoring
competitors, and adopting flexible, innovation-driven strategies are essential for
market penetration and early success, particularly in contexts with limited traditional
marketing channels, such as Libya. This determinant can be broken down into the
following components:

o Market Size, Type, and Growth Potential:
oLarge markets characterized by steady demand for products or services provide
greater opportunities for startups to test ideas and achieve rapid growth.
oSmall or limited-demand markets may constrain company expansion and
complicate early profitability, potentially weakening sustainability.
e Nature of Competition:
oA high number of competitors or strong companies forces startups to offer
distinctive added value or innovate products/services to attract customers.
oln low-competition environments, startups may benefit from relative market
monopoly but must monitor risks like rapid new entrant arrivals.
o Customer Trends and Market Needs:
oUnderstanding consumer behavior and actual needs helps design products or
services aligned with expectations, increasing market acceptance.
oContinuous changes in consumer tastes or market demands require a high
capacity to adapt and rapidly develop products.
e Technological and Innovation Factors:
o Startups capable of leveraging modern technology to enhance their products or
services often gain competitive advantages facilitating early success.
olgnoring technological advancements or innovation risks falling behind
competitors and losing growth opportunities.
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o Economic and Structural Market Factors:
olndicators such as economic growth rate, consumer purchasing power, and
availability of marketing channels directly affect a startup’s ability to scale
operations.
o Economically unstable markets or those with flexible regulations may present
additional challenges for early-stage startups.
Conclusion
Based on the analytical findings and scientific conclusions of this research, it is
clear that the success of startups in Libya during their early establishment phases
represents a complex and multidimensional process, in which institutional, economic,
social, and organizational factors interconnect in an integrated manner. The study
demonstrated that the absence of a clear legislative and regulatory environment, weak
technical infrastructure, and lack of funding represent the most prominent challenges
limiting the ability of entrepreneurial projects to grow and sustain. The results also
revealed that political and economic instability, coupled with inadequate institutional
support and government programs, constitute structural obstacles that directly affect
the entrepreneurial climate and reduce the attractiveness of the Libyan market for
both local and foreign investors. Conversely, the study showed that internal factors
such as the efficiency of the founding team, the ability to innovate, and developing
products suited to local market needs play a pivotal role in enhancing survival and
growth opportunities within an environment characterized by uncertainty. It became
evident that projects with founding teams possessing comprehensive managerial and
technical expertise, adopting strategies based on innovation and adaptability, are
better equipped to overcome challenges and achieve medium- and long-term
sustainability. The research also concluded that, despite the many challenges Libya
faces, the country holds promising potentials and opportunities in fields such as
digital economy, renewable energy, smart agriculture, education, and technical
services. These sectors could serve as vital pillars for the growth of startups, provided
that a supportive institutional and regulatory environment is established. This affirms
that building an effective entrepreneurial ecosystem cannot be achieved without
structural reforms encompassing legal, economic, human, and technological aspects
simultaneously.  Reviving the entrepreneurship sector in Libya requires a
comprehensive national vision grounded in the principles of transparency, good
governance, and role integration among various stakeholders, including the
government, private sector, universities, and financial institutions. It also demands
adopting stimulating economic policies, developing digital.

Research result
1. Weak legislative and regulatory framework
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The results showed that the absence of a clear legislative system regulating
startups in Libya is one of the most important structural obstacles to their success.
Slow registration and licensing procedures, complicated administrative processes,
and the absence of effective intellectual property protection laws have all been
found to weaken the ability of startups to quickly and safely enter the market. This
result is consistent with what was confirmed by the reports of the OECD (2025)
and the World Bank (2020) about Libya's low ranking in the ease of doing
business.

Insufficient financing system and high credit risks

The results showed that limited access to finance is one of the most critical
challenges for entrepreneurs, as more than 80-90% of founders rely on self-
financing according to comparative studies. The high non-performing loan ratios
(20%) and the tightening of banks ' credit policies, coupled with the continued
closure of the Land Registry, also reflect the absence of a risk-supportive
financing environment. Local studies have confirmed that the difficulty of bank
financing is a major obstacle for 70-80% of start-ups.

Weak technical and institutional infrastructure

The results indicate that the lack of technical and communication infrastructure—
in particular, limited access to the internet (only 22%)—directly affects the
operability and expansion of startups, especially technical ones. The limited
number of incubators and accelerators and the absence of specialized guidance
centers limit the ability of projects to obtain the necessary technical and
administrative guidance.

Economic and political volatility and market instability

The results revealed that political and economic instability is a highly influential
external determinant, as it leads to reduced demand, fluctuating liquidity, and high
levels of risk, which hampers the sustainability of startups and weakens their
ability to attract partners or investors. The UNDP report (2022) confirms the rising
trend of young people towards entrepreneurship out of necessity and not out of
opportunity.

. The importance of the competence of the founding team and diverse

administrative capabilities

The results showed that the founding team is a pivotal element in the success of
projects, as its flexibility, diversity of managerial, financial and technical skills,
and internal homogeneity are associated with a high probability of survival by up
to 40% according to local studies. The lack of operational and marketing expertise
remains a major factor in the failure of projects during the early years.

The role of innovation and business model in enhancing competitiveness
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The results show that adopting innovation-based strategies and developing
products and services that meet the needs of the Libyan market gives companies a
clear competitive advantage, especially in the technical and service sectors. It was
also found that the mixed business models (Local/Global) indicated by the Tripoli
Research Center (2020) have higher chances of success.

. Clear gaps in training and entrepreneurial capacity building

The results showed a significant weakness in training programs for
entrepreneurship, and the lack of specialized training in business planning,
resource management, digital marketing, or preparing business models. This
shortage has contributed to an increase in early failure rates, especially among
young people who lack work experience.

Weak effectiveness of government and institutional initiatives

Despite the multiplicity of government initiatives such as the 1000 entrepreneurs"
program, the results indicate that their impact is limited due to the absence of
follow-up and evaluation mechanisms, poor coordination between supporting
entities, a scarcity of financial and tax incentives, and the absence of official
databases that can be relied upon for decision-making.

Unfair competition and monopolization of some sectors

The results showed that the absence of legislation regulating competition and the
monopolization of certain economic activities by large players limits the
opportunities for startups to expand. The informal economy, which accounts for
60% of economic activity, is also an additional stress factor that weakens the
competitiveness of organized enterprises.

10.Promising growth opportunities in emerging sectors

The results confirmed the availability of great opportunities in sectors such as
digital services, renewable energy, education, smart agriculture, and logistics.
However, taking advantage of these opportunities requires a stable political and
regulatory environment, an innovative financing system, and effective institutional
support.

Research Recommendations

1.

Reform of the legislative and regulatory framework

Issuing legislation for startups, including: simplifying the establishment
procedures, adopting a unified digital portal (One-Stop Shop), regulating
investment and intellectual property, and activating competition laws to reduce
monopoly.

. Strengthening the entrepreneurial financing system

The establishment of national Financing funds for start-up companies, the
activation of the instructions of the Central Bank of Libya regarding the allocation
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10.

of percentages of investment portfolios, the development of Islamic financing
tools and guarantee solutions for financing without real estate documents.
Development of technical and institutional infrastructure

Investing in expanding internet networks and improving their quality, launching
incubators and business accelerators in various cities, and providing technical and
administrative guidance and consulting services.

Achieving economic and financial stability

Adopt holistic policies that promote price stability and liquidity, implement
reforms to improve the business environment and attract investments, and launch
programs that encourage the private sector to employ young people.

Expansion of entrepreneurial training and qualification programs

Integrating entrepreneurship in the curricula of universities and institutes, and
launching specialized training programs on the preparation of business plans,
innovation, project management, digital marketing, and financial skills.
Supporting innovation and new business models

Providing innovation financing grants, supporting partnerships between
universities and the private sector to develop knowledge and technology-based
products and services, and encouraging digital business models.

. Strengthening the incubator and accelerator system

Expand the spread of incubators and accelerators, and provide incubation
programs that extend beyond the establishment stage, including accounting
services, compliance management, networking with investors, and market
analysis.
Improving institutional coordination and building national databases
Establish a national platform for startup data, and coordinate efforts between the
government, the private sector and international organizations to ensure the
construction of an integrated and effective entrepreneurship system.
Launching a National Entrepreneurship Strategy
Formulate a comprehensive strategy that sets clear goals, performance evaluation
mechanisms, and balanced support programs targeting various stages of the startup
life cycle.

Enhancing community awareness of entrepreneurship culture
Implement awareness and media campaigns to promote the culture of initiative
and innovation, encourage success stories, and support the participation of youth
and women in innovative entrepreneurial projects.
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Abstract :

This study aimed to evaluate the financial performance of Takaful
Insurance Company using the Balanced Scorecard (BSC) as a strategic tool.
The problem stems from over-reliance on traditional financial metrics, leading
to an incomplete evaluation. The study proposes the Balanced Scorecard as an
integrated solution that combines financial and non-financial dimensions
(customers, internal processes, learning and growth) to provide a
comprehensive assessment, considering application challenges and the
necessity of developing integrated evaluation models. The study seeks to
answer how the Balanced Scorecard contributes to the comprehensive
performance evaluation of Takaful Company, how it can be adapted for
Takaful insurance companies, the company's financial performance according
to the BSC dimensions, and recommendations for performance improvement.
The study assumes that the Balanced Scorecard contributes to the
comprehensive financial performance evaluation and aims to design a model
suitable for Takaful insurance characteristics, including specialized
dimensions such as Sharia compliance. The importance of the study lies in
bridging the research gap in Takaful insurance, supporting the industry, and
promoting social solidarity and the Islamic economy.

This study also concluded that its data is reliable and there is a strong
positive perception within Takaful Insurance Company towards implementing
the Balanced Scorecard as a strategic tool. The results showed a strong and
direct positive correlation between the application of the Balanced Scorecard
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and the improvement of the company's financial performance, as the BSC
significantly contributes to explaining changes in financial performance,
making it the primary and pivotal driver of this performance and not merely an
auxiliary factor.

Keywords: Balanced Scorecard (BSC); Financial Performance; Takaful
Insurance; Profitability; Sharia Compliance; Islamic Economy; Social
Solidarity; Strategic Performance Measurement
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Aliied) Ldlial) Cilias 8 Cilusssall

Al ax-1

Gaind e 385 Cua cjlsiall 1o Ay 8 L) a1 e 13als L) aall 2y

o el 213V axdl 138 ey Jshall gaall e Lgialiind Glaas dugall Ll CalaaY)
Algdly )l Gialsag (Wl Galy 215 ¢ HLaY) Jle iladl Jie cclpdisall (o A sane A
Tl ey 30 LSy Jsmal) 51y e L) o o dgall 5508 (50 il ydgall o2a (asad

penii 3 ciggn Bl ia Aaaly dulle Cilaal slu) gl celld e 2l L Aaiiall cilasl )
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el Laidle ) w33 ) o) Alyshs 5yl bl e JS 4ng & Calaaly) o2a
sl
A5 A aoe il ) Aulial) ALl e 1o Clydine apaaty ot ¢ ) 2 Laill (5]
3235 ccadl<all (it Allall CalaaY) Gamay et G S o U Ju e Al
¢Aayed Aalle COUIAG o)) Waadl colibaall sda Jadii L) (e colailall anat o eclal )
L A (eSS §lly padlially 455l oY) Gl Adiond) cladgill e 5850 ae
Aty Ll i) bl (gsas ai lasall e Gl e 2l Jdas Ji
Gl U Asnpall Il 6181 Gl ) cclld e s dle Ll callan 3 <V Ladll
aasadl Calaal) sl 4y glhall 5l sall

ALl 45y 18 lusall (8 plsiall ¢1aY) Ay sladf Ay I axd) Jayy Juady
clleal) 3 S e Dlaall Ly Jia )il jslas o Wl laglal 550 44K i e el
) sail) (s ane ey Las (Glsis Tl ST il ol 6 Llaall o3 pgds
Sl aadl ey cCildaall Al L Aba il Sllal) ol dalad)l Dl chld DA e
AL CalaaY) Gy Gasliia 3)e8 Goiad A e dngall cilalas Lgle 5555l Gu)
(2018 Jalesal). s A1 a1

iy 20a3 LA (e @llig agndl) Aleay DLl mllas Al sae o) 128 Gy
Ading g Aonsnisall Lyl 0 Al V1 ol palaall @yl Jiay =LY (Biad Y tisasgal)
G (rstpe Lgiphpainds Lusall 68 oY «iiaa) 2flsally Ladall Jaall e Ll culal)
tosnliall oda aal (ag lgias Al # LY 2l al)
Sl gasall & gana [ Aypall any )l ila — jleiay) e xladl L]
LKL Ggia [ Apall amy el ils — KL Gsia e i) .2

Sl AL Bl slaral) o) — Andlal) dull cleadll o) — cleadl) Sl gl A 3

A Al cilessl)

Al gl /5l — Alglsiall i smsal) = dagyud) A gaud) danss .4
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(clasall) larll s il / Al sns ) ila — (lesdl) Claall Giny,y .5
e andl a2y —2

s e 2l 13a 585 Cum pilsiall o101 Adlay 8 Aplu) ol anl e Dleall axy Jiay
4iS Culadl 13 (asd) Lagilia) Gaady agilalial 4ul Glacal Leidlee 5 diall (1 4801])
Alcae daidl LG 3aiaS (s Gurig (dS5El e deniad) cilenally cilatiiall ¢Dlasll &)y
el €y ceDenll Gllas Gl PLA e Auugall g dalaill 3 5eiudl pgdas
cpgre Jo il Allad Clailyin) yyohats 3yiall agilaliial yass

e e b (Jaandl £Vslls Liayll il piipe e ceDandl day dliall <3 oY) Cil e 2o
el 5108 e Dlaall ¢ )] ¢ lialiin axding coaa ¢dae iy Gullall LgDlaxy 48,50 Ll
55ll Ll (ye dad lagles g Lae cciloaad) o colaiiall pe agiapal Jsa dyyg el clilyl
ity i’ Ae lpa Gluwsall G cilaglaall ol e 3l Aadial) deodll 8 Canalls
) saall e AS,8) Jas 500 (8 g Lee o Dlaall dad il 3)Sine Clbiasl i

eoLally HLES o Maall pdny Lal e agd LA (e 2all 1ha 8 linsall £l 3eay
Gl e ang Allady Al ALAL L agre Y] Aligh Glle ol e 58 ) dilayl
18 andy . Lehlats o sheal) aan Jgmsy Lae ¢(sDlendl e 3))3)) CRM dakail & Léiuy)
ceSanll e e (Il Biaaie dedd analllg Lgudag e Gamadiy GlS Il e (g5 Jalaall
st qiag e dal) ¥y ady o3 Liad o L)l Bafind 8 T agany ¥ 2adl 128 ()6 ¢85 (pag
Cilaa¥) 3 8 LeDlaes calSyall py A Dbl A 8al) A peal 2 ny Lao cclalyy)

(2017-5554) sl Y|
L0a0a) clled) 2y -3

5o S Sl . cplsial) o 1o A8y HUa) 6 Asadl ala) ol 00l cilleall ia

Ac same el 128 Jady Asnsall Al 5u¥) ColaaY) Baiat ac i ) Ayl Cililend) ddlad
Laliy) et ) sl ALl 510 (e loy cAaliiall Jals 2 Al lleadly collalial) e
Adgmally Ayl Talal) apant lugall gobiiad (lleall 0da s S (e ciladall ok

(20142l ISl iy 15l 555 L) cmans Las
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sansll A4S (2 LY 550 5o e Ay o)l iy alasiad Aa0al cllaad) Jlas callay
alasi) Jeusd of oS celld aila ) LAl calaiall 3 sl 5 o Uad) sy dail
e ladl) cp Jladll Jacalgil) (3aig oY) ai pand eclland) 810) i Jio cAianl) colyl
Ol A Al sl ¢ al bl Jalas g 4830 836aV1S il cl)KaN) ydiad L Aakal

bl Cagans Slaall e dad cld cilatie andi ) ga% e cllaal)

Gomall 8 Aagyudl ) pe Sl e dsnsgall 508 i IS0 2all Jay el e 50ke
i o plasal Glays i el igye ST ilileal) Jang saiasal) Graantll o Slaall il s
Calaal) ae Gl sall Jeli (e Al Jaly &N gl 33 (Jially . ublill ALGE Lol
Uali)) Jdsall o3 apen Jagiyi cAyleill 8 . A0ladg Aiglaia Jue (338 ety 3 agun Las Ayl
e lal) clleall dseal (uSas Lae cialiiall Ja)s 3 LSl Ul Aalall 535a) (raat Chags iy

(2013/2012-p3). Jalill = lasll 385
sallly alail) a2y — 4

el 13 38 i cilgiall 1o Aaad Aulul) ala) aal salls alanl) aay Jiay

Sl Gy (o L) iah Awgall Jals SIS R8sty (il sal) )l gt dsanl

il IS8 gy agile WS by (pilagall Clga Gpraaad ¢ 3 el (3l Gy 310 (gl

el alaill e eat Jee &y L) ) aadl s Caagy Auiall alall ¢ 1aY) s b

5 o) Al Lghyad 5 3ayg Bsmdl (B Aagpd) il e Asgall CoiSS Jguy Laa ¢ il
(2016—asm) ) 25

o psllly oyl 8o LiS i 3 pally Wbl g 3 dppasall sealiall aa] (e

zabpl) Allad uls ¢ plalally dalall Cuppil) cilaliial aaad Aa i) o kil Al
b (50 Y Gl o e 2B Ayl Sy il Julad DA (e L Aalaall dagletl
ASE0 Gilaal i 3 e U (pealans il o181 iy Wl 0y s Sl
o) zling e laal ) ddels i OS8 3lpall dunsi anill 13a s el e 30l

(2014~ ). i) Jlad) () A lena) e ailedl aus ) a5 Lae ¢
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e Apadl] Clpalal poaniis HLSEN) ASE 550 Ll el 13gs Ailaial) < alaall (paua
DS anasi e ol a2y cagd cSailly Suinill Gl g DA e L il gl U8
o Jery Al e sl 13 L cllaadly 213V (a5 ) Alaad) il laally 3204
e Al §gad) cilaanl lelaind Guny Lae ccailly HLSEN) e dusall 5,08 4o
G 5 el oY) (a8 had agan Y sl alaill Gl ol o) (oS oy vl
(2018 — cilagl).ale JS5 Lugall dpdlii) 5)08))

Oolsial) oY) ABUay Jas AN Lulul) paliatle

Lo 05 o amy A Bigl (o Lo sisusall dani ol () o s s Abdaal) A )
B e

Gaiad bt & o CalaaY) aiail AU Clelyals Jlad) Ao gane Jia s s Al

Maaaat e JleeY) Giluie cilee Al CalaaY)

olatly adal Jlat Cus atl il B sas o sSall Jiai Jilly 1 glaal)

Y Ca S i) cpysnas daulad slae Ayl DA e s 10

AL saanal) ilsially Lgie s b ainall Zondl i) Aty oLl A0 (i Ay 1))

(2021 -8500) . dmil i) (Gl bl

f oS bl 53 Gulall (35S0 o Gyt g «ilan ) olatly anil) olal uld (uSan s 2 aslial)

J<8 e dnny (Saall i€l euays Caagll Gaiail Aysllaall JleeY) ) clulidll Jua g Cusy

s € iindl oY) e Gl V) 8 Lo Ganlialld @aatl i) Cilaall Gaias 14 (e

L)Y (3al ac s Al

il 8 Lo iy 8 eV Gaylidd £l ) gasilly i) Ji il s ilagial)

AleSas Adayljia (S5 Cumy AV Lasaal Calaaly) cilidle Jia s rdagills ) ol
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Al dglee Jamiiy oadl il oY) ang A Janll ey Jiad a5 daliu) cljalaal)

(2021-350). Apaphasill Clygivsall e 5lasVls

el cailad)

Ll cpsia (1) Je>

lausall Olysiall (X) - gjlgiell ell &Ly 2l psiall (Y)

Xt: cllasl jghis
X2: sl Slilesll jghiio
X3: gaillg alsill jghio

X4: plall jghaiall

<big>— </big> (ule. ) Y: gl

(Reliability Test) du)all §1af el jLaal gl oYl

Lall Jalea alasia 5 clgahyial Jalall Byl dayay (Akiw) duball sl s (e oSkl

DLERY) 1aa (aagy L(SPSS)  Jlasy) Julaill maliy ddauls (Cronbach's Alpha) &Ly <

Cagyls b Leilisale) a3 o] diie s ellac) o Lgtyady 3aY) A ddise o (uld )

cdalatl) il LN (Ysaal) gy L Alilas
Laal) 51 el HLad) gl (2) Jsn

Case Processing Summary

N %
Cases Valid 58 100.0
Excluded® 0 .0
Total 58 100.0

a. Listwise deletion based on all variables in the procedure.

(3) Jo

48 ¢igall Lilas) Cronbach's Alpha

N of Items

2
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dys dalln i) (58) ads Julaill Cieimd ) Aial) ams (o (2) Jsda (e ey
bl Jlas) ) el Lae argise < gl agas ade ae i) Jlaa) (e (%100)
Leinlay Lehlas o

(0.923) #Lis S Wl Jalrs dad cily Cun Agigall Uil Aagii g ¢(3) Jsaa Wl
die ale 2oy @l Aaalal) A ) 8 Jodiall ) 2l (e Sls lan dadipe dad o
Caaad Al bl oy J30a Gy lilly R8sl (e 3)tias dap e Ja e .(0.70)
Al s e il aed Guldl) 3131 ) lelaY) (Sayg ¢ Jalail
(Descriptive Statistics) duall cfyiial Ldagl slasy) :Lili

Al lla) clalady 5l agd 0psS5 duhall @libd $ulul) jailbadll o Cgdgl
(olenal) Calyayl) ol Gunling (2lead) T gidll) 43500 dejill unlie Glua o3 (il
) sda U Jganll miagys Apuadyll Auhall il

(Descriptive Statistics) dujall ciial Ldagl slasy) (4 )ad) Jgaa

Descriptive Statistics

Mean Std. Deviation N
S el 3.6692 87155 58
Q)\;M\_c\ﬁ\_ﬁé\.k.; 3.9397 53624 58

Luhl) el Lbagl cilplany) Julas

ol med 0585 Congy et ) Ayl il Fboagl) e lanl Jilas o3l 13 ki
siall) Ll o)y (Jiiaal) puiall) (lsiall ¢189) 28Uy (ya JS olah Aupall e <l gl

il adine ls Lo o il S cCpilstall oY) Adlay ¢ Jiiall yuialy (3leiy Log
dayd sadbgly aatis o3) Lulall e alal) A aly JS 5lati dad a5 .(3.9397)
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Allads dpaaly Auml) bl a1 A8 Acliy sl ple paal s ) Al s (4) A8
CalyadV] dad (aleds) Z U] 13a 3aks AN pjlsiall o181 Alay cilles Gk
Gleas (o4 oulally el e ddlle dap0 3ay Ao Ju L ¢(0.53624) sl ) (g)kadl)
Al ) 13 o g laa) 40l GeSags (Ol i
(3-6692) ads Lula Ungia geilial) cuyelal 288 ¢ Jall 6 1aY) il piall 4oy Ul
ALl 1 o e 2l pat Lale See (uSaty calall Ay (ad Glay] dad Liad a5
s el cilS il 13¢] (gylmal) btV B of V) Aial) i dgas a ln 2ed 38,80
Jsa Luall ahdl o)l & aussl goiiy 5T i agmy (i Lae (0.87155) caaly us

Lolsial) 1AV ddlay Jsn agihl A5lhe W 618 o5

sad Al e ol dalayl laladl agag e ULl A6V seyall Cais cale (S
Ay Aol S anil) gie o b S Apagall Alaadll) o e L LegalS Aol (gyiie
3a L (cplsiall 1Y) A8y Jiieall pariall (ady Led Lulatgses i oS Gl 3 sy,
o151 Ay Alads Dhsd Y1 osidl sy of oSa oS agdl Gl aga 23 ol
e (oS La gy o Il 61 oY1 8 ST Lils Jeeny 2 il e ()l
JaaY il ol jLiss)

(Al Lpajdll HLaA) Aayall it ¢ ABDNY) Jalas < BIG

Ailias) AV b A dals)) ADle 35y o paii il Auhll Ayl Ao @l liay
Loy Jalas alasind 25 ¢ Il 6 13Y1) sl pusialy (opjlsiall o081 A8lay) Jiiall uiiall (p
eCpaaiall (G A8l olailg 398 apaat ) Julaill 13a Cangy L (Pearson Correlation) ¢ g

sl il D Jsaal) gy Alany) Wi e Sh ) 28Uy
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) 181y ¢lstall o 1Y) ABUay s Adalis ) ABDal) Julas (5) A8 Jan

Correlations

NN OJ) sl elay) dday
Pearson Correlation Sl el 1.000 .960
Ol siall ey ddla .960 1.000
Sig. (1-tailed) Sl el . .000
O sl el Adla, .000 .
N Sl elayl 58 58
Ol sial)_ela¥)_dda 58 58

psciall Gy AR 5585 Anpade (b a3 Aol Ayl A dll HLadY dgysme sl b
s i) Jeaelea alasiuly (L £1aY1) o) osialls (cpjlsiall 1Y) Ay Jiivsdl)
A Shaa) lalys @llia (1Y Lo apaas ) Julaill 1aa Caagy L (Pearson Correlation)

aaY Al A and) agai (il G

il () Bloy) Jales 3525 ¢(5) ady Jsandl 8 dasmse oo LS cJulatl) il cpelif s

3 iy il G las A Al ABe dgag e Azl Aall s2a 53 .(0.960)

AN Jaly jfsial ¢)aY) Aty il jles Gakiiy 35 g5t o)) LalS asly (ga,dall 5Ly
c Al oY) e & Ll et pa ailae IS (3815 Gl ld

«(-Sig) Lplasyl ANl (g5 (and o5 cdiaall sayls il 2D oda ol (e Xl

b i) AN (gie o S IS J Aagl) s3a o Lags +(0.000) 4ied cazly 3

Al b Uadd dags yyae Cads Bpasag

oad)s cdnhyall A1l dpia 8l Js 358 aeay (Jlaal) diall L8 (Brn Le (e 2Ly
Ao Ailian) AN s dplay) Akl ADLe dpag z WL Sa cAgle s LAy taall Ay il
lan) Lfys agay @l o i ¥ Al sda L ) el opjlsnall ol A8y oy

o Jidiall) agiall i) bl (s dilaiey LS ADLe dpay ) e J e
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AU e pandl Hlaaiy) Jaladl Gyyhll agey Lae ciiaall Ll gilially ()sial ¢13Y) ddlkay
L i) e Jiid)
(daseasd) Jfasd¥) Jalad) Mad) o)) o ¢ 5lsiall oo By AT Judas cla

hal) Jlaaiy) st ehyal o5 bl (graiia (o A kL) ABe d5ay e SH Sy
1) Al Jiiwa)l ysnd) il cae 5LsaY (Simple Regression) Lyl
e Chagy Al =gl 4y il 5080 aaay o Il 61 ol said) e (clsial
1Y) ey e 2Ly L) oloY) Ay sl LDIA e (S dpalyy 3alee oLy ) Jolal
) zdsail Ladle 6 Jpanll measys - p3lsiall

Linear

(Model Summary) laai¥) zigal 3952 anli (6) Jo2

Mode R Adjusted Std.Error R F SigF Durbin-
| R Square R the of the Square Change dfL df2 chang watson
a Estimate Estimate a g e
652.46
1 0.960 | 0.921 0.920 0.24721 0.921 6 1 56 0.000 | 0.871

A.Predictors(constant)) siall ¢)ay) aaUay
B.dependent variable: Jwll ¢12Y)

d.)&;:a ?3 ‘u.\“)_u_m” O Al M ‘éJ )\AA.N\ CJ}A.\ hcv\a} 3¢ (63w ‘ﬁ_‘s: ?S;M
(6) A Jsanl) 4 daiasall Al il
Lk 4Bl a5 e 5 al 55 1850 ((0.960) G (R) saxial) Jali V) Jalao @l Yl

Gsmen L Jalat e el (3 Aniis g ¢ Ll 21815 lsiall ola) 48Uy (s Tan 438
i)

028 i 5y Alae AV g ARl Aadine Aad 2y ¢(0.921) Atied Cazly 285 .z 35aill
DAl ) i of oSy (L) 6 1aY) il sl 8 daalad) il e %92.1 ol Al
1) Ay o e oyt Allal) Al Al s3a (05l o 1o AUy Jiaall il
AIBA A PP INORRVES. Gy v W PRPSYCORS T P S TS S SR IS MRS EO LA G A

c el Aol 23 g Laly ol g AT Jalsal 57 (%7.9 layais cdgiall Al L L3S0
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z3saill Afliany) Ay ginall (and o3 cAiriall 5oy Cud Ayl 5508l s3a o) (e aSlll
((652.466) Lgiad cazly Cun ((ANOVA) cplill Julai & Lyl (F) dad DA (e JSS
alla Jlaat zigas of S5 Aol 038 L(Sig. = 0.000) Ao (s5ine vie Lolaa] Ay a5

g o e o Wi By

.(Durbin-Watson) alsll 1Al Ll ¥ HLEA) s a5 oz dsaill 3392 Cibiasad aua
Las (2.5 = 1.5) Lilas) Jsiiall Glaill z)la 2@ dad ay ¢(0.871) HLoa¥l ded cualy s
c el zasaill e saa) Jiey Lo say (adll dgan G Cange 13 b)) asa ) ey 8
(ANOVA) jaai¥) 7 3gall bl Jalad :lsald

Ayl 2 3 gal KN Lygiaall LAY JlaadV) Glus 3 (ANOVA) (plal) Jilas ansind)

G el B e IS aaliy (O)siall ¢13Y) A8l Jiiad) ysiall OIS 13 Lea SEU
(S 1Y) ol il Jealal
Y Jiieall aad) of ) sine st JlaadV) zisai i a LY 13 (Hp ) Apdaall 3 il
() i) 3 k) e U ey
o Lisine loja yudy Jiid) paxid) oF o) gsine Jlaai¥) zhgai 1o (Hy ) Al 4l

i) g igal Ayginal (ANOVA) cplil) Julad guilis 1(7) Jsia

Sum of
Model Squares df Mean Square F Sig.
1 Regression 39.875 1 39.875 652.466 .000°
Residual 3.422 56 .061
Total 43.297 57

a. Dependent Variable: Jwll_«laY)

b. Predictors: (Constant), ¢l sil)_ela¥) 4l

g asalll L0 Ayginall JLsaly (ANOVA) il Jilas

sl LK Agpinal) o aSall dauls diloas) 315 (ANOVA) cplall Julas axdid

z3saill Ay 8508 (ol agmg pae (i ) dApdall Al HLas) DA e @llig ¢ laaiy)
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Opiae ) il sl & S eplall A5a5 Taw e duladl) 058 ((R2 = 0 o )
(Uasdl) ) cplalls ez dsaill opusiy o3 Gl 2 paasld

gana b Jadially ¢ Al AT e 8 D Gl s cdsaall G sy LS
I migal mat 285.(43.297) &b (Total Sum  of Squares) " Al culay 4l
Regression Sum of ) " jlaady) claye gsana’ il Cua (i) 138 (4 Tan 5a€ el
(ol (e 3 gaill (S Al A i) e g3l S (Llad) 4 .(39.875) s (Squares
.(3-422) dasy Tas Sl (Residual Sum of Squares) ' agall Cilayye g sens

el L) Jasgie G Al A Al Ay gunall (F) dad 8 2 Umul) a5l
Vi Rl difipe Aad a5 (652.466) daill oda caxly a5 L il ye cplall Jangiag
csial) Uasd) aaa Jila S (3585 2 3 sl g pill 550800

Aoy Lasiyall (-Sig) dglasy) ANV (gsine (g b z il digine o Sl oSS )
o =) duhall & sl ANV gise e IS B8 a5 ¢(0.000) Al oda izl 35 . (F)
.(0.05

Luld ¢ Syl (bl dahic e oy (Sig. = 0.000) csmnal) AV s5ime o Ly

g o) Alle A8y it caley L (gpina e g asall oLy AL Diaall il iy
A 508 Gliay " sl Y A8 il st ol clslas) (goine JSS jlaasy)
Ladlall i dagil oda L oY1 il il b Alealal) eyl jdi e dyjasms
) JEN G zans Las ((Goodness of Fit) culilull 4t sasa o S5 73 gaill 4dlaiadlly

A 7 gl Tl EDLabaall Jilas
(Coefficients) g igaill Adslaa sawadiy i) clalaa Julad : Lusla

il o laly ama apaan W e3all 1aa Caagy ¢ ylaniV) 7 3 sl A0KN ginal) (e oST 2ay
ALY (s IS (W eY) il jusad) e (clsiall o1aY) Alay) Jiiedl il
g 3sall) EDleles I Jgandl mimsyg . gl Lpaladiaad Sy 0 jlaad¥) Alales delua
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(Coefficients) g igaill Aalea juudiy Jlaaiy) clalaa Julas (8) a8y Jgan

MODEL Unstandardized T Sig Correlation Collinearity
Coeffcients 9 Statistics
)
Q,
3 N
g @ ) oy
o w ° S e ) <
i 3 8 °o | 2| & 5 | 3
g g 2
1(CONSTAN -2.476 .243 -10.199 .000
m
o1y A8y 1.560 .061 960 25.543 .000 960 | .960 | .960 1.00 1.0
Qlsiall 0

A.Dependent Variable:( Il ¢1Y1)
Shiaeal) il 1 awdiy Jlaady) cdlalea Julas

Jalas ) Sl Adajall oda 3 4ty (JSS JlaaiV) zdsal Ayginas Basa e 2SHN 2ny
adasy g0l SN Ay sinag bads oladl agaat Caag (Coefficients) z3 gaill 4354l EDLlaall
(AW 1Y) il snd) e (oplsiall 613V dillay) Jiiall i)

(t-test) Y dygina .1

I "eplsall 1Y) Adlay il uiadly Galall Jlaai¥) Jalee of bl oy gkl

Sig. = ) A2 st (25.543) Lgunal (1) Lad) Lad carly G ¢ ja€ I Lolias)
Sbs aaiy @lld ld (o0 = 0.05) inall (g5ivsall G Ji; 1aa AN (s5iue o Lars .(0.000
cohiing omsn 5 s Il el e pjlyial o)a) Ay afand 30 ) o e Lakals
" A ine L il ¢y olal LS L dsa sl e A sl A5 die ADle 3y e s

sl Asleall JS 8 wld 2308 el 2S5 i ((Constant)
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:(Unstandardized Coefficient — B) i) slaily aaa .2

aiad izl A ((B) (gylenall e HlaniV) Julas (and a3 ¢ SO 40 daglal) apaail
ol 358 e Gy L ss cspba 531 a5y () dslaall dmgll 3)L8Y) 5 . (1.560)
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Abstract:

A comprehensive of literature review revealed that all studies studded only the
effect of gross exports and imports on economic. But this study examined the effect
of exports components (oil and non—oil) and imports (capital, intermediate, and
consumer goods), as well as inflation, on economic growth during the period 1990-
2020. To achieve this objective, a modern econometric methodology was employed,
namely stability and cointegration tests using the Autoregressive Distributed Lag
(ARDL) model to test the long-term relationship, along with the Error Correction

Model (ECM) to estimate the short-term relationship.

The results indicated that the study variables are Integrated in first—order, and the
cointegration test results showed a long—term equilibrium relationship between them.
The error correction model also showed that oil exports, capital and intermediate
imports had a significant positive effect on economic growth in both the long —short
term, for the non-oil exports it had no significant effects on economic growth in
either the long -short term. While imports of consumer goods had not affect
economic growth in long—-term, but it has a significant negative effect in the short
term. For the Inflation, it had a significant positive effect in both the long—short term.

Therefore, the study recommends that the government promote oil exports, diversify
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the economy, ensure the availability of intermediate and capital goods, and adopt

monetary and fiscal policies to stabilize the general price level.

Keywords: Export components, Import components, Economic growth, ARDL
model, Libya.
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by (JaV) sual Gldedll e (@), @5, 05,14, €,0; ) Shsall et Cus
Leiw ecbpriall I @il I af A LJaY) Ak cldadll e (W, Wy, W3, Wy, Ws, Ws, ¥7)
salll CYare o Joaall 4 sl Laiplelll drpall Jao) G dpayle i) dxpall I s L
G Py ey Aaaiplesl) 3ypally suriall Y1 @A) Glua die zigall 8 Lasdiuall iyl
Jiay & - Ua) el (i clyiall (565 ) Jajudy ¥ il alall ae cclpiiall Lags esll Uady) el
Lad it 4503 cillaliy) 4) Galy Tl Wl Jicall (oo (olon daws 41 g3 Jlpal) Uadl) s
i) ally Ahliall 4ad Gob o o (Sa JeaY) aall w5l of ARDL 3508 meaiasy
A A ) L) e acing ARDL zsai b il JalSalls Ayl 538 8 Rliisall il

{ Hy: =W, =¥, =¥, =¥, =¥, =¥,=0..

Hy: llflqtotpzqeo%;&0%;&0%;&0%;&0%;&0

Ll sl asll golall aall (e ST T-statistics F-statistics  dad cul< 13 ¢ )l

Jil T-statistics F-statisticscias cul< 13) Ll .ljide JolS dDle dgay aday pdall dujd by

Ll culS 1Y) L it JalS ADle dgmg pdey pdall dpmp Jin Wil cdaal) ol oY) sl o

Oo dagitd) daall adll oY) aally eV sl o an T-statistics ; F-statistics 4, sl

ol ddhie Jiay GUaill 138 (¥ Cusl Alas) (S Y Xwie Pesaran& Shin, & Smith, 2001))

I lasiV) zdsat 5 Ky Auhall e G JaY) Alsh 405 ADMe dgay o ST day L anal)

Uil sl 4sie Aabray mailly Joghll cpladl ARDL z3sai &bliall de)sal diojll clsadll
.(ECM)

:JaY) sk ARDL gigai cilalea i .

Slo ol slaidY) 8 i S Ael) ciall Gueall agdll 5p3a8 ) Jilaill e anddl 38 Cangy
ok Al o ol JalSil) 13 8z 3saill Cilyia Cp jidie JalSE agag) Bl 5 cdyshall sadl)
Ll i) 2 Cage clpriall elli f saall dlsha ADe 5ay (o aailly yustiall Gl G oY)

14 Aalaall alici Al ARDL #3543 (40 400
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P7 P7 P7
LNGDPS, = [ + ZVjLNGDPSt_j + Z(DjLNNOILEXPt_j + Z“’JLNEXP ON-
j=0 j=0 j=0

+ Z €; LNIMCPT,_;

P7 P7
+ Z N;LNIMMED,_; + Z 3LNIMCON,

Jj=0 Jj=0
P7
+ Z 3 ALNINF;_j 4 4 & e cee oo vee eee e e e eee e (4)
j=0

(ECM) 1ol sty Ja¥) uusit) ARDL gigai .oy

o 5 Al el saas 5 a8y L Jighall sad) @iy iyl Uadll maas z3san i Dl

1Al sal)
P7
ALNGDPS, = B, + Z ®;LNGDPS,_;
j=0
P7 P7
+ ijALNOILEXPt_j + ZWJ'ALNEXPOH
j=0 j=0

+ z §;ALNIMCPT,_;

P7 P7
+ ) wALNIMMED, ; + ) GANIMCON.;

Jj=0 Jj=0
P7

+ ZﬁjALNINFt_j + aECT — 1
j=0

Wil ot aa £g(—1 ) oV sl Slled) e b, @5, 9), 0, 1, €7, ) Shaiall s Cam
gl b

A quitis AdBling Jolas .9

gl slasy) gl Judas oYl
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20205 1990 sle ¢ LNGDPS o=yl sl dad (1.9.) Jeadl ) kil
iad ls ¢ 18.16 & (LOILEXP) il ciplall 4ad el , 24.85 _a dad 2y 25.55 2
, 11.88 & &ad adls ¢ 15.33 & (, LEXPNO)  ghis il @lplal Jlef, 14.60 .»
Slylll ed ef,  13.126 & dad A5 (16.26 & (LIMCPT) adleadll cilyylll dad el
LSO @lylsll dad el 13.124 o dad s 17.37 o ( LIMMED,) iayssll
s ( LNINF) ola®¥) aaail dag el 12.90 & dad 5 <16.06 & (LIMCON)
Ly o jlae o il desena & Bl aae dapy Glad) ey .4.05 & ded s (5.54
Syl Allanhll Iyl idadill e cihalially il chalally galaBY) el of J& o oSa
19 & Linsall Leihatl o8 (V Ciage JS0 dinia (galua®) pdzilly LS iyl Aagul

sl e 3851115 1.2151.0551.08 5 1.14

¢halie mhayfill 5% 8 L lehmsia Joa DlaaSlll e 4885 SUball Al aysi ehaydill Gupy

Oslsi Aipel) Sl ol e OIS 13) Lo e e Slelas) saad el Sl o lansia

o S LeVlaa) i oY aplall asl) wm Auhall chste of el el L sl ajsll e
bl o sll Appial) Ay il Js ¢ Jllyy gl pdall ¢ Ly .0.05

) @bl Aagl s lasy) gails (1.9) Jaaall

Variable | Obs | Mean [S)gi Min Max J%rgfae' Probability

Ingdps 31 25.22303 | .1946896 | 24.85919 | 25.55913 | 1.214134 | 0.544947

Inoilexp 31 16.26348 | 1.149646 | 14.60338 | 18.16647 | 3.020264 | 0.220881

Inexpno 31 13.35765 | 1.089745 | 11.8858 | 15.33884 | 2.567679 | 0.276972

Inimcpt 31 14.58695 | 1.053534 | 13.12613 | 16.26376 | 2.660341 | 0.264432

Inimmed 31 14.62055 | 1.213553 | 13.12437 | 17.37949 | 1.827461 | 0.401025

Inimcon 31 14.40158 | 1.114223 | 12.90478 | 16.067 | 2.898255 | 0.234775

Lninf 31 4.666103 | .3985487 | 4.059001 | 5.540213 | 6.470902 | 0.039342

Stata-16 gt plaaiul Galdl slae) (a1 j1adll
B P I I E R
1 JOIS bl el )
G bse e culS @hsid) abhes of (2.9) Jsaall & WS(ADF) ladl miln el
sda A (p-value) ldal¥l dad . ) 4aniey ol adaie dgay Al B o/ (0) ve Lgbgiae
oS echriall o3gd IV daal) e Gyl T 2y ¢ (P < 0.05) 0.05 e Ji culS chyaay)
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Y et ape 3slall Llad)
@l « Order One /(1) Js¥) Gl xic 3jise kel paen mensdi %5 AN (s5iue die 43 Jsl

Bang sta o gsiad Y Ll

(ADF) ish ol Bassll jis SLas) guildi £(2.9) s

1(1) Js¥ @& 1(0) s sl ssluan

c B A c B A sy Gl gardall | LOAY)

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNGDPS

0.00 0.00 0.00 0.60 0.13 0.02 Prob

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNOILEXP

0.00 0.00 0.00 0.77 0.84 0.54 Prob

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNEXPNO

0.00 0.00 0.00 0.75 0.84 0.53 Prob

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNIMcPT

0.00 0.00 0.00 0.91 0.49 0.53 Prob ADF

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNIMMED

0.00 0.00 0.00 0.90 0.49 0.53 Prob

-2.64 -4.30 -3.67 -2.64 -4.29 -3.67 t-stat LNIMCON

0.00 0.00 0.00 0.98 0.34 0.85 Prob

-2.65 -4.33 -3.69 -2.64 -4.29 -3.67 t-stat LNINE

0.03 0.05 0.04 0.99 0.96 0.96 Prob

at5 % (A:constant B:constant linear Trend c:Non. ) EViews— 13 —galiy it Je laldie) (fiald) sl Go 1 jucal)
sl yidial) Jalsil) lad) Gl

F, ) 350 ,laal (Pesaran, Shin, & Smith, 2001) z5dl «Ja¥) ik Ale a5ay o (il
R (3.9) deaall A LS djidiad) Jalsill Bound  Test jLia) dagi culs, ( T-Bounds Test
e S * « T-bounds test; F-bounds tests «ljiall Jalall 48lasy) dadll o) ) bl
Al A il Jiig paell dpajh by JUlly dygiall Glays calise vie dapad) adll golad) 2all
Aflas) dad LB 1) e duball Chaxie Gn J2Y) gk alsi Ae o dljide JalSS ADe d5a
«(3-99) «(4.43) Sl F%2.5 %5 %10 V2 (s5ien 2o JeY) zall 2al) dad e (54.787) F
Glygie die { 1= 1} 1Y) zyall aall dad (e 58T F dilian) dad ol () e (3.23) (3.61)
%1 %2.5 %5 %10 ANV s die (12-) T clilias) dad Uyl 13 (a5l AV
ol ol Aad e ST T @lilan) dad s (sl e (-4.04) (-4.38) ((-4.66) «(-4.99)
JalSill (i pre e pati ) dpaall Al i ool LGl ANVA Gl e oY)
Leatiiedl chsiad) o JaV) dlgh 4l ddle o e S ADle aag ¢ AT e @A)
Sl
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djidall Jalsill) ARDL g isai Bound Test Lid) daii (3.9) Jgaad)

Pesaran/Shin/Smith (2001) ARDL Bounds Test
HO: no levels relationship F = 54.787
t = -12.640

Critical Values (0.1-0.01), F-statistic, Case 3

[LI_Oo] Cr_11 CTI_Oo] CTr_1] CTI_O] Cr_1] | s o i | Cr_11
L_1 L_1 L_O5 L_O5 L_025 L_025 L_O1 L_O1
k_6 2.12 3.23 2.45 3.61 2.75 3.99 3.15 4.43

accept if F < critical value for I(C0O) regressors
reject if F > critical value for I(l1l) regressors

Critical vValues (0.1-0.01), t-statistic, Case 3

LI_O] CT_1] CLTI_O] CTI_1] LI_O] Cr_1] LI_O] CxT_1]
L_1 L_1 L_O5 L_O5 L_025 L_025 L_O1 L_O1
k_6 -2.57 -4.04 -2.86 -4.38 -3.13 -4.66 -3.43 -4.99

accept if t > critical value for I(C0O) regressors
reject if t < critical value for I(Cl) regressors

k: # of non-deterministic regressors in long-run relationship
Critical values from Pesaran/Shin/Smith (2001)

STATA-18 lasl! malill il s odinld) slac) 1 jaadll
: ARDLZ gall Jaghall Ja¥) (8 Ja¥) d8Mal) jaii ||

@l Jish ARDL z35ai dlalaas (4.9) Jsaall 8 saall Jisla ARDL zisai milis e 2l
ANa @y ey 8L W 0.184872.0 Jelrays LNOILEXP dhill cilyalall of 6 &8 alaleally
G by sl o Caman ola) LSl 138 % 0.0475 ddlaaly % 5 e i dglaa)
LNGDPS (salaiy) saill 3 5245 ) gagias %1 Haasty Agdaiill cfyaliall <l 13 43 inay L
Abadil) Jgaall J& e D) 4 @pe (Ally ousbid) gzl Ao @l jaudi (Says 10184872 Ay
L) Jisad 3 clahy) el dasid Sy ol 4 Cus el Akl clalyy) Galessl Ul sl
Jidy lqle) GlS )l e il G lale) Grasinl dy gllaall JSAIL Ay ganll ag)Lially d0a0))
& A bl bl daalue 0S5 ) ) ool 1aag aladlly JIs) sty dypal) culia) | s
skl sl e sl sl

JaY) Jushl) ARDL zigal i gilii (4.9) Jsaadl

Variable Coefficient Std. Error t-Statistic Prob.
LNOILEXP 0.184872 0.077051 2.39 0.0475
LNEXPNO -0.131296 049111.0 -2.67 0.0318

LNIMCPT 0.678198 .0100936 2.47 0.0424

LNIMM DE 0.155939 0257016 1.62 0.1480
LNIMCON —1.134728 1217253 -3.12 0.0168

LNINF 1.231488 1.231483 -3.12 0.0168

EViews — 13 ilas¥) malipl) itisl 5 finldl slae) (o 1 ysmdl
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Long run equation

LNGDPS = 0.18487212*LNOILEXP(-1) -0.13129628*LNEXPNO(-1) +
0.67819843*LNIMCPT(-1) + 0.15593877*LNIMMED(-1) -
1.13472778*LNIMCON(-1) + 1.23148388*LNINF(-

D)oot (6)
O I saa) Jish ARDL zi3sas dlslaa i LNEXPNO ighii ) cpalall Zailly Ll

138 % 0.0318 layss ddlaialys % 5 Lysine (ssime die Aflan) AN o g5~ 0.13 s lelalas
(ea®Y) sailly Auhaii yall cihalall ¢ Ja¥) Al Ailas) AN 3 dulu ADle gy )
ol cbaliall 32y ol Ml ceabaBY) gl e U i ol pall chabiall of iy 13
el o ezl sda il (13 sy gola®l sall (amlisdl ) gagin %1 Ay A
o bl my i Gladhin) Aed b clall 8 e cladgill g Ji OIS Adaiill e clpaliall
el oo M B Y all) DY) ol a3 bl chIS LS L ull) DL 8 i)

LJaall jalae

Lledll o) LNIMCPT el iyl of 4 Jsaad) il capedal claylsl colisSal dpually Ll
il el Dl Hedi g .0475 Wya Adlaaly dglas) ANS @il as 0.67 Lase sl culs
salll 5l ) s %1 Ay Adlanhll cilylsll ol of e Al cgaba@y) sall e ook
Glad (e Adlanhll ) S o) cadl Al dadl) A1 ae o5l 1385 .0.67 Ay gabas)
sl ae Glay ADle W LNIMMDE: Lyus) iyl of il copelil WS Lol sl
sap Y Al ey 13 Aglas) AND 53 Gl g5 0.15 Jabeadl &y Cam cJyshall Jal) b salai)
Loty L) L Jishll sad) e ola®BY) gailly Al lylgll S ggine Bl 35a5 e Jib
ol Lgialea 2SN lylsll of il cyelal Jsaall DA peé LVIMCON 480 byl
ol ikl ADle el ol L0168 ayad Adlaialy dglas) AN @iy oay —1 .11 4l syl
Op Aale ADle dag gadsy gl gala®Y) hidl ae il Loday cgala®Y) sl e
wlaladl je A al g i a0 LN Olylsll 5351 ala@y] sailly LAY )l
(e laBY) saill e Wl iy Ve daiial)
s 1.231484 dmse 3)lily aiadea LNINF - golaidV) adaill of Jyshal) Ja) bl ol
salll e onh il ) eala@y) aacall o iDle Lelwi o .023 ddleial dilaa) AN )
A bV sl ) e ol V1 ALl cillpall (amy 8 ae (315 1385 ¢ ol

;L)A . Q £ ..~ - .J‘. 9 N - . . \ 3 - . 5.
sl LAY iad ) gon b o JS (S sl el e ey [l ol
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o) b Llad) cilaviall Audlil) 5,80 (e ah 1ay ol Copall e led 6 A b Aals
oY) S Balyy (e a2y, 5 Aphadill e halall (e Lae cApalalls ddall
: ARDL gisail juadll Ja¥) b 48Mall i

i o a2l o e a2l e JaY) el ARDLg3ses i o 4l 55lal)
Go 4l V) Opall JaV) 8 A dpshall JaY) ST 0 Al G spedd) sl o)
O Alall ol clabeally HEHI 138 Jiag z3saill 38 8 L jaadll Ja¥) 8 Layil Jilas (g5 pual)

Al 8 5ylaal el odgd ppeaill Ja¥1 8 ol saill e jile oS il

Ja¥) uail) ARDLE Jgai i geilis (5.9) Jganl

Variable Coefficient Std. Error t-Statistic Prob.

DLNOILEXP 0.03741 0.012 3.007 0.0197

D LNEXPNOP -0.0162 0.008 —-1.948 0.0924

D LNIMCPT 0.26535 0.031 8.337 0.0001

D LNIMMDE 0.14236 0.016 8.488 0.0001

DLNIMCON -0.41320 0.051 - 7.956 0.0001

D LNINF 1.11025 0.156 7.115 0.0002

CointEq(-1)* -0.8013 0.094 -8.512 0.0001

R%.=.90

F=56 15

p —values= 0.00001

Gkl Jgoall il ly ialll dhae) e i jaadll
SHORT RUN Estimation Equation:

CointEq(-1)* LNGDPS -.801371633145*+0.037443743530*D(LNOILEXP) -
0.016271724812*D(LNEXPNO)+ 0.265353604575*D(LNIMCPT) +
0.142363910073*D(LNIMMED  -0.413208689622*D(LNIMCON) + 1.110258019409* D

(LNINF)....coooovrnnn (7)
ANVl kil chalall o8 7 8 Abledly (5.9) dsaadl Jal¥) speal ol e (ly

Lodie 4l Y e 1385 <0.03741 anse dalas Leds <%0.0197 Llaia¥l lead a5 un cgilias)
QAT ey 2% 0.037 s Aty dlayy gobai@) pall i %] Aoy b Ll bl 4%

OLEY) s Alls ) aag oW s G JS S5 el JaY) 3 kil calall saly
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il e 055 8 el Ja¥1 8 kil chalall o) WS oull) Sbai®¥) L e A alad
ase e abaBY) pall Ll lax ddpas gieale Jray Les cigallall Laitll e 8500

2V G ol pall) e Al pe claliall grine gy e il dsay pilul ¢l

palud ¥ sl je chalall of ey Ggiee g o8y, —0.0162 Jss dalas gl S ¢ juadl)
& leaalin o) Y1 L il angall o) ZUY) (st (o) salaBY) salll (miad bl JSi
Sl & il e plaill Cien ey Las ¢ pall)l JaY) 3 Bsaae I Y oalaY) il
saill o Uginay Llad) i Adlenhll Iyl o) aas ilh iyl cliske (ady b Wl
L) Dlaall gy Aaliyl saly ) as Dllendll clajlsl) 5238« uadl)l JaY1 8 galaiy)
g 2L Lol 5085 Loty 5o i€l Cpan ) (g2 paall Calalial 35ts ecilalsll LoD
Usinas Lobag) 555 Aol cilylsll dauty Wl . Kim, 2021) b Jie @lld cluhall (o al) |
Ll iy 138 0.0001 ddlaia) dagiys 0.142 leloeo iy Cum ¢ sl Ja¥1 L ol sall e
Lae c&ipaall Ln gl i€l g lanally YY) ayinsd S (0 Gl cile Uadl) Cuaat b yile (S0 atlas
Daadll s 8 ool sl e ia Lae Basal) Gty GRS (misg Aalify) sl ) g
Jaleay ¢ sl Ja) 3 el o du 580 jeda) LGN @iyl of Baadld) (e L dyshall
Bl el Q) s ey 501 1385 0.0001 lyad dllaial day dilas) AN 53 585 —0.41
Dl (8 iy 38 1 sl Z L) Jilis o)) e Al 85085 (gladll el e Jarall 3055
oalindl by Auial) cillalia¥) aalis ddaad) dlead) dad (mless) g Lee cgylall ol

(gL el

phre o 2l diglan) AN Ay (ol sl o sy b golady) sl oS
Llaals /) Glas ool gaill Jane iy (ool adizill ey yatll ol yally Apnbaidy) el ylail
Sle alady) sl e alay) il Al 8 il Jae ol Al bl 6y gala®Y) sl e
S oA Uadll e aa el Jolre Aygine Undld) eomaa 73900 il cpelal LS L sl sl
Gl Jaledd) seds g ¢ %5 o i ssise 2ie 3l Alla ) chrial 550 eday ol Aoy oo
Laglll iy ¢ ppaill o) o Sl zisaill iy Clpstall G jidie JalSS dsay ey Lee 3)LEY)
)l ADla) daaas 483 (e 23 Lo 3y cplsill Alla saleiad Ao g ) Uad) maa aa Jaled dilladl)
wasl)l ) agty suadll Ja¥) )y clihail e e 0.80 % o) rgs cpshall sad)
s apas O 3l 3 sl 0 ) el 3y ¢ hedis i DA dashall JaY1 sl
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@5 (R?.=.90)a0ml) Jelas dad P& o el z35aill 5350 SIS Eglan) OHEAY) s
salll b Gaas ) @il e (%90) At Lo e duhall zigal 8 deadial chriall of i
e ) a3 (%10) s 4t Lo oy cAuahall ziga & Aldiad) eyl ) asas galaidy)
15 cils s Foolany adlaa¥) dadll DA (e 73 gaill dygine ety WS oz 3sailly dapae e (55l
JSS g5 zagalll O %5 Aygind) (s5iue (e Jil p —values= 0.00001 ddlaal e s56.
tdandldal) ey .10
Bsa (s (e (Bl Apa il GhHUAY) (e degens sha) &zl ol magaill S
O Cny (1.10) Jsaally chpapiil) i) il DA (e Lol o il 53all 73 gail) 48 gisas
iy o ale 0 zasall o i 130y chlaaY) JS<0.05 e ST (p-value) Al dagl)
Ramsey Ll dflas) juin LS Auuld JSUie 5] e Sl Y 4l dplanyl) alill e sam 35

2 asall 8 i) il JS8) dams g 3sall aons Uad 2180 il ) RESET

bl 7 agaill duadinl) @) Laiy) =l (1.10) Jsas

PREGNON T AN oLyl F- Value (Probability)
Breusch—-Godfrey Otokorelasyon LM cUaadUl 5IAll Lol Y 01306 (0.4294)
Testi

Breusch—-Pagan- elaadl cpball @ld axe 0.5733 (07091)

Godfrey

Jarque— Testi g UaaM oandall oy 5l 0.6179 (0.7232)
Bera
Ramsey RESET Test Canagll ¢l 0.3904 (0.3900)

EViews eV @AU)J\ CJ_"\J 8 5 il dlae ) e 1 jaaall
Sl g sanall Hlaal aladin) & juailly Jislall ol ez dsall clyiie Clales (3l 48 el
Lapay i) Clabeall Jel) hEuY) Siah oplia¥l olid @ ( CUSUM.S 5 (CUSUM)
(2 .10) 5 (1.10) & 3 LS %5 (ssime dic dapall dpaall Jab g s zsaill Uadll momaas

Al gl & b s o Iy Les
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15

10 |

T T T T T T T T T T T T T T T T T T
2002 2004 2006 2008 2010 2012 2014 2016 2018

— CUsuM _____ 5% Significance

T T T
2014 2015 2016 2017 2018 2019 2020

‘ —___ CUSUM of Squares ———__ 5% Significance ‘
(CUSUM .S) 5 (CUSUM) sl gsanall jLid)  (2-10) 5 (1-10)) Jsia

(Aadldl (11
) Yl

Sl e S ddais ually il cbalall Glie Ll daada gl I Auhall cuisa
02020-1990 sl Pla Lyl 5 gobadyl sl o adailly LYy ddanlly ddlaud)l
t gl o s ) e Ao gene Al ciliags
Clyiie IS Aaaiple sl DLl o) Adadailly Al dpiadl Judladl 4y las) mibs ey L]
o AlelSia g s oJ5Y) B 8 i WSV sl 8 byfise pe alll slam@Yl 3 Au))
csY1 Asall
Al 4gjls Ale a5a (Bounds TestF—ARDL) jloal aladiuly o il JalKill x5l cad).2
ol DL Al il e
JaY) 3 oalaiyl salll o (gsinay gayh Ll L) oIS dglaitll clpliall o il il cpelil L3
alany My Jaall oy raeS badil) g Und o adiny o2y bl ol DLV o) XS5 dag Jyshall
O il mln cpelal LJSS alam) el e iy elldy Lpdlad) daidl) leud 3 clill dage
skl Ja¥1 3 b pall o gsina olu 550 Ld OIS Ll Lyl @l palial)
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Laiys wdashall Ja¥) & oobay) sall o gsinay olagd 50 L Adlaudll @iyl @lia o) 4
A O 2 ol adaill L) oJoshall sad) b gsina e AL clyllls dandl il o<
Jashlly Ja) 3 syina la) il

S aill Ja¥) e el debre o Uadd) sl zhgal i DA e Luhl) caainal L5
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Abstract

This study aims to demonstrate traditional human resource management practices
and their role in achieving competitive advantage from a resource-based perspective.
It also illustrates technological development and how human resource management
has been influenced by information technology, transforming into electronic human
resource management, along with the advantages achieved from this transformation.
The study reached a set of results, including:

-The use of information technology has a positive impact on human resource
management specifically and the organization in general.

- The inevitability of change and the transition from traditional human resource
management to electronic human resource management.

Keywords: Resource-based approach, technological approach, Information and
communication technologies (ICTs), Human Resources Management (HRM).
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