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This paper presents an innovative approach to forecast carbon dioxide
(CO,) emissions from the transport sector in Libya. The method
combines machine learning algorithms with historical data and future
estimates. The research built a model that took into account factors such
as population growth, rates of car ownership, patterns of fuel
consumption and government regulations in order to provide an accurate
forecast of carbon dioxide (CO,) emissions over the next decade based
on the Global Change Assessment Model (GCAM). The authors used a
variety of statistical time series models to forecast future CO, emissions
from Libya's transportation sector. These models included the
exponential smoothing model (ESM) and the autoregressive integrated
moving average (ARIMA). The ARIMA model outperformed the ESM
model, achieving an R? of 0.931 and a root mean square error (RMSE) of
1.040 Mt CO,. The results of the study found that CO, emissions from
Libya's transport sector could increase by 27.98% and 57.99% in 2030
and 2050, respectively. The study proposed six transportation theories to
reduce CO, emissions from Africa's and Libya's transport sectors. The
identified factors encompass price systems, land use planning, eco-
driving, electric automobiles, bicycle infrastructure, and telecommuting.
The authors also examined the needs to reduce CO, emissions from
Libya’s transport sector in order to meet the International Energy
Agency’s ambitious targets for reducing CO, emissions from the global
transport sector. These needs arise due to increasing urbanization,
population growth, underinvestment in public transportation infrastructure,
and the increasing incidence and severity of heat waves. Additionally,
hypothetical scenarios are presented to demonstrate the importance of
further reducing CO, emissions from these sectors to match the
projections of global change assessment models.

Keywords: Paris Agreement; CO, emission reduction, Greenhouse gas emissions; Libya’s emission
reduction; Climate change; ARIMA

1. Introduction

To effectively tackle climate change and accomplish sustainable development
goals in Libya, it is imperative to implement decisive measures aimed at decreasing
carbon dioxide emissions in transportation systems across urban areas [1], developing
towns [2], and distant villages [3]. By analyzing different policies and situations related
to compliance with the Paris Agreement [4, 5], we can determine effective methods for
reducing carbon emissions [6, 7] and improving sustainable transportation systems in
Libya [8, 9]. This analysis can help us develop a comprehensive strategy that includes
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renewable energy sources [10], promotes public transportation [11], and encourages the
adoption of electric vehicles [12]. The target of this research is to provide valuable
insights into the challenges and opportunities for reducing carbon dioxide emissions in
transportation networks [13] in Libya. By examining the outcomes of various policies
and scenarios, we can provide evidence-based suggestions to policymakers [14, 15] and
stakeholders to advance sustainable development in the nation. This study is intended to
contribute to the global conversation on efforts to mitigate climate change [16] and
highlight the importance of sustainable transportation in achieving emission reduction
targets [17]. The target is to promote the use of cleaner and more efficient transportation
options [18] in Libya, which can lead to significant environmental [19] and economic
benefits for the country [20]. By analyzing data and studying different policy
implementations, we can provide valuable insights into the most effective methods for
reducing carbon emissions [21, 22] and promoting sustainable practices [23, 24]. This
research will also facilitate the identification of potential issues and obstacles to the
execution of these recommendations [25], empowering key decision-makers in the
country to make more knowledgeable decisions [26]. This research serves as a strategic
blueprint for future initiatives and financial investments in the transportation sector [27],
guiding stakeholders towards the adoption of greener practices [28]. The target is to
develop a transportation system that is environmentally friendly and extremely efficient,
leading to benefits for both the economy and the environment [29]. By taking a proactive
approach to reducing the impact of climate change in the transportation industry, we can
work towards a more environmentally friendly future for future generations [30, 31].

The authors also discussed various transportation theories that support the
reduction of CO; emissions from Libya's transportation sector, with the goal of achieving
sustainable development objectives and reducing the continent's carbon footprint.
Furthermore, authorities were recommended to prioritize expenditures in the
infrastructure of public transportation [32] and promote the adoption of environmentally
friendly technology in the area. The theories cover pricing mechanisms, land use
planning, eco-driving, electric automobiles, bicycle infrastructure, and telecommuting.
The target of these strategies is to reduce reliance on fossil fuels and promote the use of
more environmentally friendly modes of transportation [33, 34]. Libya should endeavor
to achieve a more ecologically sustainable future and make a significant contribution to
global efforts aimed at reducing the impact of climate change by embracing these
suggestions.

The transportation industry in Libya is a significant source of greenhouse gas
emissions in Africa, making it a crucial obstacle to overcome in order to achieve
sustainable development [35] and effectively address climate change [36]. Accurately
predicting the amount of CO, emissions from this industry is crucial for policymakers
and stakeholders to develop and implement successful plans [37] to decrease carbon
footprints and encourage the use of cleaner [38] and more efficient transportation systems
[39]. Accurate prediction of carbon dioxide (CO,) emissions from Libya's transportation
sector is essential for comprehending the environmental consequences of the country's
fast urbanization [40], economic expansion [41,42], and the subsequent rise in vehicle
ownership and usage [42, 43]. Through the application of sophisticated modeling
approaches and data analysis [44], academics can offer valuable insights into prospective
measures and policy interventions [45] to effectively address this urgent issue [46]. The
intricate interaction of various elements that impact the release of CO, from Libya's
transportation industry, such as the way fuel is consumed [47], developments in vehicle
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technology [48], and the development of infrastructure[49], highlights the significance of
reliable forecasting techniques [50-52]. Through the integration of interdisciplinary
methodologies and the utilization of state-of-the-art research instruments [53], scholars
can produce practical insights to aid in the development of sustainable transportation
strategies [54] and the achievement of carbon reduction goals in accordance with global
climate agreements [55-57].

The ClimateWatch database's global change assessment model did not include
carbon dioxide (CO,) emissions from the transportation sector in Libya from 2023 to
2050. Therefore, the authors utilized a time series methodology to forecast the historical
carbon dioxide (CO,) emissions in Libya's transportation sector, covering the period from
1990 to 2022. Later on, these predictions were extended to cover the time frame from
2023 to 2050. By employing time series approaches, the authors achieved a more precise
prediction of the trends and patterns in carbon dioxide (CO,) emissions in Libya's
transportation sector during the chosen timeframe. This approach was devised to address
the deficiencies in prior research that overlooked the influence of transportation
emissions on the total levels of carbon dioxide in Libya. In addition, the utilization of
time series techniques facilitated a thorough examination of past data and predictions for
the future, resulting in a stronger comprehension of the nation's carbon emissions in the
transportation sector [58, 59]. The authors found that the anticipated result greatly
exceeded the International Energy Agency's estimate of global CO, emissions in
transportation by mode in the sustainable development scenario from 2022 to 2070 [60].
This study highlights the urgent need to adopt greener transportation practices in Libya to
tackle the rising levels of carbon emissions. In order to attain a future that is more
environmentally friendly, it is imperative to incorporate transportation emissions into
future policy planning. The authors discussed several transportation theories and their
practical implementations in order to address the necessary needs and strategies for
reaching this purpose. A framework has been developed that advocates for the
implementation of more efficient public transportation networks in order to reduce
reliance on private vehicles. Furthermore, the research suggests dedicating resources to
enhance the infrastructure for alternative modes of transportation [61, 62], such as
cycling and walking [63], with the aim of substantially mitigating carbon emissions in
Libya. In addition, the authors emphasized the importance of integrating sustainable
urban design techniques to promote the growth of cities that are more favorable for
walking and biking [64, 65]. By encouraging the use of active transportation and
reducing dependence on cars, Libya has the capacity to significantly reduce its carbon
emissions and improve air quality for its citizens [66-70]. The adoption of sustainable
transportation alternatives can lead to various health benefits [71-74], such as increased
physical activity [31, 75-77] and a reduced incidence of obesity and related diseases [73,
74, 78]. Investing in these projects can result in a favorable outcome for both the
environment and public health in Libya.

2. Transportation Theories that Support the Mitigation of CO, Emissions
from Libya’s Transport Sector
2.1 The Theory of Pricing Mechanisms

The idea of pricing mechanisms proposes the adoption of policies (such as

congestion pricing and carbon taxes) to encourage actions that result in reduced CO,
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emissions in Libya's transportation industry. Pricing mechanisms in transportation theory
have a significant impact on consumer behavior and encourage the adoption of more
environmentally friendly transportation options. Libya can efficiently decrease CO,
emissions from its transportation sector and promote the adoption of environmentally
friendly alternatives by introducing techniques like congestion pricing or carbon taxes.
Implementing these pricing systems can internalize the external costs linked to carbon
emissions, resulting in a more effective allocation of resources in the transportation
sector. Moreover, they have the ability to encourage investment in cleaner technologies
and infrastructure, ultimately leading to a more sustainable and environmentally
conscious transportation system in Libya. Moreover, these pricing mechanisms have the
possibility of creating income that may be redirected towards other sustainability projects
within the transportation industry.

The adoption of congestion pricing or carbon taxes can have a significant impact
on assisting Libya in attaining its environmental objectives and diminishing its carbon
emissions. Through the implementation of these pricing mechanisms, Libya has the
potential to mitigate traffic congestion and enhance air quality in metropolitan areas. This
can result in improved public health and a more streamlined transportation system as a
whole. Furthermore, the income derived from congestion pricing or carbon taxes might
be used towards enhancing public transit infrastructure and encouraging the adoption of
electric vehicles. This can additionally contribute to the reduction of greenhouse gas
emissions and the promotion of a more environmentally friendly atmosphere in Libya. In
general, introducing these pricing mechanisms can have positive effects on both the
environment and the well-being of Libyan residents. This is a progressive measure aimed
at fostering a sustainable and environmentally conscious future for the nation.

2.2 The Theory of Land Use Planning

The notion of land use planning prioritizes the design of cities and communities to
minimize the necessity for extensive travel, thereby reducing carbon emissions resulting
from transportation. Land use planning is essential in determining the transportation
infrastructure of a nation, which has a direct influence on the levels of CO, emissions.
Urban planners can effectively mitigate CO, emissions in Libya's transport sector by
carefully positioning residential neighborhoods, commercial centers, and public
transportation hubs. This approach reduces the necessity for long journeys and
encourages the use of sustainable means of transportation. Incorporating green spaces and
pedestrian-friendly features into urban planning can promote walking and cycling as
alternate forms of transportation, thereby reducing dependence on carbon-intensive
vehicles. Moreover, allocating funds towards sustainable energy sources for public
transportation and enacting laws that encourage the adoption of electric vehicles can have
a substantial impact on mitigating CO, emissions in Libya's transportation industry. In
order to effectively tackle the carbon emissions caused by transportation systems in the
country, it is essential to adopt a comprehensive approach to urban design that places a
high value on sustainability and environmental conservation. By incorporating green
spaces and pedestrian-friendly infrastructure into urban design, communities may
establish more sustainable and healthier environments for their inhabitants. Advocating
for mixed land use development can decrease the necessity for lengthy commutes and
enhance the overall efficiency of the transportation system. This can result in a reduction
in dependence on private automobiles and, thus, a decrease in emissions. Enforcing laws
that provide incentives for using public transportation and non-motorized modes of travel
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can also have a substantial impact on reaching carbon neutrality in Libya's transportation
industry.

2.3 The Theory of Eco-Driving

The theory of eco-driving posits that advocating for fuel-efficient driving
practices, such as maintaining consistent speeds and refraining from excessive idling, can
contribute to the mitigation of CO, emissions from vehicles in Libya. The concept of eco-
driving focuses on employing driving strategies that minimize fuel consumption and
emissions, including gradual acceleration and maintaining a consistent speed. By
integrating eco-driving principles into transportation regulations in Libya, the nation can
substantially reduce its carbon emissions and make a meaningful contribution to global
initiatives aimed at mitigating climate change. This idea is in accordance with the
overarching objective of sustainability in transportation, advocating for a more effective
and eco-friendly approach to driving. Adopting eco-driving techniques can result in
financial benefits for both individuals and organizations through the reduction of fuel
usage, thereby leading to cost savings. Moreover, implementing eco-driving techniques
can also prolong the durability of cars and diminish maintenance expenses, leading to
supplementary financial advantages for drivers and fleet operators. Incorporating eco-
driving concepts into transportation laws in Libya can have extensive beneficial effects
on both the environment and the economy. Libya may further diminish its carbon
footprint and decrease its reliance on fossil fuels by promoting the utilization of public
transit, carpooling, and electric automobiles. Allocating resources towards the
development of infrastructure for alternative modes of transportation, such as dedicated
lanes for bicycles and designated pathways for pedestrians, can additionally enhance the
sustainability of the transportation system within the country.

2.4 The Theory of Electric Vehicles

The theory of electric vehicles, which advocates for the utilization of low-
emission cars propelled by electricity, plays a vital role in mitigating the carbon footprint
of Libya's transportation industry. Electric vehicles offer a possible approach for
mitigating carbon emissions in Libya's transportation sector, as they are devoid of any
exhaust emissions. By integrating electric vehicles into Libya's transportation
infrastructure, the country can make progress towards its environmental objectives and
decrease its carbon emissions. Moreover, allocating funds towards renewable energy
sources to fuel these cars can additionally bolster the sustainability of the transportation
industry in the nation. The adoption of electric vehicles can also aid in mitigating air
pollution and enhancing public health in Libya. It is imperative for the government to
provide incentives for the adoption of electric vehicles and allocate resources to develop
the required infrastructure to facilitate their broad usage. By advocating for the adoption
of electric vehicles, Libya may both diminish its reliance on imported fossil fuels and
enhance its energy security. Enacting regulations that promote the shift to electric
transportation will have dual advantages: it will not only have a positive impact on the
environment but also stimulate economic growth by generating employment
opportunities and fostering technological advancements. Moreover, the act of investing in
electric vehicles can assist Libya in broadening its economic base and diminishing its
susceptibility to variations in worldwide oil prices. Through the adoption of sustainable
mobility solutions, Libya has the potential to establish itself as a frontrunner in the area
and entice investments in clean energy technologies.
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2.5 The Theory of Cycling Infrastructure

The theory of cycling infrastructure proposes the construction of more bike lanes
and trails to promote cycling as a means of transportation. The theory of cycling
infrastructure highlights the need to establish secure and easily reachable routes for
bicycles. This can lead to a reduction in the dependence on motor vehicles and, thus, a
drop in carbon emissions. By integrating cycling infrastructure into transportation
planning in Libya, the country may strive towards attaining its environmental objectives
while simultaneously advocating for a healthier and more sustainable means of
transportation for its population. The adoption of bike infrastructure can enhance public
health by promoting physical activity and mitigating air pollution in metropolitan regions.
Moreover, allocating resources to develop bicycle infrastructure might result in economic
advantages by attracting more tourists and generating employment opportunities within
the cycling sector. Integrating cycling infrastructure into transportation planning in Libya
can have numerous positive effects on the environment and public health. By giving
priority to sustainable modes of transportation, the country can lay the foundation for a
future that is both cleaner and healthier for its population. In addition, advocating for
cycling as a feasible means of transportation can effectively alleviate traffic congestion
and diminish the dependence on fossil fuels, thereby fostering a more sustainable and
eco-conscious society. Highlighting the significance of bicycle infrastructure can help
promote a sense of community and connectivity among locals, ultimately improving the
overall quality of life in Libya.

2.6 The Theory of Telecommuting

The theory of telecommuting, which advocates for working from home or remote
areas to reduce the number of individuals commuting to work on a daily basis, has the
potential to greatly diminish the carbon footprint of Libya's transport sector by reducing
dependence on conventional transportation systems. Telecommuting is a transportation
concept that provides a sustainable alternative for reducing Libya's transport sector's
carbon footprint by reducing the requirement for daily travel. Enabling employees to
work remotely reduces the number of vehicles on the road, leading to decreased CO,
emissions and alleviating traffic congestion. This strategy is in line with international
endeavors to address climate change and advance eco-friendly practices in the workplace.
Furthermore, telecommuting can result in cost savings for both employees and businesses
by minimizing gasoline usage and car maintenance expenses. Incorporating
telecommuting into transportation strategies in Libya can yield favorable environmental
outcomes and contribute to a more sustainable future. Additionally, remote work can
enhance the equilibrium between work and personal life for employees, as it grants them
greater autonomy in time management and alleviates the strain of commuting. Moreover,
telecommuting has the potential to enhance productivity and boost employee happiness,
resulting in a more effective and committed team.

Telecommuting can enhance firms' ability to attract and retain highly skilled
individuals by providing them with flexible work arrangements. This can lead to a staff
that is more diversified and skilled, ultimately benefiting the firm as a whole.
Furthermore, telecommuting can mitigate the environmental impact of firms by
diminishing the necessity for employees to travel to a brick-and-mortar office. This can
facilitate the creation of a more environmentally friendly ecosystem and aid in the
mitigation of climate change. Moreover, telecommuting can result in cost savings for
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both individuals and businesses by reducing expenses associated with commutes, office
space, and utilities. Telecommuting provides a range of advantages for both workers and
companies, including enhanced efficiency, better equilibrium between work and personal
life, and a decreased environmental footprint. It is a mutually beneficial scenario that can
result in a more effective and environmentally friendly approach to work in the
contemporary world.

3. Forecasting CO; Emissions from Libya’s Transport Sector

3.1 Data

The ClimateWatch database employed the Global Change Assessment Model
(GCAM) to examine past patterns and forecast future emissions under different scenarios.
The model considers variables such as population growth, economic progress, and energy
usage to generate a thorough prediction of carbon dioxide emissions in Libya's
transportation industry. The GCAM model incorporates governmental interventions and
technical breakthroughs that have the potential to influence future emissions. This
comprehensive approach aids in generating a more precise and intricate forecast of
Libya's transportation carbon dioxide emissions. By utilizing a data-driven methodology,
it becomes possible to produce more precise forecasts regarding future emissions. This, in
turn, enables policymakers to make well-informed choices in order to reduce the impact
of transportation on climate change. The GCAM model provides a comprehensive
perspective on the various elements that impact CO, emissions in Libya's transportation
sector by taking into account different variables. The utilization of the GCAM model
allows for a thorough examination of possible approaches to decrease emissions and
enhance sustainability in the transportation industry. Adopting a data-driven approach is
crucial in formulating strategies that effectively tackle the difficulties posed by climate
change in Libya.

3.2 Method of Forecast

To forecast Libya's transportation CO, emissions from 2022 to 2050, we will
utilize an autoregressive integrated moving average (ARIMA) model and an exponential
smoothing model (ESM). These models will examine historical data and detect patterns
in order to make accurate forecasts. These models will utilize historical patterns and
changes in the data to forecast future emissions. By utilizing these two models,
researchers can enhance their comprehension of the elements that impact CO, emissions
in Libya's transportation sector and make well-informed choices regarding prospective
mitigation strategies. The utilization of data in this way will offer significant and
meaningful information for policymakers and stakeholders that aim to tackle
environmental issues in the area. The exponential smoothing model (ESM) is a widely
used technique in time series analysis that predicts future values by assigning decreasing
weights to prior observations in an exponential manner. The ESM is highly effective in
capturing transient trends and seasonal patterns in the data, rendering it a promising
instrument for forecasting transport CO, emissions in Libya in the forthcoming decades.
By employing the ESM, policymakers and academics can make well-informed judgments
about the implementation of initiatives aimed at reducing carbon emissions and
mitigating environmental impacts. This forecasting methodology enables a more precise
estimation of future patterns in carbon dioxide emissions connected to transportation,
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thus assisting in the formulation of sustainable policies for Libya's transportation
industry. The autoregressive integrated moving average (ARIMA) model will also be
used to find the linear relationship between past and present data points in order to make
forecasts more accurate. Both models are extensively utilized in forecasting and have
demonstrated their efficacy in capturing intricate patterns in time series data. To enhance
the model's robustness, the authors integrates the advantages of ARIMA and ESM,
leading to a more reliable and precise forecast of future emissions levels. This hybrid
technique utilizes the advantages of both models to offer a more thorough examination of
the data and enhance the precision of forecasts. The authors’ objective is to enhance the
reliability of future emissions level forecasts by integrating these two methodologies. The
literature provides comprehensive information on the ARIMA model and its
hybridization approach [9, 35, 38-40, 51, 52, 79, 80]. To fully understand how well this
method works at predicting emissions levels, you need to know a lot about the specifics
of the hybridization process, like how to choose parameters and evaluate models.
Researchers wishing to use this hybrid model should consult these studies for a thorough
manual on its implementation.

3.3 Performance of the Forecast

The carbon dioxide emissions from transportation in Libya exhibit a consistent
and direct correlation over the period from 1990 to 2020, as illustrated in Figure 1. Based
on Figure 1, the coefficient of determination (R*) was 0.886%. This suggests that 88.6%
of the variability in carbon dioxide emissions from transportation in Libya can be
accounted for by the linear correlation found between 1990 and 2020. The high R* value
indicates a robust link between the years and CO, emissions in the transportation sector.
This association has the potential to be valuable in forecasting future patterns of carbon
dioxide (CO;) emissions from transportation in Libya. In addition, a more in-depth
investigation could investigate the underlying reasons influencing this correlation and
propose measures to mitigate emissions. Overall, this illustrates a persistent pattern in
carbon dioxide emissions from transportation during the previous thirty years.
Policymakers must take into account this correlation when developing initiatives to
mitigate carbon emissions in the transportation sector. Comprehending the historical
trend of carbon dioxide (CO,) emissions in transportation can provide valuable insights
for making informed decisions regarding sustainable development strategies.
Policymakers in Libya can establish focused actions to reduce the environmental impact
of transportation activities by acknowledging the influence of previous trends.

The graph in Figure 2 illustrates the expected results of annual transportation CO,
emissions in Libya, using the exponential smoothing model (ESM) and ARIMA time
series models. Figure 2 clearly demonstrates that the ESM model exhibited a steady and
linear rise in transportation CO, emissions between 2022 and 2050. Conversely, the
ARIMA model exhibited a more intricate and non-linear trend of transportation CO,
emissions during the identical time frame. The ESM model is better suited for forecasting
slow and consistent changes in CO, emissions, whereas the ARIMA model is more adept
at capturing fluctuations and anomalies in the data. Both models offer useful insights into
potential patterns in transportation CO, emissions in Libya. The selection between the
ESM and ARIMA models may depend on the distinct attributes of the data and the
intended level of precision in predicting emissions. In precision analysis, error parameters
are the only established measures for evaluating the accuracy of the models.
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The ARIMA model outperformed the ESM model according to the error metrics
shown in Table 1, as it produced a higher R? value of 0.931 than the ESM model's R?
value of 0.878, which was necessary for choosing the best fit models as shown in Table
2. The ESM model had an R? value of 0.878%, an RMSE value of 1.410 MtCOye/yr, a
MAPE value of 7.627%, and a normalized BIC value of 0.909. The ARIMA model had a
lower RMSE value of 1.040 MtCO,e/yr, a MAPE value of 5.805%, and a normalized
BIC value of 0.419, as shown in Table 2. In general, the ARIMA model exhibited better
performance than the ESM model across several error metrics. This suggests that the
ARIMA model would be better suited for accurately forecasting CO, emissions. In
addition, the ARIMA model had a higher R? value of 0.931%, suggesting a superior fit to
the data in comparison to the ESM model. The ARIMA model's reduced RMSE and
MAPE values provide more evidence of its superior prediction ability in this particular
situation.

Table 1. Details of the statistical indicators

S/N Abbreviation Statistical test Expression Ideal value
1 R? Coefficient of determination 2 _ > (0;-P)? One
R =1- |G ——
Zi=1(0i_0ave)2
2 RMSE Root mean square error RMSE = , 1 s (0, - P)? Zero
n
3  BIC Normalized Bayesian Information Criterion BIC = —2log(8) + KlogN Zero
MAPE Mean absolute percentage error MAPE =2 n.0; - P Zero
n

Table 2. Comparison of the performance of the ARIMA and ESM models in
forecasting transport CO, emissions
Training Model Fit statistics
R’ MAPE RMSE BIC
Libya ~ ARIMA 0.931 5.805 1.040 0.419

Libya  ESM 0.878 7.627 1.410 0.909
Autoregressive integrated moving average (ARIMA) model and an exponential smoothing model (ESM)

Country Model #

Due to its superior performance compared to the ESM model, the ARIMA model
was selected to forecast Libya's transportation CO, emissions. The accuracy of the
ARIMA model's best fit was then compared to the documented transport CO, emissions
in the literature. In their study, Qiao ef al. [81] utilized a variety of machine learning
models to predict carbon dioxide (CO,) emissions specifically for the transportation
industry in the United Kingdom. The machine learning models consist of Gaussin process
regression (GPR), long short-term memory (LSTM) networks, gradient tree boosting with
least squares (LSBoost), and random forest (RF). In this study, the ARIMA approach
performed better than [81] machine learning approaches. The ARIMA model reported a
lower RMSE value of 1.040 MtCO,e/yr, while the LSBoost model recorded a higher
value of 1.189 MtCO,e/yr, the random forest (RF) model recorded 1.311 MtCO,e/yr, the
GPR model recorded 1.197 MtCO,e/yr, and the LSTM model recorded 1.920 MtCO,e/yr.
The findings of this study are also found to be superior when compared to other forecast
outcomes regarding transport COe emissions, which were obtained using time series and
machine learning models. This comparison is evident in the publications [7, 42, 43, 82-
84].
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4. The Need to Reduce Libya's Transport Sector CO, Emissions to Meet the
International Energy Agency's Drastic Projections for Global Transport
Sector CO, Emissions Reduction

4.1 Increasing Urbanization

The urbanization trend in Libya is causing a rise in the population residing in
cities, which in turn is creating a greater need for personal vehicles as people look for
easy and adaptable transportation choices. The current situation is worsening the carbon
dioxide emissions in Libya's transportation sector, highlighting the urgent need for the
country to adopt sustainable transportation solutions in order to achieve the International
Energy Agency's ambitious goals of reducing global emissions in the transport sector.
According to a World Bank study, over the past ten years, urbanization in Libya has led
to a 15% increase in the ownership of personal vehicles. Projections indicate that if
existing regulations remain intact, there will be a 25% rise in personal automobile
ownership by 2030, and this trend is anticipated to persist. It is imperative to implement
sustainable transportation solutions in order to meet the increasing demand and decrease
carbon dioxide emissions from the transportation industry. Addressing this issue would
necessitate a thorough strategy encompassing the allocation of resources towards
enhancing public transportation infrastructure, advocating for the use of electric vehicles,
and fostering the use of alternate means of transportation such as cycling and walking. By
promptly taking measures, Libya can strive towards attaining the objectives set by the
International Energy Agency [60] and establishing a more environmentally viable future
for its populace.

4.2 Growth in Population

The population growth necessitates an increased need for transportation services,
which consequently leads to a greater number of automobiles on the road. As per the
World Bank [85], Libya's population is expected to grow at a rate of 2.5% per year,
resulting in an increased need for transportation. The anticipated population growth is
expected to lead to a proportional rise in the number of vehicles on the road, hence
exacerbating the emission of CO, from the transportation industry. In order to achieve the
International Energy Agency's forecasted targets for lowering CO, emissions in the
global transportation industry, Libya must adopt policies and strategies that specifically
target the reduction of emissions from its expanding fleet of automobiles. To alleviate the
environmental impact of the transportation industry in Libya, it is advisable to implement
measures such as encouraging public transportation, investing in electric vehicles, and
enhancing fuel economy standards. Moreover, fostering a greater understanding among
the general public about the significance of adopting sustainable transportation methods
can significantly contribute to the mitigation of carbon dioxide emissions originating
from automobiles.

4.3 Lack of Investment in Public Transportation Infrastructure

Inadequate investment in public transit infrastructure worsens dependence on
private vehicles. Based on research conducted by the World Bank [85], Libya presently
has one of the lowest levels of investment in public transportation infrastructure in the
area, with a mere 0.5% of its gross domestic product (GDP) committed to this sector. The
absence of financial allocation has resulted in a notable increase in both the number of
cars owned and their usage, which has had a substantial impact on the amount of carbon
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dioxide emissions produced by the transportation sector in the country. Libya must
prioritize investment in public transportation infrastructure to reduce dependency on
private vehicles in order to reach the International Energy Agency's target of lowering
global transport sector CO, emissions by 60% by 2050 [60]. This would not only reduce
CO, emissions but also enhance the accessibility and affordability of transportation for all
individuals. Moreover, allocating resources to public transportation can foster economic
expansion and generate employment prospects within the nation. Enhancing the public
transportation system in Libya can effectively alleviate traffic congestion and enhance air
quality in urban regions. This will result in a more robust and enduring ecosystem for
both present and future generations.

4.4 Growth in Commercial Transportation

According to research conducted by the International Energy Agency, the
transportation industry accounts for 23% of worldwide carbon dioxide (CO;) emissions,
with commercial transportation playing a substantial role in this contribution [60]. If no
action is taken, the expected increase in commercial transportation will result in a 60%
rise in CO, emissions by 2050. This emphasizes the urgent necessity for Libya to
undertake policies aimed at reducing emissions in this sector. According to a World Bank
[85] study, commercial transportation in Libya has increased its level of greenhouse gas
emissions by 15% over the past ten years. Projections indicate that there will be an
additional 25% increase in emissions by the year 2030. The economy is experiencing
growth, and there is an increasing demand for products and services. This highlights the
pressing requirement for specific policies and investments to decrease CO, emissions in
the transportation industry. Enacting measures such as advocating for the use of electric
vehicles, enhancing the infrastructure for public transportation, and providing incentives
for fuel-efficient behaviors can effectively reduce the consequences of increasing
emissions. Moreover, allocating funds towards renewable energy sources for
transportation can additionally aid in diminishing carbon footprints in Libya.

4.5 The Increased Frequency and Intensity of Heatwaves

The strong association between the increasing levels of carbon dioxide (CO,) and
the more frequent heatwaves in the region highlights the pressing necessity for Libya to
tackle the emissions from its transportation industry. Adopting sustainable transportation
practices, such as advocating for electric vehicles and allocating resources to enhance
public transportation infrastructure, is essential for achieving global emissions reduction
goals and minimizing the consequences of climate change. Implementing stricter fuel
economy regulations for automobiles and providing incentives for the use of alternative
fuels can also play a significant role in decreasing carbon dioxide emissions in the
transportation industry. Engaging in international cooperation with other nations and
organizations to exchange knowledge and advanced technologies can provide additional
assistance to Libya in attaining its objectives of reducing emissions. Introducing
measures that give priority to the development of walking and cycling infrastructure can
effectively decrease emissions and enhance air quality in metropolitan regions. The
incorporation of renewable energy sources into transportation networks might
additionally reduce greenhouse gas emissions and advance environmental cleanliness.
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5. Scenarios that Support the Mitigation of CO, Emissions from Libya’s
Transport Sector

5.1 Implementing Fuel Efficiency Standards for Vehicles to Reduce Carbon
Emissions

Enforcing fuel efficiency regulations for automobiles is an essential measure for
mitigating carbon emissions from Libya's transportation industry. This program will not
only aid in reducing CO, emissions but also make a significant contribution to the
country's broader sustainability objectives and efforts to protect the environment. Libya
can ensure reduced CO, emissions per kilometer traveled by establishing precise fuel
efficiency regulations for vehicles. This will not only have a positive impact on the
environment, but it will also enhance air quality and promote public health in the country.

5.2 Promoting the Use of Electric Vehicles and Expanding Charging
Infrastructure across the Country

Advocating for the use of electric vehicles not only mitigates the release of
greenhouse gas emissions but also diminishes reliance on fossil fuels. Increasing the
availability of charging infrastructure is vital to ensuring that electric car owners have
easy access to charging stations, hence promoting the adoption of greener transportation
alternatives. Allocating resources towards the development of charging infrastructure
might generate novel employment prospects and foster economic expansion within the
renewable energy industry. By adopting electric vehicles, Libya can make substantial
strides towards attaining its emissions reduction objectives and actively participating in
global endeavors to battle climate change. Moreover, diminishing the dependence on
fossil fuels will additionally enhance air quality and public health in Libya. Investing in
electric vehicle infrastructure is consistent with the nation's dedication to sustainable
growth and environmental preservation.

5.3 Encouraging the adoption of alternative fuels such as biofuels or hydrogen in
the transport sector

Biofuels and hydrogen, which are alternative fuels, have the capacity to greatly
diminish greenhouse gas emissions in the transportation industry, thereby aiding in the
creation of a more sustainable future for Libya. By advocating for the widespread use of
these more environmentally friendly energy sources, Libya can effectively decrease its
carbon dioxide emissions and decrease its reliance on non-renewable energy sources,
ultimately resulting in enhanced air quality and long-term energy stability. The adoption
of alternative fuels can contribute to the diversification of Libya's energy sources and
generate fresh economic prospects in the renewable energy industry. Furthermore, by
investing in alternative fuels, Libya can effectively fulfill its international obligations to
decrease carbon emissions and address the issue of climate change. By adopting these
more environmentally friendly energy sources, Libya can establish itself as a prominent
participant in sustainable transportation practices and serve as a model for other nations
to emulate.

5.4 Implementing Policies to Incentivize Carpooling and Ride-Sharing Services
Enforcing measures to encourage carpooling and ride-sharing services can

effectively diminish the number of individual vehicles on the road, resulting in a decline

Tr Ren Energy, 2025, Vol.11, No.1, 1-23. doi: 10.17737/tre.2025.11.1.00185 13



Peer-Reviewed Article Trends in Renewable Energy, 11

in carbon emissions. By advocating for these sustainable modes of transportation, Libya
can strive towards attaining its environmental objectives and establishing a transportation
sector that is more effective and environmentally conscious. In addition, allocating
resources to provide infrastructure that facilitates carpooling and ride-sharing, such as
dedicated lanes or parking areas, might further incentivize individuals to opt for these
alternatives instead of driving alone. This can also mitigate traffic congestion and
decrease the overall carbon footprint of the transportation sector in Libya. The
government can encourage a transition to more environmentally friendly forms of
transportation by providing incentives and enhancing infrastructure.

5.5 Introducing Congestion Pricing to Reduce Traffic Congestion and Emissions
in Urban Areas

Congestion pricing is imposing a charge on motorists for utilizing particular
roadways or accessing specified areas during periods of high demand. This approach can
effectively alleviate traffic congestion by incentivizing the use of alternate transportation
modes and encouraging travelers to adjust their travel schedules. By applying this
strategy in metropolitan areas of Libya, it is possible to not only reduce CO, emissions
from the transport sector but also enhance air quality, resulting in a healthier and more
sustainable environment for residents. Furthermore, congestion pricing can also yield
income that can be reinvested in enhancing public transportation infrastructure, providing
further motivation for the use of environmentally friendly modes of transportation.
Implementing this comprehensive strategy can lead to a substantial decrease in
greenhouse gas emissions and provide a more streamlined and eco-friendly transportation
system in Libya.

5.6 Implementing Stricter Vehicle Emission Standards and Regular Inspections
to Ensure Compliance

Enforcing more stringent vehicle emission regulations and conducting frequent
inspections are essential measures for decreasing the carbon footprint of Libya's
transportation industry. By implementing these steps, the nation can effectively reduce
detrimental emissions, enhance air quality, and make a valuable contribution to global
endeavors in addressing climate change. Moreover, the adoption of these standards might
also result in technological and infrastructural progress within Libya's transportation
sector. This will not only have a positive impact on the environment but also generate
prospects for economic expansion and advancement in the nation.

5.7 Encouraging Telecommuting and Flexible Work Arrangements to Reduce the
Need for Daily Commuting

Promoting telecommuting and flexible work arrangements can substantially
diminish the number of vehicles on the road, resulting in a decline in greenhouse gas
emissions from transportation. This strategy not only aids in reducing CO, emissions but
also fosters a more balanced work-life equilibrium for employees, thereby enhancing
productivity and job contentment. By minimizing the necessity for daily travel to work,
employees can save on time and expenses related to transportation while also making a
positive impact on the environment by lowering pollution. Moreover, the implementation
of telecommuting and flexible work arrangements can effectively mitigate traffic
congestion and enhance the overall air quality in urban regions. In general, advocating for
telecommuting and flexible work arrangements can provide favourable outcomes for both
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the environment and the well-being of employees. It is an enduring solution that has
advantageous effects for both humans and the planet over an extended period of time.

6. Study’s Insights and Concluding Remarks

The global change assessment model of the ClimateWatch database did not
incorporate CO, emissions from the transportation sector in Libya. Hence, the authors
employed a time series methodology to forecast the past Libyan carbon dioxide (CO;)
emissions in the transportation industry, spanning from 1990 to 2022. Subsequently,
these forecasts were extrapolated to encompass the period from 2023 to 2050. Using the
time series approach, the authors were able to obtain a more accurate estimation of the
trends and patterns in CO, emissions in Libya's transportation sector throughout the
specified time period. The authors effectively rectified the shortcomings of the global
change assessment model and conducted a comprehensive analysis of Libya's carbon
emissions in the transportation sector through the utilization of this method. The achieved
results include a comprehensive comprehension of the historical patterns in CO,
emissions in Libya's transportation sector, precise forecasts for future emissions until
2050, and valuable insights into potential strategies for mitigating carbon emissions in the
country.

The carbon dioxide emissions from transportation in Libya have a consistent and
direct correlation between 1990 and 2020, with a coefficient of determination (R2) of
0.886%. This indicates a robust link between the years and CO, emissions in the
transportation sector, which could be valuable in forecasting future patterns of CO,
emissions in Libya. Policymakers must consider this correlation when developing
initiatives to mitigate carbon emissions in the transportation sector. Understanding the
historical trend of carbon dioxide emissions in transportation can provide valuable
insights for making informed decisions regarding sustainable development strategies.

The exponential smoothing model (ESM) and ARIMA time series models were
used to predict annual transportation CO; emissions in Libya. The ESM model showed a
steady and linear rise in transportation CO, emissions between 2022 and 2050, while the
ARIMA model exhibited a more intricate and non-linear trend. Both models offer useful
insights into potential patterns in transportation CO, emissions in Libya. The selection
between the ESM and ARIMA models may depend on the distinct attributes of the data
and the intended level of precision in predicting emissions.

The ARIMA model outperformed the ESM model according to error metrics,
producing a higher R* value of 0.931 than the ESM model's R* value of 0.878. This
suggests that the ARIMA model would be better suited for accurately forecasting CO,
emissions. In general, the ARIMA model exhibited better performance than the ESM
model across several error metrics, suggesting that it would be better suited for accurately
forecasting CO, emissions. The ARIMA model was selected to forecast Libya's
transportation CO, emissions due to its superior performance compared to the ESM
model. In their study, Qiao et al. [81] utilized various machine learning models to predict
carbon dioxide emissions specifically for the transportation industry in the United
Kingdom. The ARIMA approach performed better than Qiao et al.''s [81] machine
learning approaches, with the ARIMA model reporting a lower RMSE value of 1.040
MtCO,e/yr, while the LSBoost model recorded a higher value of 1.189 MtCO,e/yr, the
random forest model recorded 1.311 MtCOse/yr, the GPR model recorded 1.197
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MtCO,e/yr, and the LSTM model recorded 1.920 MtCO,e/yr. This comparison is evident
in publications [7, 42, 43, 82-84].
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