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Abstract. Morocco, along with numerous other nations, is exploring the potential
of electric vehicles (EVs) to reduce dependence on fossil fuels and mitigate the
impacts of cli-mate change. This study undertakes the prediction of energy de-
mand in the transport sector by 2050 utilizing artificial intelligence algorithms.
Various scenarios regarding the integration of electric vehicles and their impacts
on energy demand and CO2 emissions are examined. Initially, neural networks
(ANN) are employed to generate efficiency indicators (El), such as average ve-
hicle kilometers traveled (AVKM) and stock vehicles (SV), from socio-economic
indicators (SEI). Subsequently, the energy demand of the Moroccan transport
sector from 1990 to 2017 is modeled, and this model is validated using real data.
Subsequently, energy demand from 2017 to 2050 is predicted, analyzing six sce-
narios: the first scenario serves as the reference scenario with-out EVs. Following
this, four scenarios entail the integration of EVs with increasing penetration rates
(10%, 30%, 80%, and 100% of new cars being EVs each year). Finally, scenario
six corresponds to the conversion of the entire car fleet to EVs.
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1 Introduction

The integration of EVs into transportation systems has become an essential strategy
for reducing greenhouse gas emissions and mitigating the environmental impacts of
traditional fossil fuel-powered vehicles (TFFV). In the context of Morocco, a country
grappling with both the challenges of urbanization and the imperative of transition to-
wards sustainable energy practices, the adoption of electric vehicles presents a promis-
ing path towards achieving the objectives of the energy transition and environment.
According to the International Energy Agency (IEA) [1] the transport sector represents
approximately 36% of total energy consumption (fig 1), in Morocco, with the majority
of this energy coming from fossil fuels.
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Fig. 1 Classification of energy consumption per sector in 2021

One major obstacle to the efficient application of energy efficiency indicators in
guiding policy-making procedures in developing countries is the lack of thorough data.
This problem needs coordinated efforts to improve the relevance of such indicators
within policy frameworks and to make it easier to produce pertinent data[2]. Artificial
neural networks (ANNS) have been shown to be effective in modeling complex energy
systems for the purpose of energy and CO2 forecasting in recent research in the sub-
ject[3]. Remarkably,[4]. highlights the promise of ANN-based systems by demonstrat-
ing their ability to use historical energy data from the European Union going back to
1990 to estimate energy system behavior up to the year 2050. This emphasizes how
very important cutting-edge computational methods, including ANNSs, can be in im-
proving the predictive capacities necessary for well-informed development and appli-
cation of energy policies.

In response to sustainability challenges, Morocco's government is committed to tran-
sitioning to a more sustainable transportation system through initiatives like the Na-
tional Strategy for Sustainable Development and renewable energy development [5].
To successfully integrate electric vehicles (EVs), understanding their potential impact
on energy demand and infrastructure requirements is crucial. Morocco has demon-
strated strong dedication towards promoting EV infrastructure by launching a public
awareness campaign, investing in charging stations, offering tax benefits for EV pur-
chases, and planning to build 2,500 new charging stations by 2026 across key towns
such as Rabat, Casablanca, and Tangier. The company aims to produce 40k EVs annu-
ally with plans to increase output to 100k by 2025 [6].

This highlights the urgency of switching to cleaner and more efficient transport so-
lutions. This research aims to model the energy demand of the transport sector and
analyze the implications of the integration of electric cars on energy demand in Mo-
rocco by 2050.

In this paper, neural network prediction models for energy demand in the transpor-
tation industry are first generated. To this end, socio-economic factors are used to cal-
culate efficiency measures like AVKM and vehicle stock (SV). Second, six scenarios
are examined: the reference scenario without EV is the first; four scenarios correspond



to the integration of EVs with increasing penetration rates (10%, 30%, 80%, and 100%
of new cars being EVs each year); and scenario six corresponds to the conversion of
the entire car fleet to EVs. Through this analysis, the aim is to offer insight into the
potential impacts of electric vehicle adoption on energy demand dynamics, thereby in-
forming policy decisions aimed at promoting sustainable transport in Morocco

2 Modeling the energy demand of the transport sector

2.1 Neuron network modeling

The generation of efficiency indicators (El) from socio-economic indicators (SEI)
was achieved through the implementation of a neural network (ANN) modeling ap-
proach. Individual ANN models were crafted for each El variable, encompassing aver-
age vehicle kilometers traveled (AVKM), vehicle stock (SV), average occupancy (AO),
average load (AL), and fuel economy (FE)[7].

The architecture of the ANN comprised an input layer, one or more hidden layers,
and an output layer. Determination of the optimal number of hidden layers and neurons
in each layer ensued via a hyperparameter tuning process, leveraging the Keras Tuner
library, particularly the RandomSearch tuner. This facilitated a systematic exploration
of diverse hyperparameter combinations to minimize validation loss.

Training and validation of the ANN models utilized a dataset spanning 28 European
countries across the years 1990 to 2019. Socio-economic indicators (SEI) such as pop-
ulation (P), gasoline pump price (PPG), gross domestic product (GDP), household final
consumption expenditure (HFCE), purchasing power parity (PPP), diesel pump price
(PPD), price index (PI), and population density (PD) were employed as input features,
while efficiency indicators (EI) constituted the target variables.

Preprocessing of the data encompassed handling missing values by dropping rows
with NaN values and normalizing input features (SEI) and target variables (El) via min-
max scaling. The training set constituted 70% of the data, with 15% allocated for both
validation and testing.

Training of the ANN models extended to a maximum of 1,000 epochs, employing
early stopping mechanisms to mitigate overfitting. The Adam optimizer was deployed,
with mean squared error (MSE) serving as the loss function (fig 2).
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Fig. 2 Neuron network model
2.2 Calculate the energy consumption and total Co2 emission

Total energy consumption by transport sector.

This indicator shows the overall amount of energy used by the transport sector over
a certain period. Its objective is to monitor the overall energy consumption of the
transport sector.

The formula (1) shows how to determine this type of energy demand for a vehicle
of type i using fuel of type j in a mode of transport m in year z. [8] [4].

Formula 2 shows how to determine the energy demand for an electric vehicle of type
i in a transport mode m in year z.

Ecy, =Y SV, x AVKM,) , X FE;} , X CV 1)

Where CV: is the quantity of heat produced during the combustion of fuel.
Eevi,, = SVi, , x AVKM!, , x FEL , (2)

Where Eev : Total energy consumption by EV

Total CO2 emissions: Tco2.



The amount of total CO2 emissions associated with, the carbon dioxide emission
factor (EF) during fuel production, and the total kilometers driven during the vehicle's
life cycle [9].

Tcor = AVKM,), X EF (3)
2.3 Model validation

Employing data from the transport sectors of Belgium, Denmark, and Germany (which
makes about 15% of the original data), the model produced by the ANN was validated.
The model took as inputs the socioeconomic indicators (SEI) of these nations, and as
outputs the efficiency indicators (IE). Using equation (1), the energy demand of these
nations was determined and then compared to the real demand (Fig 3).The Figure 3
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Fig. 3. Energy demand for the (Denmark, Germany and Belgium)

illustrates a similar result between the real and calculated data according to R2 > 97 %.
That’s shows the efficiency of our ANN model

2.4 Energy Consumption for Morocco



From the ANN model, we calculate the car’s energy consumption using SEI of Mo-
rocco between 1990-2017. As illustrated in Figure 4
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Fig. 4. The car’s energy consumption in Morocco from 1990 to 2017

The concept of scenario analysis appears to be a powerful tool for forecasting and
decision-making regarding the adoption of electric vehicles. To predict the energy con-
sumption of the Moroccan transport sector, we propose in this study six scenarios:

e Scenario 1 (reference scenario): - This scenario envisages a continua-
tion of the current situation: all new cars will remain conventional,
from 2017 to 2050.

e Scenarios 2 to 5: it is proposed to introduce a percentage of new elec-
tric cars each year from 2018 (10%, 30%, 80% and 100%).

e Scenario 6: complete conversion of the entire vehicle fleet to EV — this ambi-
tious scenario reflects a global transition to electric mobility.

Table 1. Characteristic of each car type

Types of Fuel type Power (Ch) Consumption Co2 emis-
cars sion fac-
tor(g/km)
EV Electric 95 15.7 (kWh/100km) 0
TFFV Diesel 98 4 (L/100km) 119

Table 1 presents the main characteristics of the two types of vehicles used in our
study: electric vehicles and TFFVs. The table includes information on engine power,
fuel consumption (FE) and CO2 emission factors (EF).



3 Results and discussion

3.1

Analys the energy consumption

The diagram depicted in Figure 5 showcases Morocco's projected energy consump-
tion by automobiles through the year 2050. In subfigure 5-a, all new cars (NC) are
depicted as traditional fossil fuel vehicles (TFFVs). Subsequently, in subfigure 5-b, it
is illustrated that 90% of new cars are TFFVs while the remaining 10% are electric
vehicles (EVs). Moving forward to subfigure 5-c, the representation indicates a shift
where 70% of new cars are TFFVs and 30% are EVs. Subfigure 5-d illustrates a

Table 2. Electric Vehicle Adoption Projections and Total Fleet Size: 2017-2050

Years 2017 2025 2030 2035 2040 2045 2050
Nb 2856471 3599651 4017360 3895928 4201660 4933085 5884536
TFFV

Nb new 0 634945 1052655 931222 1236954 1968379 2919830
cars

Nb 0 63494 105265 93122 123695 196838 291983
EV10

%

Nb EV 0 190483 315796 279366 371086 590514 875949
30%

Nb 0 507956 842124 744977 989563 1574703 2335864
EV80

%

Nb EV 0 634945 1052655 931222 1236954 1968379 2919830
100%

scenario where 20% of new cars are TFFVs, contrasting with 80% being EVs. Sub-
sequently, in subfigure 5-e, a hypothetical scenario is presented where none of the new
cars are TFFVs, and all are EVs. Lastly, subfigure 5-f portrays the scenario wherein the

entire automobile fleet is converted to EVs.
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Fig. 5. Energy consumption for each type in GWh for all scenarios

In reference scenario 1, the quantity of energy consumed followed a trajectory which

increased from 18.07 GWh in 2017 to 23.87 GWh in 2050.In scenario 2, energy con-
sumption will reach 22.91 GWh in 2050. This corresponds to a 3% reduction in energy
consumption compared to the reference scenario. In scenario 3, there is a 10% reduction
in energy consumption (21.39 GWh in 2050). Estimates of energy consumption in 2050

in Scenarios 4 and 5 decreased further, to 17.58 GWh and 16.05 GWh, representing
reductions of 26% and 32%, respectively, compared to the baseline scenario. These
results highlight the potential contribution of EV adoption to moderating trends in en-
ergy consumption in the near future.



3.2 Analys the Co2 emission
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Fig. 6 CO2 emissions from 2017 to 2050 for each scenario.

Figure 6 illustrates the positive effect of the integration of electric vehicles (EVs) on
CO2 emissions from 2017 to 2050. The base scenario shows a constant increase in
emissions, reaching almost 8 Mt in 2050. However, as adoption rates of electric vehi-
cles increase, there is a notable decrease in CO2 emissions (for example: in scenarios
3, 4, and 5 the reductions are 15%, 41%, and 51% respectively)

4 Conclusion

This comprehensive study employed a robust artificial neural network (ANN) mod-
eling approach to generate efficiency indicators (EI) from socio-economic indicators
(SEI) for the Moroccan transport sector. Drawing upon a dataset of 28 European coun-
tries, the ANN model was deployed to the Moroccan context, leveraging the relevant
SEls obtained from the HCP [10]to identify the corresponding Els. This data-driven
methodology enabled the calculation of energy consumption for automobiles in Mo-
rocco.

The study then utilized the ANN-based model to assess six distinct scenarios pro-
jecting the integration of electric vehicles (EVs) into the Moroccan transport system.
The scenarios ranged from a reference case with 0% EV adoption to a complete con-
version of the entire vehicle fleet to EVs by 2050. Additionally, the analysis examined
the impact of these scenarios on CO2 emissions.

The scenario analysis conducted in this study provides compelling evidence of Mo-
rocco's potential to accelerate the adoption of electric vehicles (EVs) and reduce the
environmental impact of its transport sector. The table 2 presents a comprehensive
overview of projected trends in vehicle types from 2017 to 2050, including data on
Total Fleet Fuel Vehicles (TFFV), new cars, and various EV adoption rates. This data
illustrates the expected evolution towards electric mobility and the overall composition
of the vehicle fleet. The 10% EV adoption scenario aligns closely with Morocco's
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demonstrated dedication towards promoting EV infrastructure and production, as high-
lighted in the introduction[6]. These strategic initiatives, combined with the country's
favorable geographic location, abundant renewable energy resources, and skilled auto-
motive workforce, substantiate the feasibility and credibility of the EV adoption trajec-
tories.

The analysis concludes by showing that Morocco's adoption of electric vehicles has
a large potential to lower energy consumption and greenhouse gas emissions. Com-
pared to the reference scenario, a complete conversion of the fleet to EVs by 2050 re-
sults in an 80% reduction in energy consumption and 0% in CO2 emissions. These
results highlight that the promotion of electric vehicles contributes to achieving Mo-
rocco's sustainable development goals and plays an essential role in mitigating the im-
pacts of climate change.

Knowledge: The paper is prepared within the framework of the EMERGE project,
Call for proposals: HORIZON-CL5-2022-D3-02. Project number: 101118278. Type of
action: Research and innovation actions HORIZON, 2023
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