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Abstract: During the last two decades, problems related to high-energy consumption and greenhouse
gas (GHG) emissions by the transportation sector have arisen. Therefore, several alternatives have
been investigated, in order to reduce the dependence on the conventional fuels that are used by land
transportation modes. One of these promising alternatives is the electric vehicles (EVs), which seem to
be the future replacement for conventional vehicles. Thus, this study aims to quantify the energy and
the environmental implications of EVs in Palestine in 2030, considering that the current percentage of
EVs is almost 0%. In this study, the needed parameters related to the number of vehicles and energy
costs by source in Palestine were collected. Then, several prediction models have been developed in
order to determine the energy and environmental implications of EVs in 2030, considering that 10%
of conventional vehicles could be replaced by EV during the next 10 years (2020–2030). The results
have showed that this could save USD 464.31 million in operating energy costs during 2030 (one year
of saving). More specifically, this number is almost equal to 3.18% of the gross domestic product
(GDP) of Palestine in 2018. Furthermore, significant amounts of GHG emissions could be reduced.
The reduction (during 2030) in NH4, N2O, and CO2 emissions could be around 10.51%, 10%, and
6.86%, respectively.

Keywords: electric vehicles in Palestine; electric vehicles impact; energy impacts; environmental
impacts; energy in Palestine; environment in Palestine; conventional vehicles

1. Introduction

Recently, due to projected shortage of crude oil and the urgent need of reducing greenhouse
gas (GHG) emissions, more efforts and resources have been spent on developing a sustainable
transportation system that can address the climate change challenge and reduce oil dependence [1,2].
Among many innovative technologies, developing electric vehicles (EVs) has been one of the most
effective approaches to reduce GHG emissions and oil dependence.

The problem of GHG emissions that are produced from the transportation sector is one of the
main environmental problems in Palestine. In 2014, the total amount of CO2 emissions produced
by transportation sector was 2364.9 thousand tons, namely about 74.4 percent of the national CO2

emissions [3].
The high price of fuel is another problem that the transportation sector faces in Palestine. More

specifically, the average gasoline price (per liter) in 2019 was about USD 1.75, while the world average
price was about USD 0.99 [4]. In other words, the average fuel price in Palestine is about 177% in
relation to the world’s average.

Generally, EVs are more energy efficient and less noisy than internal combustion vehicles (ICVs).
Furthermore, the environmental impacts of EVs using renewable energy sources seem to be more
realistic than the extensive use of conventional fuels for ICVs [5]. Despite all of these benefits, the
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percentage of registered EVs in Palestine was about 0 percent in 2018, due to several restrictions on
cars’ importing through Israel’s seaports and borders [3].

The indirect CO2 emissions from EVs vary significantly among regions, based on the source of
electricity. However, EVs powered by hydropower-based electricity could significantly decrease the
CO2 emission; whereas, EVs powered by coal-based electricity could increase CO2 emissions by 7.3
percent, compared to ICVs [6].

In Palestine, the absence of studies and information related to EVs, makes it difficult for decision
makers and companies to consider this sector in short-term and even-long term plans; moreover, this
makes people confused about the implications and benefits of owning EVs. However, this study does
not address all aspects of EVs, it aims to offer the basic information and indications about the expected
implications of EVs in Palestine, and to pave the way for more comprehensive studies in this field.

This study aims to assess the energy and the environmental implications of future use of EVs
in Palestine. These implications depend mainly on the source of electricity in Palestine, projected
fuel rates, projected electricity rates, and projected total vehicle-kilometer of travel. The study has
quantified the implications of replacing 10% of conventional vehicles with EVs within the next 10 years
(2020–2030). Using a specific percentage of replacement (10%) is only to provide an indication of the
energy and environmental benefits that could be obtained by using EVs.

2. Literature Review

During the last two decades, several studies have investigated the implications of using electrical
vehicles from different aspects. The results of the studies have varied significantly among regions.
In some regions, the studies have proven significant benefits of using EVs, while, in other ones, the
studies have proven insignificant benefits. On the contrary, in few regions, some studies have showed
negative attributes of using EVs.

Thus, impacts assessment of using EVs depends on many factors, which should be investigated
based on regions, since these factors vary significantly among regions. For example, energy and
environmental assessments of using EVs (as in this study) depend mainly on the source of electricity,
fuel rates, electricity rates, electricity efficiency (electricity consumption) of EVs, and expected gas
emissions by EVs (gas emissions at electricity plants).

Around the world, several studies have tried to quantify the energy and the environmental
impacts of using EVs in specific regions. Lang et al. [7] conducted one of these studies in China. The
expected environmental and energy impacts of EVs during 2010–2020 were investigated through an
energy conversion analysis. The results showed that EVs could reduce the energy consumption by
18%. Moreover, a significant reduction in CO2 emissions could be obtained by using EVs.

Likewise, Huo et al. [6] conducted a study in China in order to evaluate the future environmental
impacts of EVs. The study determined the expected GHG emission that could be produced in order to
generate the amount of electricity that is required for the EVs’ operation. The results showed that a
significant reduction in CO2 emissions could be obtained by EVs in regions where hydropower is the
main source of electricity. In regions where the coal is the main source of electricity, a slight reduction
in CO2 could be obtained, and a significant increase in NOx could be obtained by EVs.

In Germany, a study conducted by Braun and Rid [5] determined the difference in energy
consumption between one ICV and an equivalent EV. The vehicles were equipped with several devices,
in order to measure the energy consumption data during operation. The two vehicles travelled within
a specific route around the city of Erfurt, Germany. The relative energy efficiency advantage of electric
vehicle was about 77% for urban driving compared to ICV.

In the United States, a study conducted by Brennan and Barder [8] determined the true cost and
environmental impacts of EVs, depending on each component of the vehicle. The study indicated that
the electricity cost associated with operating an EV over a distance of one mile is significantly lower
than the gasoline cost required to operate a comparable ICV over the same distance.
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Another study was conducted by Kawamoto et al. [9] to estimate the CO2 emissions of ICVs and
EVs. In the study, the CO2 emissions of conventional gasoline and diesel ICVs were compared with
the ones produced in power plants, in order to provide the EVs with the required electricity. The US,
the European Union, Japan, China, and Australia were selected as the reference regions for vehicle
operation. The results showed that in these regions, where the renewable energy sources were used in
electricity production, the total amount of CO2 emissions produced in electricity plants was lower than
the amount produced by ICVs.

In Palestine, where the EVs importing started in 2019, the number of EVs is still very close to
0%; as such, there are no previous studies addressing this subject. However, there are a few studies
addressing the environmental impacts of improving the existing traffic systems, such as [10]. Therefore,
it is highly recommended to have a future energy and environmental assessment of EVs. Thus, this
study aims to determine the future energy and environmental impacts of EVs in Palestine in 2030,
assuming that 10% of the conventional ICV could be replaced with EVs during the next 10 years
(2020–2030). In order to achieve this impact assessment, projected gas emissions by EVS (at electricity
plants), projected total vehicle-kilometers of travel, projected emissions from ICVs, fuel rates, and
electricity rates have been determined, using prediction models.

3. Data and Methodology

In this study, a large amount of data has been initially collected from several sources. The data
included the annual total number of vehicles (1994–2017), the total vehicle-kilometers of travel by
diesel and gasoline ICVs, the fuel efficiency factor (consumption rate) for diesel and gasoline ICVs
(2018), the diesel and gasoline fuel rates (1998–2020), the electricity rates (2004–2020), the sources of
electricity (coal, oil, natural gas, wind, solar), and the amount of electricity produced from each source
in Palestine.

Then, prediction models for the total number of vehicles, gasoline and diesel fuel rates, and
electricity rates have been developed, in order to determine the energy and environmental implications
of EVs in 2030, in case that 10% of ICVs are replaced by EVs during the next 10 years (2020–2030), as
shown in Figure 1. The 10% replacement has been used as an indication about the expected benefits
from EVs.
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In this study, the exponential smoothing method has been used in developing the prediction
models. This method applies an unequal set of weights to past data, and since the weights typically
decay in an exponential manner from the most recent to the most distant data point, and this method
is known as the exponential smoothing method [11].

The principle of exponential smoothing is to smooth the original series the way the moving
average does, and to use the smoothed series in forecasting future values of the variable of interest. In
exponential smoothing, the more recent values in the series have greater influence on the forecast of
future values than the more distant observations. Exponential smoothing is a simple and pragmatic
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approach of forecasting, whereby the largest weight is given to the present observation, less weight to
the immediately preceding observation, even less weight to the observation before that, and so on.
Assuming that the observed time series are y1, y2, . . . , yn, the simple exponential smoothing equation
could be written as in Equation (1) [12].

yˆ
i+1 == αyi + (1 − α) yˆ

i (1)

where yi is the actual, known series value for time period i, yˆ
i is the forecast value of the variable Y for

time period i, yˆ
i+1 is the forecast value for time period i + 1, and α is the smoothing constant.

3.1. Prediction of Vehicle-Kilometres of Travel

First, vehicle-kilometers of travel by gasoline and diesel cars in 2014 (the only available yearly
data) have been acquired from the Palestinian Central Bureau of Statistics [3]. Then, the exponential
smoothing method has been used to develop a prediction model for the number of vehicles in 2030,
using the annual number of vehicles (1994–2017) acquired from the Palestinian Central Bureau of
Statistics (2018). Based on the percentage increase in the number of vehicles between 2014 and 2030,
the expected vehicle-kilometers of travel in 2030 has been determined.

3.2. Prediction of GHG Emissions by ICVs

Using the predicted vehicle kilometers of travel in 2030 and the average fuel efficiency factors
(consumption rate km/L) for diesel and gasoline cars in Palestine, the expected consumed amounts
of diesel and gasoline by ICVs in 2030 have been calculated separately. Then, based on the average
global emissions rate from diesel and gasoline fuels combustion, the expected total amount of GHG
emissions by ICVs in 2030 has been calculated.

3.3. Prediction of Gas Emissions by EVs

Based on the predicted vehicle-kilometers of travel in 2030, and using a 10% of these kilometers to
be travelled by EVs, the total consumed electricity by EVs has been calculated based on the average
world electricity consumption rate of EVs (Km/Kwh). Next, the total amount of GHG emissions
produced in the electricity plants to generate these amounts of electricity have been determined, based
on the source of electricity in Palestine (natural gas, coal, oil, wind, solar) and the percentage of
emissions from each of these sources.

3.4. Prediction of Fuel Cost Consumed by ICVs

Two prediction models have been developed to determine the expected diesel and gasoline fuel
rates in 2030. Then, these data have been used, together with the predicted amount of diesel and
gasoline fuel used by ICVs in 2030, in order to estimate the expected total cost of diesel and gasoline
fuels to be used by ICVs in 2030.

3.5. Prediction of Electricity Cost by EVs

A prediction model has been developed to predict the electricity rates (USD/MWh) in 2030. Using
these data, together with the predicted amount of consumed electricity by EVs in 2030, the expected
total cost of electricity consumed by EVs in 2030 has been determined.

3.6. Determining the Energy and Environmental Implications of EVs

In this study, the energy consumption was determined based on Tank-to-Wheel (TTW) method,
since it is the simplest method that could clarify the energy cost implications. In order to determine the
energy cost that can be saved in 2030 by replacing 10% of the ICVs by EVs, the expected total cost of
consumed fuels by ICVs in 2030 (Case I: 100% ICVs and 0% EVs) has been deducted by the expected
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total cost of the consumed energy by ICVs and EVs (Case II: 90% ICVs and 10% EVs), as shown in
Figure 2.
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Similarly, in order to determine the amounts of GHG emissions that can be reduced in 2030 by
replacing 10% of the ICVs by EVs during the next 10 years (2020–2030), the expected amounts of GHG
emissions produced by ICVs in 2030 (Case I: 100% ICVs and 0% EVs) have been deducted by the
expected amounts of GHG emissions produced by ICVs and EVs (Case II: 90% ICVs and 10% EVs), as
shown in Figure 3.
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(2030).

In this study, the electricity generation emissions were assumed to be the same during the next 10
years, since that there is no official announced plan for a significant development in electricity power
plants during the next 10 years. Efficiency improvements in ICVs and EVs during the next 10 years
were neglected, since the majority of current vehicles will continue to be used for the next 10 years.
Furthermore, the efficiency of both ICVs and EVs could be improved simultaneously, and this could
keep the same trends. Moreover, charging infrastructures, modification to the distribution network,
and the transmission and charging losses of electric vehicles were not included in this study.

4. Analysis and Discussion

In this study, the energy and the environmental implications of EVs in 2030 have been determined,
in case 10% of ICVs will be replaced with EVs during 2020–2030. The analysis is presented in terms of
annual vehicle-kilometer of travel, environmental impact, and energy impact.

4.1. Annual Vehicle Kilometres of Travel

The estimated total vehicle-kilometers of travel, based on 2014 data (the only available yearly
data), by gasoline and diesel vehicles were 5106 and 8882 million kilometers, respectively [3]. In order
to estimate the total vehicle-kilometers of travel in 2030, data related to annual number of vehicles
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between 1994 and 2017 [13] have been initially used to develop a prediction model using Holt’s linear
exponential smoothing method. Figure 4 shows the fit and observed data of the model.
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Figure 4. Fit and observed data of model for number of vehicles.

The model has been developed using IBM SPSS 25, and the results of fit statistics have shown that
the model has a good prediction fitness level (see Table 1), which has been the highest among other
models (average moving, ARIMA, single exponential models, etc.).

Table 1. Goodness-of-fit statistics (vehicles’ prediction model).

Fit Statistics Mean

R-squared 0.950
RMSE 14,256.488
MAPE 7.924
MAE 11,209.318

Based on the developed model, the estimated total number of vehicles in 2030 would be 620,932,
while the total number of vehicles in 2014 was 244,515 [3]. In other words, there is an expected
153.9% increase in the number of vehicles. Using the same increase rate, the estimated annual
vehicle-kilometers of travel in 2030 would be 12,964 and 22,551 million kilometers for gasoline and
diesel vehicles, respectively.

4.2. Environmental Impacts of EVs

According to the Palestinian Central Bureau of Statistics [12], the average fuel efficiency
(consumption rate) of gasoline and diesel vehicles in Palestine are 0.11 and 0.12 (L/km). Based
on this data, and using the estimated total travelled kilometers in 2030, the estimated amounts of diesel
and gasoline fuels by ICVs in 2030, assuming that there are no EVs, will be 1409 and 2767 million
liters, respectively.

Based on the estimated amounts of diesel and gasoline by ICVs in 2030, and using the average
amounts of GHG emissions by diesel and gasoline combustion (emissions/L of fuel), the total amount
of GHG emissions by ICVs in 2030 could be estimated. The average amounts of CH4, N2O, and CO2

emissions produced by gasoline combustion in ICVs are 0.72, 0.05, and 2597.87 gm/L, respectively. The
average amounts of emissions produced by diesel combustion in ICVs are 0.04, 0.16, and 2924.90 gm/L,
respectively [14]. Thus, the estimated total amount of CO2, N2O, and CO2 emissions in 2030 by ICVs
(100% ICVs, 0% EVs) can be calculated as shown in Table 2.
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Table 2. Estimated amounts of GHG emissions by ICVs (100% ICVs, 0% EVs), 2030.

Gas Emissions Gasoline ICVs Diesel ICVS Total

CH4 (ton) 1014.48 110.68 1125.16
N2O (ton) 70.45 442.72 513.17
CO2 (ton) 3,660,398.83 8,093,198.30 11,753,597.13

In order to estimate the GHG emissions by EVs (emissions at power plants) in 2030, assuming
that 10% of ICVs will be replaced by EVs, the total amount of consumed electricity in 2030 has
been estimated, based on the estimated total travelled kilometers in 2030 and the average electricity
consumption (electricity efficiency, kWh/km) by EVs. Since the average electricity consumption for
all the EVs produced in 2020 is 0.186 kWh/km [15] and the total estimated travelled kilometers by
both diesel and gasoline vehicles is 2030 is 35,515 million kilometers, the estimated total consumed
electricity by EVs (Case II) in 2030 would be 660,579 MWh.

Estimating the GHG emissions by EVs depends mainly on the source of the electricity (coal, oil,
natural gas, etc.). In Palestine, the consumed electricity power is imported mainly from Israel, which
depends on several sources for electricity generation. These are: (1) oil, 42%; (2) natural gas, 35%; (3)
coal, 21%; and (4) others, 2% [16], as shown in Figure 5. Since the coal-based electricity is not the major
source of electricity, the expected amounts of GHG emissions could be significantly lower than the one
of many other countries, such as China, with a coal-based electricity of more than 70% [7].
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Based on the amounts of emissions in Table 3 for each source of electricity, the estimated amounts
of GHG emissions for CH4, N2O, and CO2 are 8.40 gm/MWh, 7.11 gm/MWh, and 637 kg/MWh,
respectively [17]. Therefore, the estimated total amounts of GHG emissions in 2030 (90% ICVs + 10%
EVs) for CH4, N2O, and CO2 are 1018.19 (1012.64 + 5.55), 466.55 (461.85 + 4.70), and 10,999,028.90
(10,578,240 + 420,788.90) million tons, respectively.

Table 3. Amounts of GHG emissions, based on source of electricity (gm/MWh).

Source of Electricity CO2 (gm/MWh) N2O (gm/MWh) CH4 (gm/MWh)

Coal 900,000 18 9
Oil 650,000 7 11

Natural Gas 470,000 1 5

The differences in GHG emissions between Case I and Case II are the amounts of GHG emissions
that could be reduced in 2030 by replacing the 10% replacement, as shown in Table 4.

As shown in Table 4, replacing 10% of ICVs by EVs during the next 10 years could achieve a 10.51%,
10.00%, and 6.86% reduction in CH4, N2O, and CO2, respectively. The environmental implications of
EV could be illustrated clearly when a higher percentage of EVs is used, as shown in Figure 6.
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Table 4. The reduction in GHG emissions due to replacing 10% of ICVs by EVs, 2030.

Gas Emissions Case II Case I Difference

CH4 (ton) 1018.19 1125.16 106.97
N2O (ton) 466.55 513.17 46.62
CO2 (ton) 10,999,028.90 11,753,600.00 754,571.10
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Figure 6. Expected emissions at different percentage of EVs.

4.3. Energy Impacts of EVs

The amount of saving in energy cost in 2030 has been determined based on the estimated total
consumed amounts of diesel and gasoline fuels by ICVs in Case I in 2030 (1409 million liters of gasoline
and 2767 million liters of diesel), the estimated amount of consumed electricity by EVs in case II (10%
EVs and 90% ICVs) in 2030 (660,579 MWh), and the estimated gasoline and diesel fuel rates in 2030.

In order to estimate gasoline and diesel fuel rates in 2030, two prediction models have been
developed using historical gasoline and diesel fuel rates data between 1998 and 2020 [18]. The single
exponential smoothing method has been used to develop the two models. Fit and observed data for
gasoline rate and diesel rate prediction models are shown in Figure 7; Figure 8, respectively.

The results of fit statistics showed that the model has a good prediction fitness level (see Table 5;
Table 6), which has been the highest among other types of models (average moving, ARIMA, Holt’s
linear exponential smoothing, etc.).
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Figure 8. Predicted diesel fuel rates in 2030.

Table 5. Goodness-of-fit statistics (gasoline rate prediction model).

Fit Statistic Mean

R-squared 0.882
RMSE 0.113
MAPE 6.043
MAE 0.087

Table 6. Goodness-of-fit statistics (diesel rate prediction model).

Fit Statistic Mean

R-squared 0.933
RMSE 0.123
MAPE 10.679
MAE 0.104

Using the developed prediction models, the gasoline and diesel fuel rates in 2030 could be
estimated, and the results are USD1.5 and USD 1.3, respectively. Therefore, the total cost of consumed
gasoline and diesel fuels in 2030 can be determined using the estimated total amounts of gasoline and
diesel fuels in 2030, and the results are USD 2113.5 and USD 3597.1 million, respectively.

In order to estimate the electricity rates in 2030, a prediction model has been developed using
the historical data of electricity rates between 2004 and 2020, using the single exponential smoothing
method. Fit and observed data for electricity rate prediction models are shown in Figure 9.
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The results of fit statistics have shown that the model has a good prediction fitness level (see
Table 7), which has been the highest among other types of models (average moving, ARIMA, Holt’s
linear exponential smoothing, etc.).

Table 7. Goodness-of-fit statistics (electricity rate prediction model).

Fit Statistic Mean

R-squared 0.787
RMSE 0.008
MAPE 2.197
MAE 0.003

Similarly, using the developed prediction model, the average electricity rate in 2030 could be
estimated, and the result is 0.16 USD /kWh. Thus, the total cost of consumed electricity in 2030 could
be determined using the estimated total amounts of electricity in 2030 (660,579 MWh), which is USD
106.75 million.

The difference in estimated price of fuels (Case I) and estimated price of electricity (case II), is the
amount of saving in energy cost in 2030 by replacing a 10% of ICVs by EVs, as shown in Table 8.

Table 8. Saving in energy cost in 2030, in case 50% of ICVs are replaced by EVS during 2020–2030.

A
(100% ICVs)

B
(10% EVs) Saving in Energy Cost

Energy Cost ($ million) 5710.6 106.75 464.31 (A- (90%A + B))

The estimated saving in energy cost in 2030 is USD 464.31 million. According to the Palestinian
Central Bureau of Statistics [16], the gross domestic product (GDP) in 2018 was USD 14,616 million.
This means that the estimated saving in energy cost in 2030 would be around 3.18% of the GDP. The
energy cost benefits of using EVs could be illustrated clearly when a higher percentage of EVs is used,
as shown in Figure 10.
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Figure 10. Energy cost savings at different percentages of EVs.

5. Conclusions

Energy and environmental implications of EVs vary considerably among regions, mainly due
to the variation in electricity sources (oil, natural gas, coal, etc.), fuel rates, electricity rates, total
vehicle-kilometers of travel, and other indirect factors. In this study, the data related to these factors
have been analyzed. After that, three predictions models have been developed, in order to estimate
the energy and environmental implications of EVs in 2030, in case that 10% of the ICVs are replaced by
EVs during the next 10 years (2020–2030). The following findings are offered in this study:
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• There is a clear environmental benefit of using EVs in Palestine, since the coal-based electricity
(21%) is not the major source of electricity; the main sources are oil (42%) and natural gas (35%),
which produce less GHG emissions than coal. Therefore, the EVs in Palestine will produce less
GHG emissions than other countries that depend mainly on coal-based electricity, such as China,
where more than 70% is coal-based electricity.

• Both the rates of electricity and fuels in Palestine are much higher than the world’s average.
Nevertheless, the cost of electricity required to operate EVs is still significantly lower than the cost
of gasoline and diesel fuels required to operate the equivalent ICVs.

• Replacing 10% of ICVs with EVs during the next 10 years (2020–2030) could save USD 464.31
million of operating energy cost during 2030 (one year of saving). This is equivalent to 3.18% of
the Palestinian GDP in 2018.

• In 2030, significant amounts of GHG emissions could be reduced by replacing 10% of ICVs with
EVs (2020–2030). The reduction (during 2030) in NH4, N2O, CO2 would be 10.51%, 10%, and
6.86%, respectively.

• The analysis of this study has been conducted based on the current technology of electricity
generation and EVs. In case that new technologies are used in electricity production or EVs
manufacturing during the next 10 years, the study needs to be modified to include these
new technologies.

• For future work, it is highly recommended to study the indirect economic implications of using
EVs in Palestine such as taxes, maintenance, and registration fees, in order to show the complete
image of the benefits that could be obtained by replacing ICVs with EVs.
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