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Abstract: Recently, major problems related to fuel consumption and greenhouse gas (GHG) emissions
have arisen in the transportation sector. Therefore, developing transportation modes powered by
alternative fuels has become one of the main targets for car manufacturers and governments around
the world. This study aimed to investigate the economic prospects of using hydrogen fuel cell
technology in taxi fleets in Westbank. For this purpose, a model that could predict the number of
taxis was developed, and the expected economic implications of using hydrogen fuel cell technology
in taxi fleets were determined based on the expected future fuel consumption and future fuel cost.
After analysis of the results, it was concluded that a slight annual increase in the number of taxis in
Palestine is expected in the future, due to the government restrictions on issuing new taxi permits in
order to get this sector organized. Furthermore, using hydrogen fuel cells in taxi fleets is expected to
become more and more feasible over time due to the expected future increase in oil price and the
expected significant reduction in hydrogen cost as a result of the new technologies that are expected
to be used in the production and handling of hydrogen.

Keywords: penetration and fuel cost prediction; hydrogen fuel cell vehicles; sustainable transportation;
sustainable taxis; Palestine; hydrogen-powered vehicles; FCEVs

1. Introduction

The increasing global demand for energy is considered one of the most significant
challenges of the 21st century, due to the increase in population and industrialization
coupled with an increased dependence on transportation. During the period 2015–2030,
the amount of energy consumed by the road transportation sector is expected to increase
by as much as one third [1,2]. Currently, around 65% of the global energy demand is
produced by fluid forms of fossil fuels [3]. Moreover, this amount is expected to increase up
to 75% in 2050 [4,5], which could lead to significant environmental problems and natural
resources depletion.

The road transport sector is considered one of the main carbon dioxide (CO2) pollutant
sources. In this sector, fossil fuels are burned by internal combustion engines (ICEs), which
leads to a chemical reaction of hydrocarbons and oxygen and, as a result, greenhouse gas
(GHG) emissions are produced. More specifically, the road transport sector is responsible
for nearly a quarter of global CO2 emissions. For example, in 2017, the transport sector was
responsible for about 27% of the European Union’s (EU) total GHG emissions [6,7].

In order to mitigate these energy and environmental problems, improving the effi-
ciency of road transportation modes by using new eco-friendly technologies has become
a very urgent issue. Hybrid electric vehicles (HEVs), plug-in hybrid electric vehicles
(PHEVs), battery electric vehicles (BEVs), and hydrogen fuel cell vehicles (FCEVs) are
emerging technologies that could provide solutions to reduce the dependency on fossil
fuel-based energy [8,9].
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Despite the fact that BEVs emit zero emissions onboard and have no tailpipe, since
the electric energy (grid electricity) that is stored in the battery is converted into tractive
force, emissions are still produced at power plants [10,11] in order to produce the required
electricity for vehicle operation. Furthermore, fossil fuels are still the main source of
electricity in the majority of countries around the world. Moreover, BEVs have a limited
range due to the cost and size of batteries, in addition to their long refueling time that
can take several hours. Therefore, FCEVs have been developed in order to address the
drawbacks of BEVs.

Generally, FCEVs use a traction system that is operated by electrical energy engen-
dered by a fuel cell and a battery working together, instead of relying only on a battery
to provide the required energy. Therefore, the magnitude of the hydrogen fuel tank de-
termines the amount of energy that can be delivered. Thus, the size of the battery has no
bearing on the amount of energy that is available and as a result, the vehicle range can be
extended [12]. Furthermore, refueling FCEVs does not take more than few minutes. More-
over, using an advanced energy management strategy (EMS) for FCEVs could effectively
improve the fuel economy [13]. Furthermore, in recent years, the optimal control of FCEVs’
energy management strategy (EMS) has been extensively researched because of the huge
application prospect of hydrogen fuel cell vehicles in the field of new energy vehicles [14].

Despite the recent focus on fuel cell technology, it cannot be considered a new topic.
The fuel cell was invented in 1839 by William Grove, and the first time fuel cell vehicles
were under the spotlight was in 1970, due to the oil crisis at that time. Later on, in 2014, the
first commercialized fuel cell vehicle was introduced by Toyota [15]. Recently, the hydrogen
fuel cell has been developed to be used on EVs in order to recharge the battery with the
electricity that is produced by a fuel cell using the hydrogen which is stored in a tank [16].
This process could extend the vehicles’ range and reduce their refueling time, among other
expected environmental and economic implications that are still under study, since these
implications vary from region to region based on fuel prices, the availability of hydrogen
fuel, sources of electricity and hydrogen fuel, and other factors.

Usually, the fuel cell device uses a proton membrane in order to convert the chemical
energy that is stored in fuel molecular bonds into electricity. In this process, positive (anode)
and negative (cathode) electrodes are separated by an electrolytic medium. In hydrogen
fuel cells, this process produces water, heat, and electricity [17].

Currently, hydrogen is classified into three types based on the production method:
Gray hydrogen, which refers to hydrogen that is produced from fossil fuels, such as coal
and natural gas; blue hydrogen, which is produced from fossil fuels, but with an additional
process called carbon capture and storage (CCS) in order to reduce the associated CO2
emissions; and green hydrogen, which is produced through a process called electrolysis by
using different renewable energy sources, such as wind and solar energy [18].

Due to the long working period and the high number of daily driven kilometers, the
public transportation sector, especially the taxis sector, is considered one of the leading
contributors to the energy and environmental problems related to transportation sector.
Therefore, there is an urgent need to investigate the expected implications and feasibility of
using hydrogen fuel cell technology as a new alternative in taxi fleets. In this study, the
expected future energy and the economic implications of using this technology in taxi fleets
in Westbank, Palestine, have been determined.

2. Literature Review

Since 2014, when the first commercialized hydrogen fuel cell vehicle was introduced,
numerous studies have been conducted in order to investigate the applicability and the
impacts of using FCEVs as a road transportation mode. The majority of these studies have
been conducted in the United States, Europe, Japan, China, and Korea.

Focusing on the environmental impacts, a study by Dulau [19] was conducted in
order to determine the expected CO2 emissions of BEVs and FCEVs. The study considered
different values for the mix of power generation and hydrogen production methods. The
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results of the study showed that the CO2 emissions of FCEVs are lower than those of BEVs
in cases in which the hydrogen is obtained from renewable energy sources or nuclear
power. Similarly, another study was conducted by Usai et al. [20] in order to assess the
life cycle of fuel cell systems for FCEVs based on different impact categories such as tank,
catalyst, and fuel cell auxiliaries. Moreover, an assessment was performed for prospective
technological development in order to determine the future impacts of these systems. The
study concluded that there could be a potential reduction in the environmental footprint
ranging from 25% to 70%. Likewise, a study by Lubecki et al. [21] was conducted in order
to assess the environmental life cycle of diesel, electric, and hydrogen fuel buses. In this
study, an environmental model was developed based on the life cycle assessment method,
in order to test the impact of energy consumption during bus driving. Moreover, energy
sources such as solar, wind, and grid electricity were investigated. The study showed that
replacing conventional bus fleets with electrical and hydrogen-powered ones could provide
significant environmental benefits, especially in terms of mitigating global warming. In the
Maghreb countries, a study was conducted by Hafdaoui et al. [22] in order to evaluate the
energy and environmental impacts of alternative fuel vehicles in Morocco, Algeria, and
Tunisia. The study used the international standard in order to assess hybrid, electric, diesel,
and FCEVs and to determine the expected benefits of transitioning to electric and FCEVs.
The study concluded that the FCEVs are the best alternative for Morocco and Algeria,
whereas electric vehicles are preferable in Tunisia. In the United States, a study was
conducted by Iyer et al. [23] in order to analyze the life cycle of heavy-duty and medium-
duty trucks. The study compared the impacts of class 6 and class 8 trucks’ manufacturing
cycles, which are powered by electric, diesel, hybrid, and fuel cell. The study concluded
that the transition from diesel powertrain to fuel cell and electric powertrains caused an
increase in vehicle-cycle GHG emissions.

In China, a study by Lan et al. [24] was conducted in order to determine the hydrogen
consumption of FCEVs. The study evaluated actual hydrogen consumption based on the
flowmeter and short-cut method, and by using the China light-duty vehicle test cycle and
the new European driving cycle. The study concluded that compared with the run-out
method, the short-cut method could save at least 50 percent of the test time. Moreover,
the error of the short-cut method was less than 0.1% under new European driving cycle
conditions, whereas the error in the China light-duty vehicle test cycle was 8.12%. Another
study by Ferrara et al. [25] investigated the energy management and cost-optimal design of
fuel cell electric trucks. Factors such as driving cycle, vehicle weight, powertrain, market
prices, and component degradation have been considered. The study indicated that the
total ownership cost is significantly influenced by market prices, component sizing, vehicle
weight, and driving cycle. Moreover, predictive energy management is highly beneficial
for challenging road topographies.

A study was conducted by Bethoux [26] in order to understand the FCEVs’ assets,
challenges, and current situation. The results of this study have concluded that FCEVs
can contribute to the zero-emission vehicle trend. The main opportunity of FCEVs is the
design versatility and the efficiency of fuel cell modules and the required hydrogen tanks.
Moreover, delivery vehicles, long-distance heavy-duty vehicles, and fleets of taxis could
be developed over the next few decades due to FCEVs’ extended range and other factors.
Focusing on consumers’ preferences for FCEVs in Shanghai, China, a study was conducted
by Yanan et al. [27]. Likewise, by using a choice experiment, the study investigated the
factors that could affect consumers’ preference for choosing FCEVs. Moreover, a conditional
logit model was developed to estimate the attribute parameters. The study indicated that
with an appropriate borrowing system or instalment payment plans over a period of 5 years,
consumers could afford to purchase an FCEV. Therefore, the study recommended that the
Chinese government promote a green loan program for purchasing FCEVs. In order to
investigate the roadmap of the FCEVs industry in various countries, such as Japan, the
United States, and Europe, a study by Yunzhe et al. [28] was conducted. In this study,
the development of FCEVs and the hydrogen energy industry in the subject countries
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were quantified and compared to the development plans in China. The study concluded
that China should increase its investment in research related to advanced technology in
hydrogen energy production, transportation, storage, and refueling infrastructures.

The majority of the previous studies about FCEVs have addressed this topic based
on the environmental and GHG emissions prospects only. Moreover, numerous studies
have focused their analysis on heavy vehicles such as buses and trucks without consid-
ering public transportations modes such as taxis. Therefore, it is necessary to conduct a
comprehensive study in order to investigate the applicability and implications of using
hydrogen fuel cell technology in taxi fleets. In this study, the expected energy and the
economic implications of using hydrogen fuel cell-powered taxi fleets in Palestine have
been determined, during the future and up to 2050. This study could be helpful for decision
makers and transportation planners setting future transportation policies and programs in
the absence of such studies that address this emerging topic in Palestine.

3. Data and Methodology

In order to conduct this study, a large amount of data were acquired from several
sources. These data included the annual number of registered taxis in Westbank, Palestine,
for a 20 year-period (2002–2021), the average distance (in kilometers) traveled by taxis
annually, the average fuel consumption rate of taxis, the average diesel and hydrogen fuel
prices in 2021, and the predicted prices of diesel and hydrogen fuels in 2030 and 2050.

3.1. Prediction Model

A prediction model was developed using the annual number of registered taxis for
20-year period of 2002–2021. In countries with unsteady socioeconomic development or
ineffective transportation polices over the past few decades, as is the case in Palestine, a
sample size of 15 years or more can be used, and the developed prediction model will yield
reasonably accurate results [29,30]. The Exponential Smoothing Method was used in order
to develop the prediction model, which was used to determine the expected number of
taxis in 2030 and 2050.

Exponential Smoothing is a statistical method used in time series in order to exponen-
tially smooth the data over a period of time by assigning either exponentially decreasing
or increasing weight to the values in the series. In this method, the predicted values
are affected greatly by the recent time series data. Exponential Smoothing methods are
mainly divided into three categories: Winters’ Exponential Smoothing, Holt’s Exponential
Smoothing, and Simple Exponential smoothing. If the data have no trend or seasonal
patterns, Simple Exponential Smoothing Method is appropriate; if the data exhibit a linear
trend, Holt’s Exponential Smoothing is appropriate; and if the data are seasonal, Winters’
Exponential Smoothing is appropriate. Therefore, Holt’s method was used in this study, as
illustrated in Equation (1) [31,32].

Ft+m = st + mbt
st = αxt + (1 − α)(s t−1 + bt−1

)
bt = β(s t − st−1) + (1 − β)bt−1

(1)

where st is the smoothed value for year t, F is an estimate of the x value at time t + m; m is
a value greater than 0; bt is the best estimated trend at specific time t; α is the smoothing
factor, where α is between 0 and 1; β is the trend factor, where β is between 0 and 1; and xt
is the data sequence.

3.2. Energy and Economic Implications

Based on the average annual traveled kilometers for taxis in Palestine and the average
diesel fuel consumption rate (Km/L) for taxis, the total annual diesel fuel consumption per
taxi was determined. Next, using the average diesel fuel price in 2021 and the expected
price for 2030 and 2050, the average annual diesel fuel cost per taxi was determined for
2021, 2030, and 2050.
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Likewise, based on the average annual traveled kilometers for taxis in Palestine and
the average hydrogen fuel consumption rate (Km/Kg) for hydrogen fuel cell taxis, the
total annual hydrogen fuel consumption per taxi was determined. Next, using the average
hydrogen fuel price in 2021 and the expected price for 2030 and 2050, the average annual
hydrogen fuel cost per taxi was determined for 2021, 2030, and 2050, as illustrated in
Figure 1.
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Figure 1. Applied methodology for determining the annual expected implications per taxi.

Using the annual number of registered taxis in 2021, the total annual diesel fuel
consumption per taxi, and the average annual diesel fuel cost per taxi in 2021, the total
annual diesel consumption for all taxis was determined.

Similarly, using the predicted number of taxis in 2030 and 2050 (using the developed
prediction model), the predicted total diesel and hydrogen fuel consumption and the
predicted total fuel cost for all taxis were determined for 2030 and 2050. As illustrated
in Figure 2, in order to determine these values, different scenarios for 2030 and 2050
were envisioned by considering 10%, 30%, 50%, 70%, and 100% hydrogen fuel cell taxis
penetration. These different percentages have been assumed to give an indication about
the minimum percentage that could lead to a significant implication.

It is worth noting that the future number of taxis was predicted based on the historical
data for the period 2002–2021, which were affected by governmental polices during that
period of time, and therefore this prediction could require an adjustment in case of applying
any new governmental polices. Additionally, the future diesel and hydrogen prices used
are based on the global prediction reports, and these prices could be changed in the event of
any future economic crisis or development of new fuel and hydrogen production methods,
such as extracting white hydrogen from natural deposits, which is still under study and
could significantly affect the future price of hydrogen.
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4. Data Analysis and Discussion

In this study, the historical annual number of registered taxis in Westbank, Palestine,
for the period 2002–2021 was analyzed and used to develop a prediction model in order to
predict the expected number of taxis in 2030 and 2050. Next, the expected average annual
fuel consumption and the fuel cost per taxi for diesel and hydrogen fuel cell taxis were
determined. After that, the expected total fuel consumption and fuel costs for all taxis in
2030 and 2050 were determined by using different assumptions (10%, 30%, 50%, 70%, and
100% hydrogen fuel cell taxis penetration). Finally, based on each of these assumptions, the
expected energy and cost implications were determined.

4.1. Prediction Model Development

In order to determine the expected number of taxis in 2030 and 2050, a prediction
model was developed based on the annual registered taxis record for the period 2002–2021,
which was acquired from the Palestinian Central Bureau of Statistics [33]. By using Sta-
tistical Package for the Social Sciences (SPSS) the best-fit Holt’s Exponential Smoothing
prediction model was developed, as illustrated in Figure 3.

Based on the model fit statistics of the developed model, which are illustrated in
Table 1, the values of R-Squared, which is a measure of how a model fits a dataset, and the
Mean Absolute Percentage Error (MAPE), which measures the average magnitude of error
produced by the model, are 0.969 and 2.337, respectively. More specifically, these values
indicate that the forecast is acceptably accurate (R-Squared greater than 90% indicates a
good-fit model and an MAPE value less than 5% is considered an indication that the forecast
is acceptably accurate). Therefore, the developed model can be used without reservation.

In order to predict the number of taxis in 2030 and 2050, the developed model
was applied and the expected number of taxis for the subject years have been deter-
mined. More specifically, the expected numbers of taxis in 2030 and 2050 are 11,070 and
13,504, respectively.
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Table 1. Taxis prediction model parameters and statistics.

Model
Model Fit Statistics

R-Squared MAE MAPE

Holt’s Model 0.969 194.352 2.337

Prediction Model Parameters

Parameters Estimate SE t
Alpha (Level) 1.0 0.217 4.612
Beta (Trend) 0.4 0.232 1.728

4.2. Energy and Economic Implications

Based on the average annual traveled kilometers of taxis in Palestine (73,300 km per
taxi) [34] and the average diesel consumption rate of 9.9 (L\100 Km) (8], the annual diesel
consumption of a diesel taxi in 2021 was determined (7256.7 L). Next, by using the average
diesel price in 2021 (1.55 USD\L) [35], the annual total diesel cost per taxi was determined,
as shown in Table 2.

Table 2. Annual fuel consumption and fuel cost per taxi.

Type of Fuel
Annual Traveled
Kilometers per

Taxi (Km)

Average
Consumption

Rate (L or Kg/100
Km)

Annual Fuel
Consumption (L

or Kg)

Fuel Price
(USD\Kg or L)

Annual Fuel
Cost per Taxi

(USD)

Diesel 73,300 9.900 7256.7 1.55 11,247.89
Hydrogen Fuel Cell 73,300 0.876 642.1 7.78 4995.54

Likewise, based on the average annual traveled kilometers by taxis in Palestine
(73,300 km per taxi) [34] and the average hydrogen consumption rate of 0.876 (Kg\100 Km),
the annual hydrogen consumption of a hydrogen fuel cell taxi in 2021 was determined
(642.1 Kg). Next, using the average hydrogen price in 2021 (7.78 USD\Kg) [36], the annual
total hydrogen cost per taxi was determined, as shown in Table 2. It is worth mentioning
that the hydrogen consumption rate that was used in this study is the average of three
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values: the actual average consumption rate of hydrogen fuel passenger cars tested in
China [37], a comprehensive study conducted by Zemo [38], and the consumption rate of
the Hyundai Nexo passenger car [39], which is very popular in this category.

In order to determine the expected total fuel cost in 2030, different scenarios have
been proposed using 10%, 30%, 50%, 70%, and 100% hydrogen fuel cell taxi penetration.
Moreover, the expected fuel consumption rate and fuel price were determined. First, by
assuming that the fuel efficiency rate increases by 15% every 10 years, based on a study
conducted in Palestine by [8], the hydrogen and diesel consumption rates were determined.
Next, the diesel price was determined based on a study by [40], which indicated that will
be 3% decrease in the global fuel price compared to that in 2021. On the other hand, the
expected hydrogen price for 2030 is USD 5.25 [36], as shown in Table 3.

Table 3. Expected total fuel price in 2030.

Type of
Fuel

Total
Number
of Taxis

Fuel Price
(USD\Kg

or L)

Fuel Consumption
Rate (L or

Kg\100 Km)

Total Fuel Cost (Million USD)

0%
FCEVs

10%
FCEVs

30%
FCEVs

50%
FCEVs

70%
FCEVs

100%
FCEVs

Diesel
11,070

1.504 8.415 102.696 92.426 71.887 51.348 30.809 0
Hydrogen
Fuel Cell 5.250 0.745 0 3.174 9.521 15.869 22.216 31.737

Total 102.696 95.6 81.408 67.217 53.025 31.025

Similarly, in order to determine the expected total fuel cost in 2050, different scenarios
have been proposed using 10%, 30%, 50%, 70%, and 100% hydrogen fuel cell taxi penetra-
tion. Moreover, the expected fuel consumption rate and fuel price have been determined.
First, by assuming that the fuel efficiency rate increases by 15% every 10 years, based on
a study conducted in Palestine by [8], the hydrogen and the diesel consumption rates
were determined. Next, the diesel price was determined based on a study by [41], which
indicated that there will be an 13.9% increase in the global fuel price compared to that in
2030. On the other hand, the expected hydrogen price for 2050 is USD 1.93 [42], as shown
in Table 4.

Table 4. Expected total fuel price in 2050.

Type of
Fuel

Total
Number
of Taxis

Fuel Price
(USD\Kg

or L)

Annual Fuel
Consumption (L

or Kg)

Total Fuel Cost (Million USD)

0%
FCEVs

10%
FCEVs

30%
FCEVs

50%
FCEVs

70%
FCEVs

100%
FCEVs

Diesel
13,504

1.713 6.135 104.025 93.623 72.818 52.013 31.208 0
Hydrogen
Fuel Cell 1.930 0.538 0 1.028 3.083 5.139 7.195 10.278

Total 104.025 94.651 75.901 57.152 38.403 10.278

As a result, the study showed that the total annual fuel cost of a taxi in Palestine
can be reduced by up to 55.59% by using hydrogen fuel cell technology instead of the
conventional diesel internal combustion engine vehicles, which form a significant part of
taxi fleets. Moreover, in 2030, based on the expected number of vehicles, fuel consumption,
and fuel price, the penetration of hydrogen fuel cell taxis by 10%, 30%, 50%, 70%, and
100% could lead to reductions in the total fuel cost by 6.91%, 20.73%, 34.55%, 48.37%, and
69.79%, respectively, whereas, in 2050, based on the expected number of vehicles, fuel
consumption, and fuel price, the penetration of hydrogen fuel cell taxis by 10%, 30%, 50%,
70%, and 100% could lead to reductions in the total fuel cost of 9.01%, 27.04%, 45.06, 63.08,
and 90.12% respectively.

Comparing the predicted total annual fuel cost of 2030 and 2050 revealed a significant
fuel cost reduction in 2050 compared to 2030 as a result of using hydrogen fuel cell taxis.
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For example, in case of 100% penetration of hydrogen fuel cell taxis, the expected reduction
in 2030 is 69.79%, while the expected reduction in 2050 is 90.12%. This significant difference
is attributed to the expected increase in oil prices due to the increasing demand and
to the expected decrease in hydrogen production and handling cost resulting from the
implementation of new technologies.

It is worth noting that the results of this study could be helpful for creating a roadmap
for future policies and long-term strategies in order to create a more sustainable transporta-
tion system in Palestine, since the technology of FCEVs has not been used yet in Palestine
due to the absence of clear and relevant governmental policies, the restrictions on imported
vehicles in light of the Israeli occupation, and other socio-economic factors, while other
countries and continents, such as the United States, Korea, Japan, and Europe, have come a
long way in the past few years.

5. Conclusions

Using hydrogen fuel cell technology in transportations modes is considered an emerg-
ing issue, and the feasibility of using this technology in transportation systems varies
among regions around the world based on different economic and environmental factors
such as hydrogen sources, hydrogen production, and fuel costs in these regions. In this
study, a prediction model for number of taxis in Westbank, Palestine, was developed, and
the expected future economic implications of using hydrogen fuel cell technology in taxi
fleets have been determined based on the future fuel consumption and fuel cost. After
analyzing the results, the following findings can be offered:

− It is expected that there will be a slight annual future increase in the number of
registered taxis in Palestine (from 9974 in 2021 to 11,070 in 2030 in Westbank), and this
is attributed to the government restrictions on issuing new taxi permits in order to get
this sector organized.

− In 2030, the penetration of hydrogen fuel cell taxis by 10%, 30%, 50%, 70%, and 100%
could lead to reductions in the annual total fuel cost by 6.91%, 20.73%, 34.55%, 48.37%,
and 69.79%, respectively, whereas in 2050, the penetration of hydrogen fuel cell taxis
by 10%, 30%, 50%, 70%, and 100% could lead to reductions in the total fuel cost by
9.01%, 27.04%, 45.06, 63.08, and 90.12% respectively.

− Over time, using hydrogen fuel cell in taxi fleets becomes more and more feasible due
to the expected future increase in oil prices (from 1.550 USD/L in 2021 to 1.713 USD/L
in 2050) and the expected significant reduction in hydrogen cost (from 7.78 USD\Kg
in 2021 to 1.93 in 2050) due to the new technologies that are expected to be used in the
production and handling of hydrogen.

− In 2030, hydrogen fuel cell taxis penetration of 30% or more could lead to a significant
economic benefit. More specifically, the expected reduction in total fuel cost by
taxis in case of 30% penetration is 20.73%, whereas, in 2050, hydrogen fuel cell taxis
penetration by 10% or more could lead to a significant economic benefit.

− It is recommended to consider the ownership cost of the taxis in any future com-
prehensive study, since this issue has not been addressed in this study due to the
absence of data related to the expected hydrogen fuel vehicle price in Palestine, which
depends mainly on future tax policies. Moreover, it is essential to assess the future
environmental impacts of using hydrogen fuel cell technology in future works.
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