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This study addressed the urgent need for biofuels even in countries such
as Iran, which has fairly good fossil fuel resources. The problems,
necessities of the present, and future demand for biofuels are discussed.
As the transportation sector is one of the largest sources of air pollution,
this study has focused on this sector. This issue was examined from a
global perspective, and then within the context of domestic bioethanol
production using agricultural residues and proposing different scenarios.
The first step in implementing this policy is the accurate forecast of the
demand for second-generation bioethanol in the coming years. A nonlinear
auto regressive neural network was applied to predict gasoline demand
based on Mackey-Glass chaotic time series. Gasoline demand is
forecasted by 2030, based on projected volumes of gasoline in different
bioethanol mixture scenarios. Results revealed that using scenarios E10,
E15, E25, the volume of bioethanol needed by 2030 will amount to 10.12,
15.16 and 25.31 million L per day which can be produced using agricultural
products wastes.
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INTRODUCTION
Current air pollution has reached a new record in terms of the number of unhealthy
days (Air Quality Control Company 2021). The simultaneous increase in pollution with
the reduction in traffic due to the COVID-19 pandemic shows that the problem of
metropolises has not been solved by reducing traffic based on previous government
policies. Therefore, it is necessary to quickly reconsider the consumption of fossil fuel
resources. The solution proposed by environmentalists is to replace some fossil fuels with
biofuels (Nikkhah et al. 2020). However, due to the abundance of fossil resources in Iran,
this policy has not been implemented. Although Iran is ranked first and fourth in terms of
gas and oil resources in the world, respectively (World Energy Council 2016), it still needs
to think of biofuels.
These problems are not specific to Iran but are important in other countries in the
world as well. According to current statistics, in the first quarter of 2021, approximately 7
billion tons of carbon dioxide were emitted, and 990000 hectares of forests were lost
(Worldometers 2021). The same source shows that the world will only have oil for about
42 years.
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Environmental problems including global warming (due to the accumulation of
greenhouse gases), global climate change, pollution in metropolitan areas, and the
consequent increase in mortality and health problems have become a major problem for
human survival (Cohen et al. 2017). The most dangerous consequences of air pollution are
increased premature deaths. Air pollution is also closely related to many diseases including
heart disease, stroke, chronic obstructive pulmonary disease, acute respiratory infection,
lung cancer, neuropsychiatric disorders, etc. (Cohen et al. 2017; Hahad et al. 2020).
Air pollution is not only a threat to human health, but it also reduces life expectancy,
and the quality, income, and economic growth of countries by causing disease and
premature death (World Bank Group and IHME 2016; Ho et al. 2020; The World Bank
2020). Air pollution imposes long-term and lasting effects in other ways. For example, it
hinders the growth of plants, reduces agricultural productivity, and causes financial losses
(Gheorghe and Ion 2012).
The benefits of using biofuels include reducing greenhouse gas (GHG) emissions
and other socio-economic and political advantages. Biofuels significantly reduce
greenhouse gas emissions and the dependence on crude oil, diversify energy, and create a
large number of rural jobs (Ahorsu et al. 2018; Alalwan et al. 2019). Furthermore,
considerable research is underway to provide biofuels on a larger scale, which are more
cost-effective and fully economical for the final consumers (Bonenkamp et al. 2020). This
research is directed on effective factors in the cultivation of biological products through
soil optimization, fertilizer application (Field et al. 2018), location planning for production
at the lowest cost (Mostafaeipour et al. 2020), more efficient supply chain (Rabbani et al.
2020), development and upgrading of biomass pretreatment to reduce production costs on
an industrial scale (Hassan et al. 2018; Cheah et al. 2020), and upgrading production
technology to produce more and cheaper products (Sarkar et al. 2012; Tursi 2019; Gilani
and Sahebi 2020). Of course, the use of other methods such as carbon capture and storage
technology also play an important role in helping biofuels to solve these problems
(Mikhelkis and Govindarajan 2020; Yanagi and Nakamura 2020). Therefore, if societies
desire to solve the problem of climate change while maintaining energy security, they must
use renewable energy technology (Department of Energy & Climate Change 2012). The
main role of plants on this planet is photosynthesis and conversion of carbon dioxide to
oxygen (Szulecka 2019).
Global Need for Replacement of Fossil Fuels with Biofuels in the Transport
Sector
Based on the latest official statistics published by 2020, the transportation sector,
the second-largest energy consumer, consumed 32% of the total final energy consumption
by 2017 (REN21 2020). But this sector has the lowest share of renewable energy
consumption (i.e. 3.3%, of the total final energy consumption, 3% is from biofuels, and
0.3% is from renewable electricity). This data shows that the transportation sector
continues to depend on fossil fuels (REN21 2020).
The arguments presented above lead us to conclude that environmental issues,
diseases, and deaths due to air pollution are mostly attributed to the consumption of fossil
fuels in the transportation sector, and policies to reduce fossil fuel consumption should
target the transportation sector, especially passenger vehicles. Based on the latest official
statistics at the end of 2020, the United States, Brazil, the European Union, ASEAN, China,
and India were the world's largest producers of biofuels, respectively, However, the
consumption growth is expected to be higher in these regions in 2030 (Fig. 1A). The
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remarkable point is that biofuel consumption in passenger vehicles is expected to be higher
than any other transportation sector, by 2030 (Fig. 1B). Meanwhile, some countries such
as members of the European Union, intend to reduce fossil fuel consumption in the
transport sector (Hamje et al. 2014).

200
2030 Consumption (SDS)

MOE

150

2019 Production

100
50
0

0
20
Aviation and marine
India
China
ASEAN

(a)

40

60

80

2015

100

Mtoe

2025

2030

Passenger vehicles

Road freight

Shipping

Aviation

(b)

Fig. 1. Biofuel production in 2019 compared to consumption in 2030 based on the sustainable
development scenario of IEA (a), Biofuel consumption breakdown in the sustainable development
scenario of IEA 2015-2030 (b) (IEA 2020)

Gasoline is the main fuel for light and passenger vehicles in metropolitan areas, and
energy security and environmental issues necessitate that a clean and sustainable
alternative to gasoline needs to be introduced. Bioethanol can be used in gasoline vehicles
when mixed with fossil fuels up to 30% without the need for any major changes in vehicle
power generation structure (Safarian and Unnthorsson 2018). The combination of these
two fuels imparts a significant effect on reducing the generation of pollutant gases by
gasoline-burning vehicles (Kazemi Shariat Panahi et al. 2019). Since bioethanol contains
higher oxygen atoms in its structure, it increases the efficiency of the engine, even
compared with higher octane, and it improves the performance of the engine (Safarian and
Unnthorsson 2018). Overcoming environmental problems requires extensive global
cooperation. Despite a global consensus to limit greenhouse gas emissions in some
countries, the governments have not yet taken the issue seriously. Therefore, the legislation
and implementation of emissions regulation and government protection laws for the green
fuel sector and its economic incentives are still pending (Farine et al. 2012; Neves et al.
2020). Although the value of biofuels goes beyond their use as transportation fuels, the
economic and environmental benefits of biofuels must be considered.
The Necessity to Substitute Gasoline with Bioethanol in Transport Sector in
Iran
Iran and especially its capital are among the worst affected by air pollution in terms
of both the estimated number of deaths and financial losses (Heger and Sarraf 2018). Iran
is among the top 10 greenhouse gas producing countries in the world and ranks 9th
(Environment and Climate Change Canada 2020), and it is the 27th country in the ranking
of the most polluted countries in the world (IQAir 2019). Consumption of petroleum
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products, especially gasoline, in Iran has increased sharply due to the increasing population
and consequently an increase in the number of gasoline vehicles. An official report issued
by the Iran Petroleum Products Refining and Distribution Company shows that in 2017,
almost a quarter of all Iranian petroleum products have been consumed in the transportation
sector (N.I.O.R.D.C 2020). This higher consumption of petroleum products generated
higher air pollution in recent years, which has become a major environmental and
economic obstacle (Taghvaee and Hajiani 2014). Gasoline consumption in Iran in 2013
was about 68.4 million L per day, while according to unofficial sources, the volume has
reached 91.4 million L per day in 2020, and based on the model presented in this article in
2030 it will reach 101.22 million L per day. Therefore, the necessity to substitute gasoline
with bioethanol in the transport sector in Iran is quite obvious (Mollahosseini et al. 2017;
Kazemi Shariat Panahi et al. 2020).

EXPERIMENTAL
Methods
Because bioethanol has not been used as a car fuel in combination with gasoline in
Iran, forecasting bioethanol demand is only possible based on estimated values of gasoline
demand (Melikoglu 2014). Modeling to predict energy demand in the transport sector is
very important and difficult. The difficulty of forecasting is due to the fact that energy
demand in this sector is influenced by various and chaotic factors (Geem and Roper 2009;
Pao 2009). In addition, unexpected and external events in the economic, social, industrial,
political, and environmental sectors cause a change in the predicted trends in the fuel
demand model. The use of complex nonlinear modeling systems such as artificial neural
networks to predict chaotic time series models such as meteorology (Altan et al. 2021),
medical sciences (Ramirez-Carrasco and Molina-Garay 2021), and stock markets
(Althelaya et al. 2021) have a long history. The main purpose of employing such models
is to minimize the amount of prediction error, one step or several steps ahead. For this
purpose, these systems are usually modeled based on differential delay equations, a popular
example of which is the widely used Mackey-Glass equation (Li et al. 2012; Han and Wang
2013; da Costa et al. 2021). Therefore, a nonlinear autoregressive neural network was
employed to predict gasoline demand based on the Mackey-Glass chaotic time series
(Mackey and Glass 1977). The network structure (number of neurons) and other parameters
are shown in Table 1. The Mackey-Glass equation used in the neural network is shown in
Eq. 1,
dy(t)/dt=((αy(t-τ)/(1+y10(t-τ)))-β y(t)

(1)

where α, τ, and β are real numbers, and y(t-τ) represents the value of the variable y at time
(t−τ). Depending on the values of the parameters, this equation displays a range of periodic
and chaotic dynamics.
The discretization model of this equation is obtained in Eq. 2,
y(n + 1) = y(n) – βy(n) + (αy(n – τ) / (1 + y(n – τ)10))

(2)

where it is assumed that α = 0.2, β = 0.1, and τ = 17 (Althelaya et al. 2021). Note that if τ
≥ 17, then there is a chaotic time series (the values of α and β are based on Mackey-Glass
equation).
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In the Mackey-Glass chaotic time series using artificial neural network, 80% of the
data were randomly selected as training data, 10% as test data, and 10% as data for
validation. The Levenberg Marquardt method was used for training algorithm, and the
MSE (Mean Squared Error) method was used to select the best validation performance of
the training algorithm
Table 1. Specifications of Artificial Neural Network
Kind of Neural
Network Time Series

Network
Structure (hidden
layer size)

Network
Structure
(number of
neurons)*

Input Delay
Vector

Number
of Steps
Ahead

Nonlinear
2
6 and 3
1:6:19
18
Autoregressive (NAR)
* Numbers are selected by trial and error with neural network, and best validation performance of
the model is evaluated based on MSE (Mean Squared Error).

RESULTS AND DISCUSSION
Gasoline Demand Forecast by Mackey-Glass Chaotic Time Series using
Artificial Neural Network
Gasoline demand was forecasted by 2030 using MATLAB version 2020b and
neural network, based on projected amounts of gasoline, and the required bioethanol
amounts were estimated according to different scenarios in Table 2. The outputs of the
model show the model was almost appropriate and accurate compared to other models (Fig.
2).
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(e)
Fig. 2. (a): In the specified section, the three lines of training, validation, and testing have
reached the closest distance to the line of the best (dotted line). Since the repetitions from this
stage onwards are without performance improvement, we see the training process stop. The
lowest error rate (2.39080e-06) occurred in epoch 99, (b): The amount of errors in each category
of data is examined, (c): This figure shows the proximity of neural network output data to target
data, in 4 separate regression graphs, for training data, test data, validation data, and total data.
As shown for all data, the network output data with the target data are on the regression line with
very little difference and 99% correlation coefficient, (d): This diagram shows the similarity of this
data with its reverse version, (e): This fitting plot shows the fit of training targets, training outputs,
validation targets, validation outputs, test targets, test outputs, errors, and response in the
Levenberg-Marquardt method. In the sections where the data fit rate is lower, the error rate in the
section below the chart has increased.
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Table 2. Predicted Output Values from the Artificial Neural Network Model Along
with the Required Bioethanol Values in Different Scenarios
Year

Gasoline
(M. L per day)

Scenario 1
Bioethanol (E10) (M.
L per day)

Scenario 2
Bioethanol (E15)
(M. L per day)

Scenario 3
Bioethanol (E25)
(M. L per day)

2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030

91.4
91.93
92.43
93.05
93.84
94.84
96.03
97.41
98.95
100.33
101.22

9.14
9.19
9.24
9.3
9.38
9.48
9.6
9.74
9.9
10.03
10.12

13.71
13.79
13.87
13.96
14.08
14.23
14.4
14.61
14.84
15.05
15.18

22.85
22.98
23.11
23.26
23.46
23.71
24.01
24.35
24.74
25.08
25.31

Based on the data predicted by the model, with the continuation of the trend of
increasing gasoline consumption, it is estimated that the problems of air pollution will
intensify in the coming years. In addition, if US sanctions against Iran are lifted, and if the
GDP returns to the trend which was before 2018, the consumption of gasoline and other
petroleum products will increase and this problem will intensify. One of the other reasons
for this increase is that the price of gasoline is low due to the payment of large government
subsidies to this sector. There is no policy or strategy to set goals in fuel pricing because
Iran's economy is highly dependent on fuel prices, which leads to doubts about the correct
pricing. In addition, the number of cars has increased significantly, and the technologies of
the vehicles produced are too old, making the average fuel consumption of most newly
produced vehicles higher than what is normal in other parts of the world.
Agricultural residues, especially lignocellulosic products, due to their suitable
cellulose and hemicellulose content as the main substance of sugar production in the
ethanol conversion chain, are considered as a suitable source for biofuel production (Eckert
et al. 2018). Various studies have examined the possibility of using municipal waste,
agricultural residues, especially lignocellulosic sources such as bagasse, industrial waste
(such as pulp and paper and food industries wastes) in Iran, and the results show that the
use of second-generation bioethanol production in Iran is economically and technically
feasible due to its abundance and low cost of feedstock ( Ghobadian 2012; Madadi et al.
2017; Kazemi Shariat Panahi et al. 2019; Kazemi Shariat Panahi et al. 2020; Ahmadi et al.
2020; Ahranjani et al. 2020).
It is estimated that 17 to 30% (in some cases up to 50%) of Iran's total crop
production will be converted into agricultural waste. This percentage is not the same for
all crops, for example in the case of products such as wheat, approximately 50% and
according to the FAO, approximately 30% of total rice production is also lost as waste. If
one considers the annual production of wheat in Iran to be about 15 million tons, wheat
waste can be used to produce 3 billion L of bioethanol per year. Also, it is estimated that
about 1.05 million tons of rice waste is produced annually, of which about 400 million L
of bioethanol can be produced (Mollahosseini et al. 2017). Bagasse is also one of the most
abundant agricultural residues in the world, which has recently been considered as a source
of second-generation bioethanol. The production potential of bioethanol from sugarcane
and sugar beet has been reported to be 70 and 110 (L per hectare) per year, respectively
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(Kumar NV et al. 2006), and the approximate production volume of sugar beet and
sugarcane molasses in Iran is about 500 million L, which can be given special attention in
future planning and policies (Saadati and Hosseininezhad 2019; Adewuyi 2020). The total
amount of agricultural waste in Iran in 2012 was estimated at 17.86 million tons, which be
used to generate 5 billion L of bioethanol for the hypothetical scenario E10 by 2026
(Ghobadian 2012). Evaluations in recent articles show that the total amount of agricultural
waste is estimated at 24.3 million tons, of which 6,542 million m3 of biogas, 2,443 million
L of bioethanol, and 2,082 million m3 of biohydrogen can be produced (Safieddin Ardebili
2020). Results in other research have shown that Iran can produce more than 4.91 billion
L of bioethanol per year employing agricultural waste (Ahmadi et al. 2020).
In general, different volumes of suitable primary sources for biofuel production in
Iran have been reported (Ahmadi et al. 2020). In this study, it is attempted to improve the
estimated demand and production potential of bioethanol by using the latest and reliable
information in a suitable model.
Potentials to Produce Second Generation Bioethanol
Different and contradictory information on agricultural resources and wastes has
been published in various references. Therefore, at the first step, the most up-to-date
statistics of all agricultural products in the last 40 years have been collected from reliable
sources. Among these crops, 6 energy crops were selected for bioethanol production, which
were more suitable in terms of production volume and planting rate in large areas (Fig. 3).
Based on these data, it has been determined that the amount of agricultural production and
these six energy crops are increasing (Fig. 4).
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Fig. 3. Percentage of energy crops from total agricultural products produced in 2019 in Iran
(Ministry of Agriculture - Jahad 2021)
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Fig. 4. Increasing trend of agricultural production in Iran during the last 40 years (Ministry of
Agriculture - Jahad 2021)
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Table 4. Potential of Bioethanol Production from Agricultural Waste of Six Selected
Energy Crops

Product

Wheat
Sugarcane
Sugar beet
Barley
Rough Rice
Corn
Sum of
selected
energy crops
Others crops
Total

Total
Production
(M.Tons )

Percentage
of Waste

Amount
of Waste
(M.Tons)

13.715
4.568
3.833
3.514
4.422
1.101

50%
35%
30%
30%
30%
30%

6.858
1.599
1.150
1.054
1.327
0.330

Conversion
Coefficient of
Product Waste to
Bioethanol (L per
ton)
400
360
135 - 300
300
400
350

12.318

-

4626.44

15.473
27.791

100
-

5157.5
9783.94

31.155
51.575
82.73

30%

Volume of
Bioethanol (M.
L per year)
2743.2
575.74
345
316.2
530.8
115.5

According to the latest official statistics published by the Ministry of Agriculture Jahad of Iran (which covers information until 2019), the total production of Iran's
agricultural products is about 82.730 million tons, and at least 30% to 50% is wasted, which
amounts to estimated 27.79 million tons (Ministry of Agriculture - Jahad 2021). With an
average conversion factor of 100 to 300 L per ton, then about 9.78 billion L of bioethanol
can be produced annually (about 26.81 million L per day). This means that if the current
potential of all agricultural wastes in Iran is properly planned and used, 26.81 million L of
bioethanol can be produced daily and it will fulfill the needed bioethanol for gasoline
vehicles. This will provide the required bioethanol in all three scenarios (Table 5) up to the
next 10 years and there will be no need to cultivate and produce more energy crops.
According to the results obtained, which are summarized in Tables 4 and 5, as it is clear
that the highest amount of demand will occur in 2030 when gasoline consumption will
reach up to 101.12 million L per day.
Table 5. Bioethanol Demand for 3 Scenarios by 2030
Year
2020
2030

Gasoline Demand
forecast (M. L per
day)
91.40
101.22

Bioethanol
Demand for E10
(M. L per day)
9.14
10.12

Bioethanol
Demand for E15
(M. L per day)
13.71
15.18

Bioethanol
Demand for E25
(M. L per day)
22.85
25.31

Therefore, policymakers and government officials must prepare themselves to face
this volume of demand and the environmental and economic damages caused by this
volume of gasoline consumption. In this study, three scenarios are proposed. According to
the first scenario (E10), it is necessary to combine gasoline with 10% bioethanol.
Therefore, a maximum volume of 10.12 million L of bioethanol per day will be needed by
2030. The second and third scenarios (E15) and (E25) will require 15.18 and 25.31 million
L of bioethanol per day by 2030, respectively. In the first steps, it seems difficult to collect
all agricultural waste and convert it into bioethanol. A closer look at Table 4 reveals that
six energy crops (wheat, corn, sugarcane and sugar beet, rough rice, and barley) alone
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produce 4626 million L of bioethanol per year, which is almost equal to other agricultural
products that produce 5158 million L of bioethanol per year. This amount of bioethanol
will be enough even by 2030 if the goal is to meet the country's bioethanol needs for the
first scenario (E10 = 10.12 million L) at a lower cost and with a very short planning period.
In Iran and other parts of the world, the use of bioethanol as a vehicle fuel is highly
dependent on government support, and the forecast of its demand is not subject to gasoline
consumption factors (Chanthawong et al. 2020; D’Adamo et al. 2020; Haputta et al. 2020).
Because the consumption of biofuels is not economically competitive with fossil fuels due
to the high costs of its production, it requires investment, government support in the
biofuels sector, the elimination of government subsidies from gasoline, and the approval
of consumption taxes (Chanthawong et al. 2020). However, the output of the model,
according to its input information, correctly predicts a slower upward trend for the years
2020 to 2030 than for the period 2010 to 2020 (This decrease in demand is due to the
imposition of maximum sanctions on Iran's economy and automobile industry, which
reduces domestic car production, as well as a sharp decline in Iran's GDP, is fully justified).
Of course, the COVID-19 pandemic will also be very effective in reducing demand and
will bring our forecast results very close to real values in the future. Along with the
sustainable and safe development of green fuel, which is well calculated and evaluated, it
will be clear how vital and necessary it is to invest in biofuel industries such as bioethanol,
even for an oil-rich country like Iran.
CONCLUSIONS
1. According to the latest official and updated statistics in this research, more than a
quarter of fossil energy is consumed in the transportation sector in Iran and this sector,
especially gasoline vehicles, is one of the most important producers of greenhouse
gases. Therefore, the policy of using biofuels and reducing the consumption of fossil
fuels needs to focus on this sector. This goal can only be achieved by enforcing
government protection laws, providing government subsidies on biofuels, imposing a
tax on fossil fuels, and investing in biofuels research and development to reduce the
cost of biofuels.
2. This study predicted the exact amounts of bioethanol demand for gasoline vehicles by
Mackey-Glass chaotic time series using Artificial Neural Network until 2030. Based
on this, it is predicted that the increasing trend of fuel demand will gradually continue
until 2030 and the highest demand will reach 101.22 million L per day in 2030.
3. This study proposed three scenarios (E10, E15, and E25) with the maximum demand
for bioethanol as 10.12, 15.18, and 25.31 million L per day, respectively, required by
2030.
4. If properly planned and the current potential of all agricultural wastes in Iran is used,
26.81 million L of bioethanol can be produced daily, and if the goal is to use only the
potential of six energy crops (wheat, corn, sugarcane and sugar beet, rough rice, and
barley) alone, 12.68 million L per day of bioethanol can be produced.
5. Therefore, the current potential of all agricultural wastes will provide bioethanol in all
three scenarios and there will be no need to cultivate and produce more energy crops.
If the goal is to meet the country's bioethanol needs for the first scenario (E10 = 10.12
million L) at a lower cost and with a very short planning period, the amount of
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bioethanol from six energy crops will be enough even by 2030. Of course two issues
ought to be considered in this respect. Does the cultivation of the selected crops
continue, considering the climate change and possible drought in middle east and also
the advances in crop harvesting and processing technologies reduces the amount of
waste currently generated? It should be pointed out that water management and
advance irrigation techniques will increase the total cultivation areas of the crops in
Iran.
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