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ABSTRACT

The growing trend of urban waste production and the environmental pollution caused
by it, are among the factors that have forced mankind to try to obtain renewable fuels.
In the case of Isfahan city, an average of 1000 tons of urban waste is produced daily and
76% of it is organic matter. Therefore, in the direction of producing renewable fuels,
there is a potential for biogas production. This research has a descriptive-analytical
view, which is purposed at development and application. The method of collecting
information is the library and survey, and in addition to that, direct surveys, and
reliable sources have also been used. The municipal waste was analyzed according to
the Hans method according to the VDI 46030 standard, and the biogas analysis was
done using a gas chromatograph equipped with a TCD detector, and also to check the
potential of biofuel production after digesting the dried waste, the amount of free
sugar It was checked by DNS method, then after detoxification and fermentation, the
amount of bioethanol in the obtained samples was measured by HPLC. The results
show that for 6 kg of organic waste after 54 days of anaerobic digestion, an average of
490 ml/gr of biogas was obtained, 60% of which is methane, and 8 grams of ethanol
were produced for 20 grams of dry waste. According to the studies, if 5% gasoline is
used in Isfahan city, the carbon monoxide pollution index will decrease by 11% and the
suspended particles index will decrease by 67%.
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1. Introduction

Waste is considered one of the important
sources of pollutants in big cities. The lack
of proper management can play a significant
role in the occurrence of human and urban
environmental crises. To solve this problem, you
must think of a solution and use appropriate
methods to reduce or return these materials to
the production cycle. In this case, we will face
environmental problems in the not-too-distant
future., (Karmee, et al. 2016; Sohoo, et al. 2021)
The high composition of food and plant waste,
which includes carbohydrates, glucose, starch,
fructose, cellulose, and lipids in urban waste,
which are easily decomposed, is a good source
for the production of biofuels such as hydrogen,
methane, and bioethanol. If this amount of
organic waste is properly managed, it can take a
positive step in preserving the environment and
reducing greenhouse gases. (Sohoo et al. 2021,
Taherzadeh, et al. 2008, Hoover, et al. 2001.)
On the other hand, energy is one of the most
important axes of development of any society.
Decision-making and policy-making in this field
without considering the changes that will occur
in the future and the needs that will arise in the
future will result in nothing but failure.) (Escobar,
et al., 2009). Because the organic matter in urban
waste is a suitable source for the production of
renewable fuels, according to the studies carried
out today, the production of methane gas and
biofuel (bioethanol), and electricity from urban
solid waste is a cost-effective solution. And
environmentally friendly, it is used to reduce
waste and dispose of it without environmental
consequences. (Schirmer et al. 2014; Shomal
et al. 2019) In developed countries, especially
in European countries, many factories have
been built to produce electricity and heat from
methane obtained from waste (Chen, et al., 2016,
Hoang, et al., 2022). Therefore, it is necessary to
investigate the potential of producing renewable
fuels from urban waste, and in another measure,
to investigate their economic and environmental
aspects, considering the information and data
that exist from the past and present, with a vision
for the future and opportunities. existing can be
planned for it (Shumal. et al. 2020; Gonzalez,
et al. 2017). It should be mentioned that the

establishment of a management system requires
the identification of various factors such as the
economic status of the people, social conditions
and customs, material components It has solid
waste, the humidity of solid waste, percentage of
organic matter, availability of required land, type
of technology. Therefore, a management system
can be unique management system for each city.
(Norbakhsh et al. 2020).

2. Materials and Methods

2.1. Investigating the chemical characteristics of
waste in Isfahan city

To analyze urban waste, a 200 kg sample
of the screened material of line 3 (bag opener
line) was removed. This sample was mixed
enough. and turned into pulp. Then, organic
carbon, phosphorus, pH, total soil nitrogen,
and elemental analysis (CHNS) were measured.
(Shomal, et al. 2019) To produce biogas, a method
similar to Hans’ method was used following the
VDI 46030 standard. The analysis of the produced
biogas and the determination of the percentage
of methane and carbon dioxide was performed
using a gas chromatograph equipped with a
TCD detector. (Drosg, et al. 2012; Ritzkowski,
et al. 2021) To measure the potential of biofuel
(bioethanol) production, the amount of dried
waste after digestion, and the amount of released
sugar were determined by the DNS method. Then
a step was detoxified with lime under standard
conditions, then pre-processing was done using
sodium carbonate and the amount of extractable
material was determined. In the next step, the
culture medium was prepared according to the
standards and Mucoindicus mushroom was used
for fermentation. The amount of ethanol in the
samples. It was measured by HPLC, which was
used for higher accuracy than standard samples
with specific concentrations containing ethanol,
glycerin, and glucose. (Verhe.R. et al. 2022;
Miezah, et al. 2017 (

2.2. Composition of the percentage of components in
municipal solid waste

According to the information obtained from
the amount of waste produced and its analysis,
some of the characteristics and composition
of the percentage of materials in the organic
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component of Isfahan urban solid waste are
shown in Table 1-3. In the year 1400, an average
of 31 thousand tons of all kinds of waste (except
for construction refuse) were collected in Isfahan
city. The physical analysis of the collected wastes
shows that more than 76% are organic materials
(food wastes), wastes. Green and branched (9%),
other plastic waste (5.2%), diapers (4%), paper
and cardboard (3%) accounted for the highest
percentage of urban waste analysis, respectively,
and 2.3% of other waste It includes recycled waste
and special treatment of normal waste. Table 2-3
shows the amount of moisture, organic matter
carbon, volatile and non-volatile solids, nitrogen,
ash, phosphate, total fat, and pH. The pH of the
sample is in the range of 5.1-6.5, so it should be
checked regularly during the operation because,

in anaerobic digestion, the pH depends on the
alkalinity of the liquid in the digester and also
the amount of carbon dioxide in the gas phase.
In an anaerobic digestion process, by measuring
the concentration of organic acids, it is possible
to ensure the balance between the collections
of microorganisms. If inhibitory compounds
enter the system or the system is overloaded, the
concentration of organic acids increases. If the
buffering capacity of the systemislost, bicarbonate
should be added to the system because the
decrease in pH kills methanogens (Rittmann, et al,
2001; Teng, et al, 2014). According to the obtained
numbers, urban waste has a high percentage of
moisture, which causes negative economic effects
in the fermentation sector and low combustion
efficiency and energy production. The analysis

Table 1. Checking the percentage of waste components in the city of Isfahan in 1400

Amount in percent

Municipal waste components

76 Amount of organic matter
9 Green waste and branches
5.2 Plastic
4 diaper
3 Paper and cardboard
0.5 A special component of normal waste
2.3 Other waste (textiles and other recyclable materials)
Table 2. Examination of the chemical properties of urban solid waste
test method amount unit Parameter of the organic part of the waste
3.5-4.8 ds/m EC(1:10)
77-81 % Organic Materials
39-46 % Organic Carbon
5.1-6.5 - pH (1:10)
1700-3500 mg/Kg (wet) POs*
ISIRI 13320 15.2 ( weighted-weighted)% Protein
ISIRI 1677 70.4 ( weighted-weighted)% moisture
ISIRI 13320 19.8 (weighted-weighted)% ash
Soxhelet Method 2 ( weighted-weighted)% total fat
ISIRI 13320 2.5 (weighted-weighted)% Nitrogen
drying oven method 954 ( weighted-weighted)% Total solids
Ash method 68.8 ( weighted-weighted)% volatile solids
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of urban waste in Isfahan shows that due to the
high amount of organic carbon, protein, and fat,
it has a high potential for producing biogas and
biofuels. (Noorbakhsh, et al. 2019/ Hoang, A, et
al. 2022/ Schirmer, et al. 2014/ Sosnowski, et al.
2008) Anaerobic treatment microorganisms, like
all microorganisms, need a series of nutrients.
(Gerardi et al., 2003)

2.3. Measuring the amount of methane produced
The amount of biogas and then the amount of
produced methane and carbon dioxide from the
samples were checked in 54 days. The amount
of methane produced from the samples and the
cellulose sample has been increasing over time,
and this increase was less in the first days, but
with the increase of time, the amount of methane
production increased more, and the methane
production of the three samples was almost close
to each other. From the witness sludge sample,

it has been almost constant since the 12th day.
The anaerobic digestion process on the organic
materials in the control sludge started 5 days
before the start of the experiment, and during
this time, many polymeric materials and late
digestion agents started their hydrolysis process.
Therefore, the materials in the witness sludge are
faster-digestible materials than other samples
and require less time for anaerobic digestion.
which is shown in Figure (1-3.) The amount
of carbon dioxide gas production from the
samples has increased over time with an almost
constant slope, proportional to the increase in
biogas production. Methane potential after 54
days of anaerobic digestion was obtained on
average equal to 490 ml/g of volatile solid. These
numbers were after correcting the amount of
methane produced according to the gas law
(temperature of 20 degrees Celsius and pressure
of 1 atmosphere). The higher the percentage of

Table 3. The total amount of biogas and the percentage of methane after 54 days of the experiment (the numbers are

related to the temperature of 37 degrees Celsius)

Total Biogas (mL/g-VS) Methane (Vol %)
Sample 1 939 60.4
Sample 2 1025 65.9
Sample 3 914 62.5
Cellulose 851 61.1
Sludge 204 50.6
700
% 600
X500 ) diged
E400 o
T Y diged
% 300
Q L
E
5 100
S v
< 0 1 - T T

Time (day)
Figure 1. Cumulatively produced methane from the samples
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methane, the higher the quality of the produced
biogas. The results show that energy recovery
from urban waste is one of the most widely used
methods for managing urban solid waste through
an anaerobic digestion system. This technology
can be considered in energy recycling not only
in developed countries (with high resource
segregation) but also in developing countries
(with poor resource segregation). According
to the studies conducted in Isfahan city, due to
the dry climate, it is more appropriate to use
anaerobic digestion technology, which has been
reported to have the potential for urban waste
methane production, and it should be noted that
the average amount of methane production can
be achieved with different steps. Refinement
and preparation of its raw materials increased

(Noorbakhsh, S. et al. 2019/ Hoang, A, et al. 2022)
Considering that biogas is mainly composed
of methane and carbon dioxide, in addition to
the volume of methane produced, the volume of
carbon dioxide produced is also important.

2.4. Investigating the potential of biofuel production
(bioethanol)

According to the relevant analysis, it showed
that more than 76% of urban waste is made
up of organic materials, and on average, the
organic part of the waste contains 58.6% starch,
11.8% glucan, 3.6% xylan, and 0.3% galactan.
8.8% acid-soluble lignin, 9.8% acid-insoluble
lignin, 0.3% ash, and 0.4% other sugar polymers
(weight percent) were analyzed based on the
method by NREL (2008) (Sluiter, et al. The high

Table 4. Data related to the amount of methane production in terms of mL/g-VS units

Day 0 2 4 6 9 12 15 18 20 23 26 29 32 35 42 46 54
Samplel 0 11 27 49 89 128 177 239 281 317 353 387 435 489 524 541 567
Sample2 0 13 32 60 131 181 240 311 358 420 473 508 549 594 632 646 675
Sample3 0 9 27 52 91 123 185 228 257 299 344 396 445 491 537 556 572
Cellulose 0 2 12 28 72 109 149 169 183 209 242 289 351 419 49 513 520
Sludge 0 11 21 34 58 64 71 75 76 80 87 91 93 95 97 103
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Figure 2. Peak curves related to pure methane with volumes of 50, 75, 100, 125, and 200 microliters.
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composition of food (protein, lipid, carbohydrate,
glucose, starch, fructose, and cellulose) and
vegetable waste in urban waste, which is easily
decomposed, is a good source for the production
of biofuels in Isfahan city. If this amount of
organic waste is managed properly, it can take a
positive step in preserving the environment and
reducing greenhouse gases (. (Taherzadeh,etal
2008/ Hoover,etal 2001)

The results of ethanol fermentation after
fermentation and analysis of the samples taken, the
theoretical yield of ethanol production was obtained
from equation (1-3).

Theoretical efficiency of ethanol =

Ethanol production <100

1/1111*/051* Anexisting example of glucan

In other words, the theoretical amount of
ethanol is 0.51 grams of ethanol per gram of
glucose. The amount of produced ethanol was 8
grams per liter or 43.07% by weight of dry waste
by measuring by the FID_GC device. For 20 grams
of primary dry waste, it is 8 grams per liter. Studies
show that this result is consistent with the results
of other studies (Miezah, et al., 2017).

. The urban waste of Isfahan is because more
than 76% of it is organic matter, which includes
bioactive compounds such as lignocellulosic
materials and substrate starches, including
protein, fat, and carbohydrates. All carbohydrates,
fats, and proteins have a high potential to produce

biogas and biofuels. According to the studies, the
current potential of bioethanol production in
Isfahan is 76230.0 liters per year (Miezah et al
2016 (Taherzadeh, et al.2008/ Kim, et al.2014)

2.5. Economic and environmental study of biofuel
production from waste

2.5.1 Thermal and electrical energy and bioethanol
that can be extracted from Isfahan’s wastewater

According to the studies conducted and the
review of the technologies presented for the
production of biogas from solid waste and its
efficiency. BTA in different countries (Germany),
Valorga (France), and DRANCO (Belgium) waste
production efficiency of biogas from waste is
between 80 and 200 cubic meters per ton of
waste. On average, this efficiency is considered to
be 140 cubic meters per ton of waste(

By taking into account the efficiency of biogas
production from more waste, the amount of biogas
obtained from more waste can be estimated:

Daily capacity of biogas produced from urban
waste in Isfahan:

3
883,122 100 +140m

day

m’ biogas
day

=123637

ton

The calorific value of biogas (combined with 35%
carbon dioxide and 65% methane) is equal to 22 M]/
m3 (Sabziparvar, 2008). As a result, the amount of
energy obtained from it is:

(g B Jg) e

v = 8E-06x
R*=0.9992

0 200000 400000

600000

00000 1000000 1200000 1400000

S ol
Figure 3. Calibration plot obtained for ethanol
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= 2720014y

day

m’ biogas y 22 MJ

3

123637

ay Im

The typical electrical efficiency of biogas
engine generators is about 40%; Therefore, if the
produced biogas is used in the engine generator
to produce electric power, there is the ability to
produce 2.4 kWh of electricity per cubic meter of
produced biogas (Davodinejad, 2015). As a result,
the amount of electricity that can be produced
daily from the produced biogas is equal to:

3 .
m’ biogas N 24 k\}Vh 996729 kWh
ay Im day

123637 =124 MW

To calculate the trend of electricity production

from biogas extracted from more waste, it was
assumed that the per capita production of waste
in the coming years is the same as in 1400. The
amount of electricity obtained from itis calculated
in the table below. This table shows that until
1404, the capacity of electricity produced from
more waste can increase to about 14 megawatts.
The investment cost for building a unit or units to
produce electricity from biogas with a capacity of
14 megawatts is about 1120 billion tomans. Due to
the non-separation of waste in Isfahan, due to the
lack of high profit and sufficient attractiveness in
investing in biogas, the private sector is unlikely to
achieve this goal. Unless the relevant institutions
increase the profitability of such units with their
participation. For example (by providing special
facilities or participation in investment, etc.)
Considering that bioethanol is the most

Table 5. The amount of air pollution reduction in the case of using bioethanol as a substitute for gasoline

The amount of pollution Pollution Share of gasoline engines Share of traffic in
reduction in Isfahan city ~ reduction rate in pollution caused by Isfahan air pollution pollutant
(percentage) (percentage) traffic (percentage) (percentage)
-11 -15 99 76 Carbon monoxide
-67 -90 99 76 Particles
+13 +18 929 76 Nitrogen oxides

Table 6. Percentage reduction of carbon dioxide emission in the case of using ethanol in the current conditions of
Isfahan city

The total Amount The total Daily
c0o2 . The amount of .
reduction amount of of CO2 Alternative amount of CO2 produced consumption fuel
ercentage CO2 produced produced fuel CO2 produced (K /litgr er day) (million
p & (tons per day)  (kg/liter) (tons per day) & p y liters)
2.5 4617.6 2.116" E5 4501.5 2..347 1.918 Petrol

The prediction of gasoline consumption in Isfahan city was made based on the population growth trend. Currently,

the car per capita in Isfahan city is equal to the:

1168000 vehicles 538 vehicles
2168172 1000 person

Per capita, gasoline consumption in 1400 is equal to:
987000000

Vehicles per capita=

_ 845 liter

petrol consumption per Capita={35ar66- chies = Vehicle
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Table 7. Prediction of the amount of gasoline and bioethanol required until 1404 in Isfahan

Required ethanol Gasoline consumption  The population of Isfahan  Car per capita (cars per
(million liters per year)  (million liters per year) (million people) 1000 people) year
52.90 1058.19 2.32 538 1400
53.66 1073.32 2.36 538 1401
54.43 1088.67 2.39 538 1402
55.21 1104.24 2.42 538 1403
56 1120.03 2.46 538 1404
Table 8. Checking the amount of wastewater and electricity produced from it until 1404 in Isfahan
Produced electricity ~ Total production waste per year More waste per capita per day population
(megawatt) (tons per year) (kg per person per day) (million people) year
13.04 931.1 0.4 2.32 1400
13.22 944.4 0.4 2.36 1401
1341 957.9 0.4 2.39 1402
13.60 971.7 0.4 2.42 1403
13.80 985.5 0.4 2.46 1404

important liquid biofuel known in the world, it is
the most valuable and environmentally friendly
urban waste recycling product. The biological raw
materials used in the production of bioethanol are
mainly organic. (Demirba, et al. 2003/, Bajpa, et al.
2013) On the other hand, currently, the main way
of using fuel ethanol in the world is to add it to
gasoline consumed by cars, instead of a harmful
additive. Ethanol biofuel can be used alone as a
fuel or as an oxygen carrier in fuel and increase
its oxygen content and cause better oxidation of
hydrocarbons and as a result reduce the output
of carbon monoxide, sulfur dioxide, and volatile
organic compounds. and hydrocarbon particles
from the exhaust of cars (Brandberg et al. 2007),
so in this regard, according to the investigations,
76% of the pollutants are from transportation
trafficc of which 99% are related to gasoline
engines. Mixture 5 The percentage of bioethanol
in gasoline is called five percent gasoline. The use
of five percent gasoline does not need to change
the structure of the existing gasoline engines.
Table 5-3 shows the amount of reduction in air
pollution if ethanol is added to gasoline. ( Vanetal.
etal 2003, Demirba,etal.2005/)

(, (Agarwal, et al. 2007) The data in this table
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shows that the quality of the fuel used in gasoline
engines has agreat effect on reducing air pollution.
By replacing ethanol, suspended particles can be
reduced by about 70%. On most of the polluted
days in the city of Isfahan, the air is suspended
particles have exceeded the permissible limit
(Purwadi, et al. 2004)

The use of bioethanol is not only effective
in reducing pollutants, but also in reducing
the emission of CO2 as a greenhouse gas. In
this article, by examining the statistics of daily
gasoline and diesel consumption in Isfahan and
knowing the number of CO2 emissions from
each liter of gasoline and diesel, the total amount
of carbon dioxide emissions can be calculated
(Arbor et al. 2014).

If it is assumed that the consumption of
gasoline per capita and also the consumption of
cars per capita in the city of Isfahan will remain
constant in the next ten years, then according to
table 6-5, it is possible to calculate the amount of
gasoline consumption in Isfahan in the horizon of
1404 and predict its trend. In the production of
ethanol, it is equal to 7.6 million liters per year,
which is about 7 to 8 times this amount per year,
to replace 5% gasoline with regular gasoline. It
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should be noted that considering the price of
gasoline and receiving its subsidy, it is necessary
to pay the difference between regular gasoline and
5% gasoline for the production of ethanol required
for 5% gasoline by the relevant institutions, in
this case, the use of fuel with less pollution will
certainly be a priority for the people. Had

3. Results and Conclusions

The world’s increasing need for new energy
sources, especially in the transportation sector, is
one of the basic problems of developed and even
developing countries today. Pollution caused by
fossil fuels is one of the other factors that have
made mankind try to obtain renewable fuels.
Also, the crisis caused by global warming and
environmental pollution, about the production of
greenhouse gases due to excessive consumption
of fossil fuels, has increased the demand for
alternative fuels. In line with this, a new economy
has emerged in the 21st century, which is known
as bio-economy, and emphasizes the use of clean
and new technologies. Renewable energies are
a suitable solution to solve these problems. In
the first stage, the amount of waste production,
especially physical and chemical, was investigated
by library studies and the cooperation of the
Urban Services Department and the Waste
Management Organization. On average, 31,000
tons of all types of waste (except construction
refuse) are collected in Isfahan city every month.
The physical analysis of the collected wastes
shows that more than 76% are organic materials,
green and branched wastes (9%), Other plastic
wastes (2.5%), diapers (4%), paper and cardboard
(3%) respectively accounted for the highest
percentage of urban waste analysis. According to
the analyzes performed, the cumulative methane
production rate was 493 ml per gram of volatile
solids per 6 kg of waste, and 8 grams of ethanol
were produced per 20 grams of primary dry
waste. Because compounds such as food waste
are rich in organic components, the presence of a
high percentage of organic components in urban
solid waste is obvious and creates a high potential
for turning waste into energy. Because the yield
and characteristics of the products produced in
this process depend on the operating conditions
and compounds in the feed such as carbohydrates
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(cellulose, hemicellulose, lignin and starch,
proteins, fat, and ash). According to the library
studies and matching them with the total
urban waste, the calorific value of biogas (with
a combination of 35% carbon dioxide and 65%
methane) is equal to 2720014 mj/day in one day.
Electricity production from biogas can produced
as much as 14 megawatts of electricity in 1404.
Generating electricity from waste creates both
employment and protection of the environment,
because generally now, waste is buried in the
ground, which has a lot of environmental harm.
Generating electricity from biogas requires the
separation of waste, which is currently not fully
implemented in Isfahan city, and as a result, this
task has faced technical and operational problems.
Generating electricity from biogas requires a
very high investment (1120 billion Tomans),
which certainly requires the participation of
the private sector. Apart from the operational
problems of implementing such units, due to
the unattractiveness of investing in this sector
(due to the low purchase price of the electricity
guarantee), investors do not show much interest
and currently, the laws of the country are not such
thatit canbe seen as attractive. The use of biodiesel
does not have much effect on the air pollution of
Isfahan city because the number of diesel cars
that travel in the city is much less compared to
gasoline engines. According to the investigations,
the current potential of bioethanol production in
Isfahan is 7,623,000 liters per year. It is predicted
that the consumption of gasoline inIsfahanin 1404
will be equal to 1120 million liters per year, and
as a result, the need for bioethanol is 56 million
liters. Expanding the use of bioethanol requires
paying the difference between biofuel and regular
gasoline. This number is about 157 billion Tomans
annually on the horizon of 1404. which should be
paid by the relevant institutions, otherwise the
consumer will not have any incentive to use it.
The current potential of bioethanol production
in Isfahan is 7,623,000 liters. According to the
studies, if 5% gasoline is used in Isfahan, the
carbon monoxide pollution index will decrease
by 11% and the suspended particles index will
decrease by 67%. It is suggested that considering
that the city of Isfahan has a specific organization
for processing and separation from the source,
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planning and necessary arrangements for proper
waste management and educating the citizens,
with a more detailed examination of the amount
of waste in the city of Isfahan, its potential for
other biofuels can be investigated to be able
to Pay attention to the economic, social and
environmental conditions, the technology should
be selected according to the existing conditions,
on the other hand, the country should prepare
the appropriate laws and platforms so that energy
production is both economically efficient and can
be done easily and quickly from a technical point
of view.
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