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Wheat flour assessment method in SimaPro software. The total input and output energies per year of
Energy flour production were 287935007 and 286675200 MJ, respectively. Wheat had the highest
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Life cycle assessment share (99.19%) of energy consumption in flour production; the energy ratio, productivity,

intensity, and net energy gain indexes were equal to 1.02, 0.07 kg/MJ, 13.84, MJ/kg, and
0.31 MJ/kg, respectively. In the flour factory, the share of direct and indirect energy was
0.27 and 99.73%, respectively; the share of renewable and nonrenewable energy was 99.19
and 0.81%, respectively. Wheat input had the largest share of environmental indicators in
flour production. The normalization step showed that the most important environmental
indicator was marine water ecotoxicity (1.53x10° kg 1.4 DB eq/ton) followed by terrestrial
ecotoxicity (36.59x10° kg 1.4 DB egq/ton), eutrophication (5.83 kg PO, eq/ton), and
acidification potential (6.57 kg SO, eq/ton) indicator.

1. Introduction largest industrial sectors globally, and hence, the major
energy consumers [6-9]. The LCA approach has been
applied in the food processing area to assess the adverse
environmental impact [10-12]. Gholamrezayi et al. [13]
used LCA to study the environmental indicators of a 100-ton
sugar production process. Pishgar-Komleh et al. [14]
evaluated the life cycle of the tomato paste production
process. They calculated the CO2 emission of 1 kg of tomato
paste. Marashi et al. [15] assessed the environmental
impacts of producing sugar from sugarcane. Jalilian et al.
[16] studied the environmental effects of producing one ton
of two bread types. The method was applied to assess the
environmental impact of cake [17] and bread production
[18].Flour is one of the main ingredients in breads and
foods, which is usually obtained through the milling of
cereals that have starchy materials. Barley, rye, rice, and
chickpeas are also used to make flour, but it is mostly
prepared from wheat grain. For example, the annual wheat

Population growth and consequently increasing demand [1]
have led to mass production. Then, quality issues were
gradually raised, and today more attention has been paid to
social responsibilities and environmental issues. The
increasing pollution sources, activities harmful to the
environment, the trend of increased energy consumption,
and the consequences of climate pollution, highlight the
need to monitor and manage the environment. Thus,
assessing environmental impacts has become a priority. Life
cycle assessment is a new approach in analyzing
environmental indicators of various activities and is widely
used in agriculture and industry. The results of LCA can be
used in comparing different systems [2], design and
redesign of ecosystem friendly systems [3], and decision-
making tasks [4], and evaluating the effects of new
technologies on the environment [5]. Agriculture, food
industries, and agricultural conversion processes are the
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flour production in Iran is around 21 million tons, but the
total from other sources is less than one million tons.
Another reason for the high consumption of wheat flour is
that it contains gluten protein, making it appropriate for
baking [19]. So, it is consumed in many forms such as bread,
cake, noodles, and so on [20-22].Due to the amount of flour
production and the various pollutants produced in the food
industry and agricultural conversion processes, it is
necessary to conduct research to evaluate the life cycle of
flour production; by knowing the environmental effects,
different strategies can be implemented to reduce
emissions. Therefore, the purpose of the present study was
to evaluate the life cycle of flour production, and estimate
the extent of various environmental effects on the
production process.

2. Materials and methods

The present research was conducted in the Chardavol
Township, llam Province, Iran. The data of the Chardavol
Flour Company was used to assess the environmental
indicators of wheat flour production. At the factory
entrance, the purchased grains are weighed, and then some
samples are provided for testing. If the results are
acceptable, the grain is sent to storage. The most important
step of converting wheat to flour is the milling process.
Before that, the undesired materials in the crop are
removed; then, it is wetted to remove the husk. After
milling, the sprouts and bran are separated and bagged. The
input materials in the flour production system included
wheat, premix, electricity, diesel, oil, labor, plastic bag, and
water. The system’s output included wheat flour, bran, and
poultry feed (Figure 1).
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Fig. 1. Wheat flour production system.
2.1. Energy content

The energy content of inputs and outputs in the flour
production system was obtained by multiplying the values
of each material by the corresponding energy equivalent
[23]. The energy equivalent of diesel [24], oil and grease
[25], machinery [26], labor [27], plastic bag [25], wheat [28],
electricity [29], water supply [23], and chicken feed [30]
were selected from the references; then, the energy of the
premix flour material was calculated (Table 1). The energy
indicators in flour production were calculated. These
indicators included the energy ratio, energy productivity,
energy intensity, and net energy gain [30-32] the energy
ratio represents the amount of obtained energy per unit of
energy consumption. The energy intensity indicator shows
the energy consumed to produce a unit of product. This
index varies depending on the type of product, situation,
and time; it can be used as an indicator to evaluate the
energy performance in different production systems. It is
obtained by dividing the input energy by the produced yield.
Energy productivity expresses the amount of produced yield
per unit of energy consumed. Energy productivity is
obtained by dividing the amount of produced yield by the
consumed energy [33]. The net energy gain shows the

energy obtained or lost and calculated when input energy is
mined from the output energy. The renewable and

nonrenewable energy forms were calculated to show their
shares of the total input energy [9,34]. Also, direct and
indirect energy was determined as another energy form.
The wheat grain and labor were considered renewable and
nonrenewable energy and included water supply, premix,
electricity, plastic bag, machinery, diesel, oil, and grease.
The classification of direct input energy forms included in
the flour production was labor, electricity, water supply,
diesel, oil, and grease; the wheat grain, premix, plastic bags,
and machinery were considered as the indirect energy. In
the present study, the water supply was regarded as
nonrenewable energy consumption due to the use of
electricity for water pumping.

2.2. Life cycle assessment

The life cycle assessment method was performed based on
ISO 14040 and in four phases: defining the goal and scope
of the study, analysis of the systems inventory, analysis of
the environmental impacts of the system, and interpreting
the results [35]. In the present research, the environmental
effects of flour production system was investigated. The
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boundary of the system included the entrance gate to and
the exit gate of the factory. A list of life cycle inputs and
outputs that were prepared involved collecting data from
the factory and performing the exact calculations to
quantify the product life cycle. As the third part the LCA, the
environmental impact assessment phase was conducted to
find and assess the magnitude and significance of the
potential environmental consequences of the studied
system through the product life cycle. This phase was done
via SimaPro 9.1.0 software and the CML-IA baseline impact
categorization model. These basic calculations of the
interpretation phase were done by the software. Itincluded
finding the most effective factors on the environmental
impacts. This information can help to present a combination
of critical recommendations and options to reduce the
environmental burdens.

3. Results and discussion
3.1. Energy

Wheat, labor, electricity, water, and diesel fuel were the
most important inputs for producing wheat flour. Table 1
shows the amount of input and output materials and energy
in flour production. Also, the percentage share of the inputs

and outputs are provided in the table. According to these
results, the total input energy was 287935007 MJ/yr, and its
output energy was 291816000 MJ/yr for flour production.
Fikado [37] assessed the environmental impacts of flour
production in Ethiopia; the researcher stated that out of
252479 tons of imported wheat per year, 18600 tons of
flour and 1943 tons of solid waste were produced. Around
61.7% of the total solid waste was discharged in the open
environment, which was associated with undesirable
environmental effects.

3.2. Energy forms

The values of input energy forms and the corresponding
percentage shares in the wheat flour production system
have been listed in Table 2.

According to Table 2 the share of renewable energy was
99.19%. The amount of indirect and renewable energy was
higher than nonrenewable and direct energy due to the
amount of wheat grain as input of the flour production
system.

Table 1. The inputs and outputs materials and energy in flour production.

Material amount

Energy equivalent Energy

Input/output (Unit) (Unit/yr) (MJ/Unit) (MI/yr) Energy share (%)
Input

Wheat (kg) 200000000.00 14.70 285600000.00 99.19
Water supply (m3) 1200.00 1.02 1224.00 0.43x1073
Premix (kg) 1923.60 16.00 30777.60 1.07x1072
Labor (h) 2400.00 1.96 4704.00 1.63x103
Electricity (kWh) 6680.00 11.93 79692.40 2.77x102
Plastic bag (kg) 84000.00 17.91 1504440.00 0.52
Machinery (kg) 370.81 62.70 23249.47 8.07x103
Diesel (I) 12000.00 56.31 675720.00 0.23
Grease (1) 30.00 47.80 1434.00 0.50x1073
Qil (1) 288.00 47.80 13766.40 4.78x103
Total - 287935007.87 100.00
Output

Wheat flour (kg) 16800000.00 15.24 254016000.00 86.97
Barn (kg) 3600000.00 9.07 32659200.00 11.09
Chicken feed (kg) 400000.00 14.28 5712000.00 1.94
Total - 292387200.00 100.00
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Table 2. The value of energy indicators and form in flour
production.

Energy indicator/form Unit Value
Energy ratio % 101.55
Energy productivity Kg/MJ 0.07
Energy intensity MJ/kg 13.84
Net energy gain MJ/kg 0.31
Renewable Energy 2330303.87 0.81
Nonrenewable energy 285604704.00 99.19
Direct energy 776540.80 0.27
Indirect energy 287158467.07 99.73

3.3. Energy indicators

Table 2 shows the of energy ratio, energy productivity,
energy intensity, and net energy gain indicators in flour
production. The ratio of output energy to input energy was

approximately equal to the unit that shows the equal
energy content of both the total input and total output. The

average of the energy intensity in flour production was
13.84 MJ/kg. The energy productivity showed that with
consuming 1 MJ energy, only 0.07 kg flour was produced.
The net energy gain was obtained as 0.31 MJ/kg. Payendeh
et al. [34] obtained the energy ratio, energy productivity,
energy intensity, and net energy gain as 0.15 to 0.21, 0.014
to 0.02 kg/MJ, -94922.28 to -143658.70 MJ/1000pic,
respectively. Kheiralipour et al. [36] calculated the energy
ratio, energy productivity, energy intensity, and net energy
gain for sugar production as 0.56, 0.02 kg/MJ, 47.89 MJ/kg,
and -125514.26 M/100ton, respectively.

3.4. Environmental indicators

The environmental impact indicators of the flour
production system were studied applying the life cycle
assessment method. The calculated environmental
indicators in the production of one ton of wheat flour are
given in Figure 2 and Table 3. shows the effect of each factor
on the environmental indicators of flour production.
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Fig. 2. The effects of factors on the environmental indicators of flour production.

Table 3. The value of environment indicators for producing 1 ton
wheat flour.

Indicator Unit Value
Abiotic depletion kg Sb eq 1.49x103
Abiotic depletion (fossil fuels) MJ 5.03x103
Global warming (GWP 100a) kg COz eq 6.93x102
Ozone layer depletion kg CFC-11eq 4.58x10°
Human toxicity kg 1.4 DB eq 1.03x10?
Fresh water aquatic ecotoxicity kg 1.4 DB eq 97.93
Marine aquatic ecotoxicity kg 1.4 DB eq 1.53x10°
Terrestrial ecotoxicity kg 1.4 DB eq 36.59
Photochemical oxidation kg CH, eq 9.06x102
Acidification potential kg SO, eq 6.57
Eutrophication kg PO24eq 5.83

In order to have dimensionless impacts, the environmental
indicators were normalized by SimaPro software. This task
allows comparing the indicators with each other and finding

the more significant indicators. Figure 3 lists the normalized
environmental impacts of the wheat flour production
system. After normalization of the environmental
indicators, marine aquatic ecotoxicity was the most
effective environmental load in flour production with a
value of 152741 kg 1.4 DB eq. Also, the depletion of fossil
resources, global warming, human toxicity, and surface
water toxicity have the largest share of environmental
burdens in flour production. The most effective input for
flour production was wheat. Wheat has the greatest effect
in all the indicators. This is because about 20,000 tons of
consumed wheat grain are needed to produce 16800 tons
of flour. Acidity, marine aquatic ecotoxicity, eutrophication,
and global warming were the greatest indicators of canola
production. Pishgar-Komleh et al. [14] reported that the
production of 1 kg of tomato paste was equivalent to 3.2 kg
CO2, and the highest contributor to the emission was
tomato input. Marashi et al. [15], in evaluating the life cycle
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of the sugarcane industry, reported that electricity and the
burning of plant residues had the largest share per ton of
sugar. Jalilian et al. [16] compared the effects of marine
water ecotoxicity, abiotic depletion (fossil fuels), global

warming, freshwater ecotoxicity, and acidification potential
to other effective groups in the production of one ton of
bread.
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Fig. 3. The normalized environmental indicators of flour production system.

4. Conclusions

Wheat, whit 99.19%, has the highest share of renewable
energy in flour production, followed by plastic bags.
Although these inputs cannot be decreased in the factory,
but others such as electricity and fuel can be optimized by
applying management consumption methods. After the
normalization of the environmental indicators, the marine
aquatic ecotoxicity of 152741 was the most effective
environmental load in the flour production system. Also,
the abiotic depletion of fossil fuels, global warming, human
toxicity, and freshwater ecotoxicity had a large share in the
environmental loads in flour production. All inputs that
affected the indicators can be further studied to reduce
them. The contribution of the wheat factor in all
environmental impacts was high because it is the main input
in flour production. Material and energy consumption and
process management regarding wheat farms should be
emphasized to reduce adverse environmental effects.
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