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Most of the profits from the production of agricultural products are
spent on energy costs of inputs (including machinery, irrigation, and
fertilizers). In the present research, energy consumption analysis,
emission of greenhouse gases and their optimization from Data
Envelopment Analysis (DEA) methods in sugar beet production from
the dominant products of Naghadeh city in Azerbaijan Gharbi
Province were investigated. Furthermore, efficient and inefficient
units were identified. The results showed that the total energy input

in the production of sugar beet products was 37548.371 Mj/ha. The
highest consumption of inputs in sugar beet was fuel input with
38.81% and chemical fertilizers with 33.49%. Additionally, the
emission of greenhouse gases in the production of sugar beet products
was calculated to be 1319 kg/ha. Fuel was the most widely used input
at 54% in sugar beet. Energy efficiency was also equal to 1.83. The
results of the optimization of energy consumption and emission of
pollution using data envelopment analysis showed that 4.69% of the
total energy of sugar beet in Naghadeh city can be stored. Moreover,
envelopment analysis of the data reduced the greenhouse gases of
sugar beet by 246.25 kg of carbon dioxide per hectare. Chemical
fertilizers had the greatest share of energy storage with 26% and fuel
input had the highest share in reducing greenhouse gas emissions
with 41%.
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EXTENDED ABSTRACT

Introduction

Sugar beet is one of the most important agricultural products with high nutritional value
in the world, and West Azarbaijan province is considered one of the agricultural poles in
Iran, ranking first nationally in the production of agricultural products such as beet,
pumpkin, and wheat; and on this basis, this province was recognized as suitable area for
conducting the study. The area under sugar beet cultivation in Naghadeh city is 4500
hectares and the average annual production for sugar beet is 300 thousand tons and 1620
tons for pumpkin. One of the optimization methods widely used to achieve the high goals of
the systems is Data Envelopment Analysis (DEA). The review of related sources showed that
despite the wide range of research in the field of energy consumption and emission of
greenhouse gases in Iran's agricultural products, none have investigated energy and its
optimization and emission of greenhouse gases, resultant environmental consequences and
optimization of emission. The related pollutants in the sugar beet product have not been
discussed. Therefore, the main goal of this study was to optimize energy consumption and
reduce greenhouse effects in the production of sugar beet using the data overlay analysis
method in West Azarbaijan Province (Naghadeh city).

Methodology

This study was carried out with the aim of modeling and optimizing the energy
consumption and the number of emissions (greenhouse gas emissions) in the dominant
cultivation of Naghadeh city located in West Azarbaijan province in the crop year 2021-
2022. The sample size of the sugar beet product was 53, but in order for the samples to
express the characteristics of the society more effectively and more reliably, 60
questionnaires were considered. In this research, the energy and greenhouse gas emissions
indicators for the sugar beet product in the study area were calculated and the efficient and
inefficient units in terms of energy consumption and the amount of emission of pollution
were determined with the help of data coverage analysis, using the original version.
Frontier Analyst 4 software was optimized with data coverage analysis; the advantages of
this software include correct and standard answers compared to other non-original
software and ranking of efficient units. In addition, the contribution of each input in saving
energy and reducing greenhouse gas emissions was investigated.

Results and discussion

The results showed that the average energy consumption for one hectare of sugar beet
was 37548.49 megajoules and the amount of energy obtained was equal to 265908
megajoules per hectare. The results of average comparisons showed that there was a
significant difference between different levels of farms in terms of total input energy, and in
terms of the difference between output energy; in other words, performance for different
levels of farms was significant. The largest cultivated area of the farms in this area was
between one and three hectares. The performance of medium lands with an average output
energy of 155590.4 megajoules per hectare was much greater than the rest of the lands.
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Fuel input accounted for the largest amount of energy consumption with 38.81%. In this
region, nitrogen was increasingly used compared to other fertilizers, which is the next
energy consumption in sugar beet after fuel with 33.49%. After the inputs of chemical
fertilizers and fuel, animal manure (9.62%), machines (9.06%) and electricity (4.75%) were
among the energy-consuming inputs in sugar beet production, respectively. In addition,
with 0.26%, poisons played the least role in total energy consumption. The results showed
that the total emission of greenhouse gases was 1319 kg of carbon dioxide per hectare. In
addition, the difference between medium farms and other farms was significant in terms of
emission rates. Medium lands had the highest amounts of emissions compared to other
farms due to the larger area under cultivation and the high level of mechanized operations
and the use of more machines and fuel. While small plots in beet fields had the lowest
amount of emissions among the three grouped levels. Based on this, fuel was the most
emitting input with 54.16%, followed by cars and nitrogen with 18.31% and 16.14%,
respectively, having the highest share in the total amount of greenhouse gas emissions. The
total amount of energy required in the state of optimal consumption of inputs was equal to
36065.53 megajoules per hectare, and poisons, electricity and animal manure had the
highest percentage of reserves with 20.80, 19.8 and 10.37, respectively, compared to the
usual state of consumption in farms. Moreover, 69.4% of the total input energy in sugar beet
cultivation in the study area could be saved without reducing yield.
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Figure 1. The share of different inputs from the total input energy in sugar beet production (percentage)
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Figure 2. The share of different inputs from the total emission of greenhouse gases for sugar
beet production

Conclusion

The results of optimization of energy consumption and emission of pollution using the
data coverage analysis showed that there is a great potential for saving energy consumption
and emission of greenhouse gases in the region. Without this energy saving and emission of
greenhouse gases, there will be a decrease in the yield of farmers in this region. Based on
this, 69.4% of the total energy of sugar beet in Naghadeh can be stored. In addition, the data
overlay analysis reduced greenhouse gases for the sugar beet product by 246.25 kg of
carbon dioxide per hectare of greenhouse gases. Chemical fertilizers had the largest share
of energy storage with 26% and fuel input had the highest share in reducing greenhouse
gas emissions with 41%. Therefore, it is recommended to carry out applied research on
determining the amount of plant needs for different elements based on the fact that
chemical fertilizers have a significant share of the energy consumed in sugar beet
production. With this, it is possible to save energy and increase energy efficiency. It also
prevents the indiscriminate and unprincipled use of chemical fertilizers that have harmful
effects on the environment. The production and use of quality fuel or the use of alternative
fuels, which should be given special attention at the national level, is another way to increase
energy efficiency and reduce greenhouse gas emissions.
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