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Analysis and Comparison of Energy Efficiency in the Irrigated Wheat

Production for Hub Provinces

Abstract

Regarding the limitation of non-renewable energies, as one of the most important (main) production factors
leading to a country’s economic growth, and also considering the negative impact of increasing use of energy
such as air pollution and climate change, it becomes necessary to manage the energy consumption. On this
basis, the present study estimates (investigates) different consumption energies and compares the efficiency of
the energy using the Data Envelopment Analysis method in irrigated wheat production in pole regions
(Khuzestan, Fars, Golestan, Kordestan, and Kermanshah) during the 2011-2019 time period. The results of this
study show that the minimum and maximum average technical effectiveness of energy consumption was in
Fars and Khuzestan regions respectively. Fars region is using on average 13.3% and 15.6% excess of the
efficient condition renewable and non-renewable energies respectively, which is necessary to decrease this
amount of consumption in this region for irrigated wheat production. In recent'years, the gap trend in energy
consumption in the Fars region has even increased. As of 2019 the gap between renewable and non-renewable
energies was respectively 27.9%. Additionally, in every region except Khuzestan there was asneed for reducing
energy consumption. Therefore, this study suggests that the estimated gaps between production development
plans in the abovementioned regions be taken into consideration and relevant goals for reducing energy
consumption be set in these regions. \

JEL Classification: Q1,043,049 \

Keywords: Renewable energy, non-renewable energy, efficiency of energy consumption,
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Objective

As the most important commercial commaodity, with the Iardtst share in world commerce, energy is of great
importance for human activities. Iran, as a growing country, despite having rich and extensive energy, large oil
reservoirs, huge underground minesiand potential energy, is considered one of the examples of the growth
model with pressure on natural resources (Zaremehrjerdi & /Ziaabadi, 2010). In general, energy in the
agricultural sector is considered one of thexmost important production factors, so that most of the agricultural
inputs have an image of energy in their bodies (Kohansal,"2014). Nowadays, for producing agricultural
products, inputs such as fuel, electricity, machines, seeds, chemical fertilizers, and agricultural pesticides have
a significant contributien in providingjenergy resources (Hamedani et al., 2014). This variety of inputs has
created significant changes in the énergy consumption pattern of the agricultural sector and has caused more
dependence on fossil fuel energy sgurces (Mousavi-avval et al., 2011). This can cause negative effects on the
environment and ‘public healthpand lead to overuse of natural resources. Therefore, this issue reveals the
importance“and necessity of @xamining the energy consumption pattern in order to use it effectively in the
agricultural sector (Rafieeret al., 2010). As one of the main food and agricultural products, wheat has a special
place inithe worldyand is one of the main sources of energy for humans. In Iran, wheat is considered the most
important croppso that'in 1398, the production of wheat was estimated to be about 8.3 million tons, which was
about 46.1% of the production of water wheat in the five provinces of Golestan, Fars, Khuzestan, Kurdistan,
and Kermanshah. And also, the area under cultivation dedicated to this product in the provinces of the wheat
production poleis estimated to be about 45.5% (Agricultutal Iran Statistics, 2020). There are very limited
reports related to the assessment of input energy and energy audit in wheat production systems in the provinces
of the wheat production pole, so the main objectives of this study are to analyze and compare the energy
efficiency in the agricultural sub-sector of the provinces of the wheat production pole and to calculate the
renewable energies and non-renewable energies in these provinces.

Methods
In 1974 Odum established the first method of energy analysis (SSSA 11997). And at the same time, Energy
Evaluation Method was propounded by IFIASXFluke, 1992). The concern about the increasing dependence
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of agricultural production systems on fossil energy sources has led to the attention to energy analysis techniques
for studying the degree of energy dependence and investigating energy efficiency in agricultural systems
(Stout, 1990). Odum tried to understand the relationship between environmental systems with the principle of
general systems theory. He expressed the relationship between input and output energy in environmental
systems using mathematical formulas. Considering this, it is important that the results of energy studies depend
on the set of assumptions used, such as the definition of outputs and inputs and the energy equivalent of inputs
(Conforti & Giampietro, 1997). In the first part, renewable and non-renewable energy inputs are calculated.

Input energy(consumed): In this stage, all direct inputs (fuel, electricity and human power) and indirect
inputs (chemical fertilizers, animal manure, chemical poisons such as herbicides and pesticides, machinery and
seeds) during the implementation of different agricultural operations to produce products from energy
conversion coefficients are equated for each operation and then the amount of energy is calculated for each
input and operation. Energy (E) is measured as fossil energy and is defined by the unit of Joule (J). All fuels
and electricity come from non-renewable energy sources. Energy use (EU) is defined as the net energy used to
produce an agricultural product until it is sold and leaves the farm or used as animal feed. Energy consumption
can be divided into two groups: direct (EUdirect) and indirect (EUindirect) (Uhlin;,1998). Direct energy
(EUdirect) is an energy input used in production when such input can be converted directly. into energy units
(for example, diesel fuel, oils and electricity for irrigation and drying). Indirect energy (EUindirect) is the
energy used in the production of inputs used in production, which cannot be directly“converted into energy
units (for example, machinery, fertilizers, pesticides are ingluded in this category) (Dalgaard, 2001). In the
second part, energy efficiency is calculated. In 1978, an article by Charnes, Cooper and Rhodes (CCR) was
presented, which introduced the practical measurementof efficiefigy,using lingarpfegramming technique. This
method is now famous for comprehensive data analysis‘and is based en optimization principles using linear
programming methods. In this method, which is a known as nien-parametric method, the efficient frontier curve
is created from a series of points determined by‘the linear programming model. The detection of these points
is done in the two states of establishing and not establishing,the ‘assufption of constant efficiency relative to
the scale. In fact, with a series of optimizations, it is determined, whether the desired decision-making unit is
on the efficiency boundary (efficient unit) or outside it'(inefficient unit) and with the help of this method,
efficient and inefficient units are,separated from each other:It'IS noteworthy that in this method the objective
function (output energy) can be maximized according to the energy ofispecific inputs. or by using its double,
that is, according to a certain amount'ef.output energy, minimize the use of input energy (factors of production).
Since in this technique all the data are covered, it is known as data coverage analysis (DEAR (Coelli, 1996).
The information of this study was obtainedifrom the Ministry of Agriculture (1400) and contains provincial
production cost of water wheat information between 1390 and 1398. Also, DEAP2.1 software package has
been used to estimate the performance,results.

Results

In the presentistudy and Gemp@rison of the efficiency of five provinces of water wheat production in the
country during 1390-1398, the results showed that the lowest fluctuations in energy scale efficiency were in
Golestan and“Fars proVince§yon the other hand, the highest fluctuation of scale efficiency was related to
Khuzestan and Kurdistan provinces. Also, in terms of energy technical efficiency, Fars province has the lowest
average technieal effici&ncy among the five studied provinces. Also, in terms of technical efficiency and energy
scale, Khuzestanpprovince has had the most suitable situation among other provinces. Examining the gap
between renewable and non-renewable energies in terms of efficiency showed that, on average, among the
studied provinces, Fars province had the largest gap in terms of efficiency for both renewable and non-
renewable energies, and in contrast, Khuzestan province had the best situation among the provinces of the
country. Also, the trend of technical efficiency in the provinces of the water wheat production pole showed
that Khuzestan province had the most efficient state among the five studied provinces. Also, the investigation
of this trend in Golestan and Kurdistan provinces showed that during the years under study, the state of energy
consumption has changed from inefficient to efficient. The trend of technical efficiency of energy in Fars and
Kermanshah provinces has been fluctuating and in the last years of studying the efficiency of energy
consumption, it has declined, and the continuation of the current situation will lead to energy wastage and
increase the pressure on non-renewable resources. Fars province has used renewable and non-renewable energy
resources in the production of water wheat in 1391, during the years under review, this province has always
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had a significant gap in the use of these resources compared to the efficient situation, and the trend of this gap
has decreased and accelerated in recent years, which can be concluded that the production of wheat in this
province has caused a lot of waste of renewable and non-renewable energy resources. The efficiency trend of
the scale also showed that Khuzestan province had an efficient trend, but in the last year of the study, the
inefficiency of the scale in energy consumption was observed. In Golestan province, the efficiency of the
energy scale shows that with a fluctuating trend, the efficiency of the scale in energy consumption is observed
in the last years. On the other hand, Kurdistan and Kermanshah provinces have changed their status from
efficient to ineffective in recent years.

Discusssion

Considering the results as well as the importance of non-renewable energies, it is necessary to direct
government support in the provinces of the wheat production pole, and especially in Fars province, to reduce
the use of energy. Given the fact that the most efficient province in terms of energy consumption is Khuzestan,
it seems that energy management methods in this province can be considered as an effective model in other
provinces as well. Also, the calculated gaps can be considered in the development planssof the agriculture sub-
sector in the desired provinces and targeted to reduce energy consumption in the provinces with excess
consumption.
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Table (4) Comparison of Renewable and Non-Renewable Energy Gaps from Efficient Status in Irrigated Wheat
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Diagram (3) Trend efficiency scale (CRS) of energy consumption in irrigated wheat production pole provinces
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Diagram (4) Gap trend from the efficient situation for renewable energy in the provinces of the pole of wheat
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