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ABSTRACT

In this study, the rice energy efficiency in Golestan was investigated using interval fuzzy
(triangular) data envelopment analysis model at different alpha levels in the year 2016-2017. The
data required were collected using interviews and completing questionnaire from 286 rice farmers
in Golestan province who were selected using simple random sampling. The results showed that at
the level of a= 0.25 could be reduce the amount of input energy to 37.99% in upper bound and 1.83
in lower bound without any effect on the output energy (yield). Also, the results showed that at the
level a =1 (certainty conditions) two inputs, irrigation water and chemical fertilizer with 33% and
31.2% respectively, and among the types of input energies, non-renewable energies (energy of
machinery, chemical fertilizers, pesticides and fossil fuels) with 60% (24117.7 MJ / ha) had the
largest share in the production of this product. The use of new technologies in the use of water
input such as installing smart meters on various pumps, reducing the consumption of chemical
fertilizer by promoting the use of organic fertilizers and proper training in the use of inorganic
fertilizers helps a lot to reduce energy consumption in these high-consumption inputs.

Keywords: Data Envelopment Analysis, Energy Efficiency, Golestan Province, Interval Fuzzy,
Rice

Extended Abstract
Introduction

Rice (Oryza sativa) is the most significant major food for a huge part of the world’s population,
mainly in the diets of Asia, Latin America and Africa. In Iran, rice has a special place in people's
daily feed. Accordingly, mainly many agricultural activities belong to the rice crop. The total
production of rice in 2015 was about 2,746,500 tons in Iran and the cultivated land area was about
575,000 ha. The annual production of rice in Iran was more than 2.5 Mt in this year. Golestan
province with 14% share of total rice crop production is among the main rice production areas in
Iran after Mazandaran And Guilan. However, Iran is the second rice importer country (1.7 Mt per
year) after Philippine. The limited availability of rice cultivable land, the presence of Iran in the
semi-desert region, the lack of mechanization of farms, and the imbalance of domestic supply and
demand are the important factors of this high amount of imports in Iran. Therefore, efforts are
immediately required to increase production of rice crop. On the other hand, energy analysis is
essential for optimal resource management in order to improve agricultural production, thereby
identifying efficient and economical production activities. Iran is the 13th most widely consumed
energy source in the world. As energy consumption in this country is five times the global average.

E-mail: m.mardani@asnruk.ac.ir 6oblcazs Jls o ilrae : Jgtue o0 gs *


https://ijaedr.ut.ac.ir/issue_9885_10331.html
https://ijaedr.ut.ac.ir/article_78891.html
https://ijaedr.ut.ac.ir/article_78891.html

\yvaa of o)LQ...“()\—\’ o)sbu‘))|‘5))5m4.tw5;5¢w‘umdm ey

Given the energy crisis and greenhouse gas emissions caused by the excessive consumption of
fossil fuels, the efforts of countries and international communities are made to reduce energy
consumption as much as possible. Many parametric and non-parametric methods exist which can
be used to measure the efficiency of agricultural productions. Data envelopment analysis (DEA)
approach is one of them. This method is a type of linear programming model that measures the
relative efficiency of a group of decision-making units. In recent years, fuzzy set theory has been
proposed as a way to quantify imprecise and vague data. DEA has been combined with fuzzy
scoring to identify both optimistic and pessimistic sets of efficient solutions. The aim of this study
was investigated rice energy efficiency of Golestan province in year 2016-2017 using Interval
Fuzzy Data Envelopment Analysis (triangular) with different alpha levels.

Materials and Methods

Data envelopment analysis (DEA) traditionally assumes that input and output data of the
different decision-making units (DMUs) are measured with precision. However, in many real
applications inputs and outputs are often imprecise. This paper applied an Interval Fuzzy Data
Envelopment Analysis (IFDEA) model using imprecise data represented by an uncertainty set in
estimating the efficiency of palm trees. In this study, data were collected from 286 rice fields using
a face-to-face questionnaire in 2017. The energy use efficiency, energy productivity, specific
energy, net energy and water productivity were calculated by using the total energy equivalent of
inputs and outputs per unit (MJ/ha-1) and grain yield (kg/ha-1). Based on optimal values of energy
obtained from DEA, we can calculate the energy-saving target ratio (ESTR). In this study, analysis
of data was done using Microsoft Excel and the statistical analysis software GAMS.

Results

The questionnaire included questions asking about seed, chemicals and manure fertilizers,
human power, agricultural machinery (tractor, sprayer and thresher) as inputs, and paddy yield and
straw yield as outputs. To estimate the energy by the agronomic method, yield was expressed in
MJ/ha. The results showed that at the level a. =1 (certainty conditions) two Inputs, irrigation water
and fertilizer with 33% and 31.2% respectively, and among the types of input energies, non-
renewable energies (energy of machinery, chemical fertilizers, pesticides and fossil fuels) with 60%
(24117.7 MJ / ha) had the largest share in the production of this product. Also, the results showed
that at the level a =0.25 could be reduce the amount of input energy to 37.99% in the upper bound
and 1.83% in the lower boundary without any effect on the output energy (yield).

Conclusions

Evaluating the performance of many activities by a traditional DEA approach requires precise
input and output data. However, input and output data in real-world problems are often imprecise
or vague. To deal with imprecise data, this study uses an Interval Fuzzy Data Envelopment
Analysis (IFDEA) approach as a way to quantify vague data in DEA models. It is shown that the
approach can be a useful tool in DEA models without introducing additional complexity into the
problem. A case study of Golestan province Rice Farmers is presented to illustrate the reliability
and flexibility of the model. The problem was solved for a range of a levels using the GAMS
software. The result showed that in order to reduce energy consumption, the use of new irrigation
methods, replacement of organic fertilizers, reduction of the use of chemical pesticides and the use
of newer machines was recommended.
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