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ABSTRACT: In this study a non-parametric method of data envelopment analysis (DEA) was applied to 
evaluate the energy efficiencies of open-field grape producer in east-Azerbaijan of Iran. The DEA 
method was done based on eight energy inputs including human labour, machinery, diesel fuel, 
electricity, chemical fertilizers, farmyard manure, chemicals, water for irrigation, and with the single 
output of grape yield. Data were collected through face to face survey from 70 grape orchards in 6 towns 
in East-Azerbaijan province. Total energy input and output for open-field grape production were 

calculated as 82193.24MJ  and 195763.41 , respectively in this study. The results show, 
the average of technical, pure technical and scale efficiency scores were 0.768, 0.903 and 0.850, 

respectively. Total optimum energy for grape production calculated as 60375.45 , showing the 
26.53% of input energies could be saved if the farmers follow the results recommended by this study. 
Also, electrical (34.72%), chemical fertilizers (28.46%) and diesel fuel (23.88%) had highest contribution 
from total saving energy. 
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INTRODUCTION 
 

 Agriculture plays an important role in the economy of Iran. Its contribution to grass domestic production (GDP) 
is approximately 13.2 %, in employment are 21 % and its share in non oil experts is 31 %. One of the leading sub-
sectors of Iranian agriculture is horticulture. Grape is one of the oldest known fruit kinds in the world. It is known to 
be rich in antioxidant compounds, which act as dietary protective agents against some typical pathological 
occurrences such as cardiovascular diseases and certain forms of cancer (Giovanelli et al., 2007). Grape includes 
water (76.72%), protein (0.85%), oil (0.07%), carbohydrates (21.86%) and minerals (0.25%). Based on the FAO 
statistics, Iran is the 7th largest producer of grape after China, USA, Spain, France, Turkey and Australia, 
respectively and share of Iran, from world grape production quantity was 2.6% in 2007 (FAO, 2010). According to 
Agriculture Ministry statistics, the share of grape in total horticulture production is 15%, as the production of grape 
was 1,739,000 tons/year in Iran and the harvested land area was 203,000 ha in 2009 (www.maj.ir), from which 13, 
3% was the share of the East Azerbaijan province (Anonymous, 2010). 
 The relation between agriculture and energy is very close. Agriculture itself is an energy user and energy 
supplier in the form of bio-energy. It uses large quantities of renewable energy such as human labour, farmyard 
manure and water for irrigation, and non-renewable energy in form of electricity, machinery, diesel fuel, chemicals, 
and chemical fertilizers. Energy use has increased in agriculture due to population growth, desire for higher 
standards of living and limited supply of arable lands. Efficient use of energy would lead to increase the agricultural 
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production and productivity, total economy growth, profitability, competitiveness, and sustainable agricultural 
development (Singh, 2002; Mousavi-Avval, 2011; Kizilaslan, 2009; Ghorbani, 2010). There is a general lack of rural 
energy development policies that focus on agriculture. Energy analysis is a useful tool to describe farming systems, 
quantify major inputs and identify promising strategies to improve efficiency and reduce environmental impacts.  
 There are various methods to evaluate the efficiency of production units in agriculture that classified to 
parametric and non-parametric approaches. Based on the literature, the indices such as energy use efficiency 
(output energy to input energy ratio), specific energy (i.e., input energy to yield ratio), which can evaluate the 
performance and efficiency of farms (Kizilaslan, 2009; Mohammadi and Omid, 2010). 
 Data envelopment analysis (DEA) technique is a non-parametric approach for the estimation of frontier 
functions. It was introduced in 1978 by charnes, (Charnes, 1978), developing the earlier work of Farrell (1957). 
DEA is a well methodology to determine the relative efficiencies of number of entities and target values for their 
improvement. These entities, often called decision making units (DMUs), perform the same tasks. DEA allows 
decision makers to concurrently survey multiple inputs and outputs, where efficiency of each DMU is compared to 
that of an ideal operating entity rather than to the average performance. These approaches have the benefit of not 
assuming a particular functional for the frontier; however, they do not provide a general relationship (equation) 
relating the output to the input (Charnes, 1994). 
 In recent years, many researchers have been studied energy efficiency with applied DEA for different crops 
and situations in agriculture. In comparable study, DEA technique was used to assessing the technical efficiency of 
horticultural production in Spain (Iraizoz, 2003). In another study, Krasachat applied the DEA to investigate the 
technical efficiencies of rice farms in Thailand (Krasacht, 2003). Also, DEA was used to assess the technical 
efficiency of input use for irrigated dairy farms in Australia (Fraser and Cordina, 1999). Barnes (2006) identified the 
technical efficiency scores of Scottish dairy farms by applying the non-parametric method of DEA. Several studies 
in Iran, applied the DEA approach in agricultural production, such as, Mousavi- Avval et al (2011) employed the 
DEA technique to optimization of energy consumption and input costs for apple production and Nassiri, (2009) use 
this technique for study on energy use efficiency for paddy crop.  
 Based on the literature, there was no study on energy efficiency for grape production in Iran. So, the aims of 
this study were to specify energy use pattern for open field-grape production, analyze the efficiencies of farmers, 
and rank efficient and inefficient ones and to identify target energy requirement and wasteful uses of energy from 
different inputs for grape production in East-Azerbaijan province of Iran. 
 

MATERIALS AND METHODS 
 

2.1. Selection of case study region and data collection 
 In this study the data were collected through survey from 76 grape orchards in 6 towns from East-Azerbaijan 
province, Iran. The East-Azerbaijan province is located in northwest of Iran, within 36

o
 45

/
 and 39

o
 26

/
 north latitude 

and 45
o
 5

/ 
and 48

o
 22

/
 east longitude. The survey was made in 2010 by using face-to-face questionnaire. 

Information was sought on inputs used for production of grape as well as economic aspects of the farms. The 
sample size was calculated using the Cochran method. The equation is as below:  
 

 
 
 Where, n is the required sample size, N is the number of grape producers in survey region, s is the standard 
deviation in the pre-tested data, t define as the t value at 95% confidence limit (1.96), and d is the acceptable error. 
In this study, the acceptable error in the sample size was defined to be 5% for 95% confidence. Finally the sample 
size was found to be 70. For sampling, stratified random sampling method was used. 
 
2.2. Energy equivalents of inputs and output 
 Physical data on inputs and output in per hectare for grape production comprising: human labour, machinery, 
diesel fuel, electricity, fertilizers (nitrogen, phosphate, potassium), farmyard manure, chemicals, water for irrigation, 
and production yield as output, then in order to analyze the energy use efficiency of farmers, all of inputs and 
output were converted into energy equivalent using energy equivalent coefficients. Energy equivalents for different 
sources defined as the energy input that taking into account all forms of energy input to their production. 
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 The human labour energy indicated muscle power used in field operations of crop production process. Energy 
equivalent of Chemicals and chemical fertilizers inputs are the energy used for producing, packing and distributing 
the materials. Also, energy equivalent of irrigation water energy means the energy used for manufacturing the 
materials for the dams, canals, pipes, pumps and other equipments. Moreover, the energy sequestered in diesel 
fuel and electricity indicated their heating value and the energy needed to make their energy available directly to 
the farmers. Table 1 gives energy values of different sources of energy. These coefficients have been recognized 
and accepted by various scientific communities as indicated in the last column (Kitani, 1999; Nagy. 1999). 
 The energy use efficiency in agricultural system has been evaluated by the energy ratio between the output 
and inputs. For this purpose the basic information on energy inputs and grape yields were entered into Excel 
spreadsheets. Based on the energy equivalents of inputs and output (Table 1), the energy ratio (energy use 
efficiency), energy productivity, net energy and specific energy were calculated (Snedecor, 1989; Demircan et al., 
2006). 
 

 
 

 
 

 
 

 
 
 

Table 1. Energy equivalents of inputs and output in agricultural production 

  
Inputs                                              energy equivalent                                    reference 
                                                        (MJ/unit) 

A. Inputs 

1. Human labour (h)               1.96                                                 (4,29,32,19) 

2. Machinery (h)                     62.7                                                (18,24,25,37) 

3. Diesel fuel(L)                     56.31                                               (25,29,18, ,20) 

4. Chemical fertilizers (kg)  
       Nitrogen                              66.14                                               (5, ,19)                  
       Phosphorus                         12.44                                                (5, ,19) 
       Potassium                           11.15                                                (5, ,19) 
       Sulphur                               1.12                                                  (5, ,19) 

5. Chemicals (kg) 
       Pesticides                           199                                                    (39) 
       Fungicides                          92                                                     (39) 
       Herbicides                          238                                                    (39) 

6. Farmyard manure (kg)        0.3                                                    (5,38) 

7.  Water for irrigation (m
3
)    1.02                                                 (32,41, ,19) 

8. Electricity (kwh)                 11.93                                               (30, ,18,42) 
B. Output   

1.     Grape (kg)                         11.8                                                  (40)    
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2.3. Data envelopment analysis technique 
 The DEA is a well methodology to determine the relative efficiency of number of entities that perform the same 
tasks (Cooper, 2006). In this study, these entities are grape production orchards. So, the amount of energy values 
used from different energy inputs (MJ ha

-1
), were defined as input parameters, and the yield of grape production 

(kg ha
-1

) was defined as output parameter. 
 In DEA, an inefficient unit can be made efficient either by reducing the input levels while the output is constant 
(input oriented); or in other case, by increasing the output levels while the input is constant (output oriented) (Zhou 
et al., 2008). Because of grape production consume multiple finite and scarce resources, produce single output, 
therefore the use of input oriented DEA approach is more appropriate to reduce inputs consumption in the 
production process (Charnes, 1978); so the grape production yield is hold constant and the quantity of source 
energy inputs was reduced. 
 Charnes, (1978) developed an optimization model known as the CCR which assumes constant returns to scale 
(CRS). Later, Banker, (1984) extended the BCC DEA model that it would permit the existence of variant returns to 
scale (VRS). In first model we can measure the technical efficiency of each DMU relative to the other DMUs in the 
sample. In other hand the BCC model separate the technical efficiency into pure technical efficiency for 
management factors and scale efficiency for scale factors. For evaluation of structural change and reformation 
impacts, information about of scale efficiency is important. 
 In this study, in order to analyze the efficiencies of farmers the technical, pure technical and scale efficiency 
indices were investigated as follows (Chauhan, 2006; Nassiri and Singh, 2009).  
 
2.3.1. Technical efficiency 
 Technical efficiency is the efficiency in transforming inputs to outputs. Technical efficiency (TE) is defined as 
the DMU’s ability to achieve maximum output from given inputs. In other words, it can be stated as the ratio of sum 
of weighted outputs to sum of weighted inputs and can be shown as following formula (Cooper et al., 2004): 
 

 
 

 Where,  represent the technical efficiency of jth DMUs; x and y are input and output and v and u are input 
and output weights, respectively, s is number of inputs (s = 1,2,. . .,m), r is number of outputs (r = 1,2,..,n) and ‘j’ 
represents jth DMUs (j = 1,2,. . .,k). Eq. (6) can be converted into a linear programming (LP) problem as follows 
(Charnes et al.,1978): 
 

 

 
 

 

 

 
 
 

 Where  is the technical efficiency and i represents ith DMU. This model introduced by Charnes et al. (1978) 
that known as CCR model which assumes constant returns to scale (CRS).  
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2.3.2. Pure technical efficiency 
 For decomposed the technical efficiency into pure technical and scale efficiency, Banker et al (1984), 
introduced a model in DEA, which was called BCC model which assumes variant returns to scale (VRS). The 
calculation of efficiency in BBC model is called Pure Technical Efficiency and can be expressed by Dual Linear 
Program (DLP) as: 
 

 
 

 

 
 

 
 
2.3.3. Scale efficiency  
 Scale efficiency gives quantitative information about of scale features. Scale efficiency is the potential 
productivity gain from achieving optimal size of a DMU. It can be calculated by the relation between technical and 
pure technical efficiencies as below (Nassiri and Singh, 2009): 
 

 
 
2.3.4. Cross efficiency 
 DEA approach ranked unites based on their efficiency values, and separate unites into two sets of efficient and 
inefficient unites. In DEA analysis, it is possible that some of efficient DMUs have better performance than the other 
efficient ones. Sexton et al (1986) developed methods that known as cross efficiency method.  It is commonly used 
for ranking the efficient DMUs. In this method, the results of all the DEA efficiency scores can be aggregated in a 
matrix, called cross efficiency matrix, where in this matrix, Eij, the element in the ith row and jth column, represents 
the efficiency score for the jth farmer calculated using the optimal weights of the ith farmer which is computed by 
the CCR model. In general, the efficient farmers were ranked according to their average cross efficiency score 
which can be achieved by averaging each column of cross efficiency matrix. A DMU with high average cross 
efficiency value is more efficient (Mousavi-Avval et al., 2011).  
 
2.3.5. Energy saving target ratio 
 In the last part of this study, the energy saving target ratio (ESTR) index was used as follows (34): 
 

 
   
 Where numerator of fractional indicated the total energy use that could be saved without decreasing output 
level and j represent the jth DMU. ESTR percentage would change between zero and 100. A zero ESTR 
percentage show the DMU is efficient ones and on the frontier; in other hand for ESTR percentage larger than 
zero, DMU is inefficient and mean that energy could be saved.  A higher ESTR percentage indicates higher energy 
inefficiency and a higher energy saving amount (Mousavi-Avval et al., 2011).  
 

RESULTS AND DISCUSSION 
 

3.1 Energy use pattern 
 Table 2 shows the quantity of inputs used and output in grape production in the studied area, their energy 
equivalents and standard deviation. The result revealed that the quantity of human labour and machinery power 

required in the grape production were 2097.37 and 14.1 h . Additionally, according to the result, the quantities 
or other inputs used per unit area of grape production were: 315 L diesel fuel, 14.09 kg chemicals, 212.1 kg 
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nitrogen, 176.13 kg phosphorus, 171.43 kg potassium, 3.12 kg sulphur, 3438.45 kg farmyard manure, 12395.87 

 water for irrigation, 2129.87 kWh electricity. Average grape yield was about 16590.12 kg  in studied 
region. 
 The energy equivalent of inputs and output in grape production were calculated and also presented in Table 2. It is 

indicated that, the total energy input for open-grape production was about 82193.24MJ , that diesel fuel, 
chemical fertilizer and electricity constituted the major share with 21.57%, 22.04%, and 30.91% in surveyed area. 
Low price of diesel oil and subsidized of chemical fertilizer and electricity in Iran caused intensive use of these 

energy inputs. Also, as the results show, the output energy was found 195763.41  in studied DMUs. The 
standard deviation values for inputs and output that used in DEA analyze, are presented in the last column of Table 
2. These results consistent with the literature. the  results of other related  studied  showed that total energy input 

were 45513.0 and 23640.9 MJ  for greenhouse and open-field grape production (Ozkan et al., 2007), and 

60949.69, 62977.87 and 48838 MJ  for orange, lemon, and mandarin production, respectively (Ozkan, 2004) 

42819.25 MJ  for apple production (Rafiee, 2010). 
 

Table 2. Energy use pattern for grape production 
 

Input (unit)                                         Quantity per unit                Total energy                                    SD 
                                                           area (ha)                             equivalent (MJ ha

-1
) 

1. Human labour (h)                  2097.37                               4110.8                                           1345.02    
2. Machinery (h)                        14.1                                     878.3                                             1025.11 
3. Diesel fuel (L)                       315                                     17731.65                                         23972.6 
4. Chemicals (kg)                      14.09                                  2245.51                                           1617.84 

a. Herbicides                       3.16                                   752.08                                             
b. Fungicides                       6.21                                   571.32                                       
c. Pesticides                        4.72                                   929.9                                               

5. Chemicals fertilizer (kg)        559.66                               18134.53                                         22764.84 
a. Nitrogen                          212.10                               14028.3                                           
b. Phosphorus                     176.13                               2191.05                                           
c. Potassium                        171.43                               1911.44                                           
d. Sulphur                            3.12                                   3.744                                               

6. Farmyard manure (kg)           3438.45                             1031.53                                           2207.33 
7. Water for irrigation (m

3
)        12395.87                           12643.78                                         11576.79 

8. Electricity (kwh)                    2129.87                              25409.35                                        35873.70 
The total energy 
       Input (MJ)                                                                               82193.24                                         
Output  

1. Grape (kg)                             16590.12                             195763.41                                    7547.74 
The total energy output (MJ)                                                          195763.41 
Energy output-input ratio                                                                                                                                    

 
 As the result of Table 3, the energy use efficiency was determined as 2.38, indicated that energy use in grape 
production in studied region is efficient, i.e. energy utilization lower than energy production. Some studies reported 
energy use efficiency for different crop such as 2.99 and 5.10 for greenhouse and open-field grape production, 
respectively, in turkey (Ozkan et al., 2007), 1.16 (Ozkan et al., 2004) and 1.54 (Mohammadi et al., 2010) for apple 
and kiwifruit production, respectively, in Iran, 1.25 for orange, 1.17 for mandarin and 1.06 lemon in turkey (35). The 

energy productivity, specific energy and net energy were found to be 0.201 kg , 4.95 MJ , and 113562.26 

MJ , respectively. Ozkan et al. (Ozkan et al., 2004) reported the energy productivity, specific energy and net 

energy as 0.432 kg , 0.196MJ  and 96955.1 MJ  , respectively, for open-field grape production in 
turkey. 
 Also, table 3 shows the distribution of total mean energy input as direct, indirect (DE vs. IDE), renewable and 
non-renewable (RE vs. NRE). As can be seen the share of direct, indirect, RE and NRE energy forms in total 
energy input consist of 72.87%, 27.13%, 21.63% and 78.37% respectively. Because of high fuel and electricity 
consumption the amount of NRE and DE were quite high. Several studies have shown that distribution of direct 
energy is high than that of indirect energy, and the rate of non-renewable energy was greater than that of 
renewable consumption in cropping systems (Ozkan, 2007; Mohammadi and Omid, 2010; Mandal, 2002). Due to 
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the fact that the ratio of NRE in total energy input is high, negative impacts on the environment and sustainable 
agricultural are not avoidable. So, replace the RE to NRE, to reduce the destruction of energy resource is 
important. 
 

Table 3. Energy input-output ratio in grape production 

 
Items                                        Unit                                              Quantity                                

Energy use efficiency                -                                                  2.38 
Energy productivity                   kg MJ

-1
                                       0.201 

Specific energy                          MJ kg
-1
                                       4.95 

Net energy                                  MJ ha
-1
                                      113562.26 

Direct energy
1
                             MJ ha

-1                                                          
59901.71 (72.88%)  

Indirect energy
2
                          MJ ha

-1                                                           
22299.49 (27.12%) 

Renewable energy
3
                    MJ ha

-1                                                            
17786.17 (21.64%) 

Non-renewable energy
4
              MJ ha

-1                                                           
64415.03 (78.36%) 

Total energy input                       MJ ha
-1                                                          

82201.21 (100%) 

 
3.2. Efficiency estimation of farmers 
 The results of the input orientated constant return to scale and variant return to scale DEA models are 
presented in Fig.1.  It is revealed that from the total of 70 farmers, evaluated for the analysis, 14 (18.4%) and 28 
(36.8%) had the technical and pure technical efficiency scores of one and they are technical and pure technical 
efficient farmers, respectively. From the pure technically efficient farmers 14 farmers are globally efficient and 
operating at the most productive scale sizes of production but the reminder of 14 efficient farmers are locally 
efficient entities, it cause to be in an inferior of scale size. Also, as can see, from inefficient farmers, 7 and 14 
farmers have technical and pure technical scores between 0.9 and 1 range, revealed that this farmers could  
increasing the output whit consume the current level of energy input, or in other hand, inefficient farmers could 
produce the current level of output whit decrease the energy input level. 
 

Table 4. Average efficiencies of farmers in grape production 

 
Particular Average SD Min Max 

Technical efficiency 
Pure technical efficiency 
Scale efficiency 
 

0.768 
0.903 
0.850 

0.189 
0.117 
0.148 

0.320 
0.516 
0.459 

1 
1 
1 

 
 The summarized results of BCC and CCR DEA models are presented in Table 4, as the results shows, the 
average of technical, pure technical and scale efficiency scores were 0.768, 0.903 and 0.850, respectively. Also the 
technical efficiency change between 0.320 and 1. The standard deviation (0.189) of technical efficiency highest 
than other efficiency, it was due to these reasons that all farmers were not fully aware of the right production 
techniques or did not apply them at the proper time in the optimum quantity (Mousavi-Avval, 2011). 
 

                                                           
1
 Includes electricity, human labour, diesel fuel, water for irrigation. 

2
 Includes chemical fertilizer, farmyard manure, chemicals, machinery. 

3
 Includes human labour, farmyard manure, water for irrigation. 

4
 Includes diesel fuel, electricity, chemicals, chemical fertilizer, and machinery. 
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Figure 1. Frequency distribution of technical and pure technical efficiencies of grape 
Producers 

 
 Mousavi-Avval also (2011) used the DEA technique to optimization of energy consumption for apple production 
in Iran.  Their findings determined the technical, pure technical and scale efficiencies of farmers as 0.7857, 0.8982 
and 0.8666 respectively. In another study the technical, pure technical and scale efficiencies for tomato production 
in Spain were found to be as 0.75, 0.80 and 0.94 and for asparagus production as 0.81, 0.89 and 0.91, respectively 
(Iraizoz, 2007).    
 
3.3. Ranking the efficient farmers 

 In this study for ranking the 10 extreme efficient farmers, the cross efficiency scores in each cell of cross 
efficiency matrix were calculated based on the CCR model. The results and standard deviation of superior efficient 
farmers are presented in Table 5, as the results revealed, the farmer with Nos., 1, 13, 15, 26 and 28 had highest 
crosses efficiency values, respectively; and can  be used as criterion for inefficient farmers.      
 

Table 5. Average cross efficiency score for 10 superior efficient farmers 

 
Farmer no. Cross efficiency SD Farmer no. Cross efficiency SD 

1 
39 
15 
57 
28 

0.689 
0.654 
0.637 
0.628 
0.612 

0.243 
0.196 
0.270 
0.246 
0.287 

37 
13 
50 
26 
63 

0.604 
0.571 
0.568 
0.534 
0.473 

0.238 
0.254 
0.244 
0.275 
0.283 

 
3.4. Comparing input use pattern of efficient and inefficient farmers 
 In this part of study, amount of physical inputs and output for 10 most efficient farmers and inefficient ones 
(based on the CCR model) are compared in Table 5. As the results shows, efficient farmers used all inputs less 
than inefficient farmers. On the other hand, the production yield for efficient farmers found higher than inefficient 
farmers. All of the quantity results presented in Table 5.     
 
3.5. Energy saving from different energy inputs 
 The optimum energy requirement, saving energy and percentage of ESTR for grape production, based on the 
BBC models are showed in the Table 7. As the results revealed, optimum energy for electricity energy (16587.5

) was the highest, followed by diesel fuel (13497.98 ), fertilizers (12971.85  ) and 

water for irrigation (9845.56  ) energies. Total optimum energy for grape production calculated as 

60375.45 . The last column of Table 7 showed that 34.72% electricity, 28.46% fertilizers, 23.88% diesel 
fuel, 22.13% water for irrigation, 21.86% farmyard manure, 8.93% human labour, 7.6% chemicals and 3.38% 
machinery energies could be saved. Also followed by the findings of this study, the percentage of  
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Table 7. Energy requirement in optimal condition and saving energy for grape production 
 

input Optimal energy requirement (MJ ha
-1
) Saving energy (MJ ha

-1
) ESTR (%) 

Human labour 
Machinery 
Diesel fuel 
Chemicals 
Fertilizer 
Farmyard manure 
Water for irrigation 
Electricity 
total 

3743.35 
848.58 
13497.98 
2074.65 
12971.85 
806.02 
9845.56 
16587.5 
60375.45 

367.45 
29.72 
4233.67 
170.86 
5162.68 
225.51 
2798.22 
8821.85 
21809.96 

8.93 
3.38 
23.88 
7.60 
28.46 
21.86 
22.13 
34.72 
26.53 

 
Table 6. Amounts of physical inputs and output for 10 truly efficient farmers and inefficient farmers 

 
Inputs (Unit) 10 truly most  

efficient farmers 
(Unit ha

-1
) (A) 

Inefficient 
farmers 
(Unit ha

-1
) (B) 

Difference (%) 
B -A/B*100 

A. inputs 
   1. Human labour (h) 
   2. Machinery (h) 
   3. Diesel fuel (L)  
   4. Chemicals (kg) 
     a. Herbicides 
     b. Fungicides 
     c. Pesticides 
   5. Chemical fertilizer (kg) 
     a. Nitrogen 
     b. Phosphorus  
     c. Potassium  
    d. Sulphur 
   6. Farmyard manure (kg) 
   7. water for irrigation (m

3
) 

   8. Electricity (kwh) 
 
Output 

1. Grape (kg) 

 
1092.22 
12.77 
181.66 
 
2.83 
5.12 
3.78 
 
142.37 
126.23 
137.18 
2.45 
6414.41 
8900.98 
1190.58 
 
 
17870.38 

 
1223.48 
15.64 
239.28 
 
4.27 
7.23 
5.65 
 
196.26 
186.79 
157.96 
5.12 
7140.08 
10163.71 
1643.28 
 
 
13039.15 

 
10.72 
18.35 
24.08 
 
33.72 
29.18 
33.09 
 
27.45 
32.42 
13.15 
52.14 
10.1 
12.42 
27.54 
 
 
-37.05 
 

 
 total ESTR was calculated as 26.53%, means that total energy input for grape production could be saved by 

21809.96 . Low price of diesel oil and subsidized of chemical fertilizer and electricity in Iran caused 
farmers don’t proper use these non-renewable energy. 
 The share of each energy inputs in total energy saving presented in Fig.2. As can see, the highest share in 
total energy saving was 40.44% for electricity followed by fertilizers (23.64%), diesel fuel (19.41%), water for 
irrigation (12.83%). The contribution of other inputs to total energy saving is low. Total saved energy: 21809.96 MJ 
ha

-1
 

 

 
 

Figure 2. Distribution of inputs in energy saving for grape production 
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