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ABSTRACT 
The inpute-output balance methodology has been applied to characterize the energy balance of 

agricultural systems. This study analyzed energy use and investigated influences of energy inputs 

and energy forms on output levels in hazelnut production of Guilan province of Iran. The data 
were collected using a face-to-face questionnaire method from 36 farmers in during 2013 year. 

The average yield of hazelnut was found to be 1000 kg/ha and its energy equivalent was 

calculated to be 25000 MJ/ha. By using of consumed data as inputs and total production as 
output, and their concern equivalent energy, energy balance and energy indices were calculated. 

The average yield of hazelnut was found to be 1000 kg/ha and its energy balance equivalent was 

calculated to be 2477000 kcal/ha. Energy efficiency for hazelnut production in this study was 
calculated 8.04, showing the affective use of energy in the agro ecosystems hazelnut production. 

Energy balance efficiency for hazelnut production in this study was calculated 1.89, showing the 

affective use of energy in the agro ecosystems hazelnut production. 
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INTRODUCTION 

 

 One million and 2000 tones of hazelnut is produced annually in the world approximately that more than 50 

thousand tones of that belongs to Iran, so with this amount of production, Iran is standing in the sixth place in 

the world. Predictions show that Iranian farmers will be able to cultivate 67000 hectares up until 2014, and raise 

their production rate to 38000 tones which is truly effective at export rate. Hazelnut is among orchard-fried fruit 

crops. Its wood is used in the handicraft industry and hazelnut is used also in chocolate making pharmacology. 

Its nutritional value is 10 to 22% protein, 55 to 72% lipids, 3 to 9% glucose. It has many such as potassium, 

phosphorous, calcium, magnesium, ferrous and sodium. Due to having much phosphorus, it will reinforce the 

brain and strengthens the intestines and stomach (Jazayeri, 2007). Nuts are also a great combination of amino 

acids such as arginine, so that the hazelnut, valine, glutamic acid and aspartic acid there. Food consumption of 

nuts including hazelnuts Shvrajyly standpoint, ketchup, potato Dumplings with Hazelnuts, bagels with hazelnut, 

Hazelnut Cookies, chocolate with hazelnut glossy, quotes Hazelnut, Chocolate with Hazelnuts, Hazelnut 

Chocolate is (Bergonio et al., 1998). 

 Energy is indeed the live wire of industrial, food and agricultural production, the fuel for transportation as 

well as for the generation of electricity in conventional thermal power plants (Jekayinfa and Bamgboye, 2006). 

Agriculture that is both a producer and consumer of energy uses large quantities of non-commercial energies, 

such as seed, manure and animate energy, and commercial energies directly and indirectly in the form of diesel, 

electricity, fertilizer, plant protection, chemicals, irrigation water and machinery (Kizilaslan, 2009). Energy is 

one of the most important material bases for the economic growth and social development of a country or 

region. Scientific forecasts and analysis of energy consumption will be of great importance for the planning of 

energy strategies and policies (Lianga et al., 2007). Reducing energy inputs in agriculture has more 

implications. Renewable energy sources coming from agricultural crops could play an important role to supply 

the energy requirement and in terms of environmental effects (Rathke and Diepenbrock, 2006). The 

enhancement of energy efficiency (EE) not only helps in improving competitiveness through cost reduction but 

also results in minimized energy-related environmental pollution, thus positively contributing towards 

sustainable development (Nagesha, 2008). Energy use in agriculture has become more intensive in response to 

increasing population, limited supply of arable land, and a desire for higher standards of living. Efficient use of 
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energy in agriculture is one of the principal requirements for sustainable agricultural production. The 

development of energy efficient agricultural systems with low input energy compared to the output of food can 

reduces the greenhouse gas emissions from 

 Agricultural production systems (Dalgaard et al., 2001). In developing countries like Iran, agricultural 

growth is essential for fostering the economic development and meeting the ever-higher demands of the growing 

population. Energy in agriculture is important in terms of crop production and agro processing for value adding 

(Karimi et al., 2008). 

 The main objective of this study is analysis of energy use and estimate energy indicator of hazelnut 

production systems in guilan province in Iran that can be affective for optimal management of agroecosystems. 

 

MATERIALS AND METHODS 

 

Materials: 

 Guilan Province is one of the northern provinces of Iran with an area of 14711 square meters. This province 

is located at 36’ and 34” to 38’ and 27” northern latitude and 48’ and 53” to 50’ and 34” eastern longitude from 

the Greenwich meridian. In order to determine the energy indices, energy balance indices, economical indices in 

this research, Data on hazelnut production was collected from the farmers by using a face to face questionnaire 

performed in during 2013 production year. The number of operations involved in the hazelnut production, and 

their energy requirements influence the final energy balance. A random sampling method was used, and the 

sample size was calculated using Equation (Unakitan et al., 2010). 
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 In the formula, n is the required sample size, s is the standard deviation, t is the t value at 95% confidence 

limit (1.96), N is the number of holding in target population and d is the acceptable error. 

 

Method to calculate the energy: 

 The amount of inputs used in hazelnut production (Human labor, machinery, diesel fuel, chemical 

fertilizers, chemical poison and Farmyard manure) were calculated per hectare and then, these data were 

converted to forms of energy to evaluate the output-input analysis. The sources of mechanical energy used on 

the selected farms included tractors and diesel fuel. The mechanical energy was computed on the basis of total 

fuel consumption (L/ha) in different farm operations. Therefore, the energy consumed was calculated, using 

conversion factors and expressed in MJ/ha. In order to calculate output and input energy, these input data and 

amount of output yield were multiplied with the coefficient of energy equivalent. Energy equivalents of inputs 

and output were converted into energy on area unit. The previous researches (Table 1) were used to determine 

the energy equivalents’ coefficients (Azarpour and Moraditochaee, 2013; Hatirli et al., 2005; Kitani, 1999; 

Ozkan et al., 2004). 

 In this research, energy indices (energy use efficiency, energy specific, energy productivity and net energy 

gain) were calculated according to bottom equations (Azarpour and Moraditochaee, 2013; Hatirli et al., 2005; 

Kitani, 1999; Ozkan te al., 2004). 

(Mj/ha)energy Input 

(Mj/ha)energy Output 
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(Kg/ha) y ieldGrain 
typroductiviEnergy   
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 For the growth and development, energy demand in agriculture can be classified into direct energy (DE), 

indirect energy (IDE), renewable energy (RE) and non-renewable energy (NRE) (Ozkan et al., 2004). The IDE 

includes energy embodied in seeds, fertilizers, farmyard manure, chemicals, machinery while the DE covers 

human labor, electricity, water and diesel fuel used in the hazelnut production. The NRE includes diesel, 

electricity, chemicals, fertilizers and machinery, and the RE consists of human labor, seeds, water and farmyard 

manure. 

 In order to calculate energy balance indices, these input data and amount of output yield were multiplied 

with the coefficient of energy balance equivalent. Energy balance equivalents of inputs and output were 

converted into energy on area unit. The previous researches (Table 2) were used to determine the energy balance 

equivalents’ coefficients (Azarpour and Moraditochaee, 2013; Azarpour, 2014; Azarpour and Farajpour, 2013). 

Energy balance input include human labor, machinery, diesel fuel, chemical fertilizers, poison fertilizers, 

machinery depreciation for per diesel fuel, electricity power and seeds and output include yield of hazelnut. 
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RESULTS AND DISCUSSION 

 

Analysis of input–output energy use in hazelnut production: 

 Table 1 showed inputs used in hazelnut production and their energy equivalents and output energy 

equivalent were illustrated. Results show that, about 439 Kg/ha farmyard manure, 199.5 h human labor, 10.5 L 

diesel fuel, 5 h machinery, 30 kg/ha Potassium fertilizer, 22.1 kg/ha phosphorus fertilizer, 17 kg/ha nitrogen 

fertilizer and 1 L chemical poison were used in agro ecosystems hazelnut production on a hectare basis. The 

total energy equivalent of inputs was calculated as 3108 MJ/ha. Figure 1 showed the energy use pattern in the 

surveyed farms. The highest shares of this amount were reported for chemical fertilizer (50.21%), diesel fuel 

(19.02%), human labor (12.58%) and machinery (10.09%). The energy inputs of farmyard manure (4.24%) and 

chemical poison (3.86%) were found to be quite low compared to the other inputs used in hazelnut production. 

The average yield of hazelnut was found to be 1000 kg/ha and its energy equivalent was calculated to be 25000 

MJ/ha (Table 1).  

 

Evaluation of energy indices in hazelnut production: 

 Energy indices (energy use efficiency, energy production, energy specific, energy productivity and net 

energy gain) of hazelnut production were showed in table 3. The total energy equivalent of inputs was 

calculated as 3108 MJ/ha. The average yield of hazelnut was found to be 1000 kg/ha and its energy equivalent 

was calculated to be 25000 MJ/ha. Energy use efficiency (energy output-input ratio) in this study was calculated 

8.04; showing the affective use of energy in the agro ecosystems hazelnut production. Energy specific was 3.11 

MJ/kg this means that 3.11 MJ needed to obtain 1 kg of hazelnut. Energy productivity calculated as 0.322 

Kg/MJ in the study area, this means that 0.322 kg of output obtained per unit energy. Net energy gain was 

21892 MJ/ha.  

 Direct-indirect energy forms used in hazelnut production were also investigated. Percentages of these 

energy forms were illustrated in figure 2. The results show that the share of direct input energy was 31.60% (982 

MJ/ha) in the total energy input compared to 68.40% (2126 MJ/ha) for the indirect energy.  

 Renewable- non-renewable energy forms used in hazelnut production were also investigated. Percentages 

of these energy forms were illustrated in figure 3. The results show that the share of renewable input energy was 

16.82% (523 MJ/ha) in the total energy input compared to 83.18% (2886 MJ/ha) for the non-renewable energy.  

 

Analysis of energy balance in hazelnut production: 

 Table 2 showed inputs used in hazelnut production and their balance energy equivalents and output balance 

energy equivalent were illustrated. Results show that, about 439 Kg/ha farmyard manure, 199.5 h human labor, 

10.5 L diesel fuel, 5 h machinery, 30 kg/ha Potassium fertilizer, 22.1 kg/ha phosphorus fertilizer, 17 kg/ha 

nitrogen fertilizer and 1 L chemical poison and 8.82 L depreciation for per diesel fuel were used in agro 

ecosystems hazelnut production on a hectare basis. The total energy balance equivalent of inputs was calculated 

as 1309431 MJ/ha. Figure 4 showed the energy balance use pattern in the surveyed farms. The highest shares of 

this amount were reported for machinery (34.37%), chemical fertilizer (31.91%) and farmyard manure (1017%). 

The energy inputs of human labor (7.62%), diesel fuel (7.41%), depreciation for per diesel fuel (6.45%) and 

chemical poison (2.07%) were found to be quite low compared to the other inputs used in hazelnut production. 

 Direct-indirect energy balance forms used in hazelnut production were also investigated. Percentages of 

these energy balance forms were illustrated in figure 5. The results show that the share of direct input energy 

balance was 15.02% (196739 MJ/ha) in the total energy balance input compared to 84.98% (1112693 MJ/ha) for 

the indirect energy balance.  

 Renewable- non-renewable energy forms used in hazelnut production were also investigated. Percentages 

of these energy balance forms were illustrated in Figure 6. The results show that the share of renewable input 

energy balance was 17.87% (232859 MJ/ha) in the total energy balance input compared to 82.22% (1076572 

MJ/ha) for the non-renewable energy.  

 

Evaluation of energy indices in hazelnut production: 

 Energy indices balance in this research was showed in table 4. Consumption energy, production energy, 

energy per unit, production energy to consumption energy ratio and consumption energy to production energy 

ratio in hazelnut production were 1309431 kcal/ha, 2477000 kcal/ha, 2477 kcal, 1.89, 20.90 respectively. 

Energy balance efficiency (production energy to consumption energy ratio) in this research was calculated 1.89; 

showing the affective use of energy in the agro ecosystems hazelnut production. The highest percent of 

compositions (24.1%), energy per gram (9 kcal), amounts (241 kg/ha), production energy (21690000 kcal/ha) 

and production energy to consumption energy ratio (1.86) in hazelnut were obtained from fat as compared with 

protein and starch. The lowest consumption energy to production energy ratio (0.60) in hazelnut was obtained 

from fat as compared with protein and starch (Table 4). 
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Table 1: Amounts of inputs and output and their equivalent energy from calculated indicators of energy. 

Parameter Unit Quantity per 

hectare 

Energy equivalents Total energy 

equivalents 

Percent 

Inputs 

Human labor h/ha 199.5 1.96 391.02 12.58 

Machinery h/ha 5.0 62.7 313.50 10.09 

Diesel fuel L/ha 10.5 56.31 591.26 19.02 

Nitrogen Kg/ha 17.0 64.4 1096.09 35.26 

Phosphorus Kg/ha 22.1 11.96 263.72 8.48 

Potassium Kg/ha 30.0 6.7 201.00 6.47 

Poison L/ha 1 120 120.00 3.86 

Farmyard Kg/ha 439 0.3 131.70 4.24 

Output 

Yield Kg/ha 1000 25 25000 100 

 
Table 2: Amounts of inputs and their equivalent energy from calculated indicators of energy balance. 

Parameter Unit Quantity per 

hectare 

Energy equivalents Total energy 

equivalents 

Percent 

Inputs 

Human labor h/ha 199.5 500 99750.00 7.62 

Machinery h/ha 5 90000 450000.00 34.37 

Diesel fuel L/ha 10.5 9237 96988.50 7.41 

Nitrogen kg/ha 17 17600 299552.00 31.91 

Phosphorus kg/ha 22.1 3190 70339.50 2.07 

Potassium kg/ha 30 1600 48000.00 10.17 

Poison L/ha 1 27170 27170.00 7.62 

Farmyard kg/ha 439 303.21 133109.19 34.37 

Depreciation for per 

diesel fuel 

L 8.82 9583 99750.00 6.45 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1: The share (%) production inputs in hazelnut (energy). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Percentage of total energy input in the form of direct and indirect for hazelnut production. 
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Fig. 3: Percentage of total energy input in the form of renewable- non-renewable for hazelnut production. 

 
Table 3: Analysis of energy indices in hazelnut production. 

Item Unit hazelnut 

Yield Kg/ha 1000 

Input energy Mj/ha 3108 

Output energy Mj/ha 25000 

Energy use efficiency - 8.04 

Energy specific Mj/Kg 3.11 

Energy productivity Kg/Mj 0.322 

Net energy gain Mj/ha 21892 

 

 
 

 

Fig. 4: The share (%) production inputs in hazelnut (energy balance). 

 

 
Fig. 5: Percentage of total energy balance input in the form of direct and indirect for hazelnut production. 
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Fig. 6: Percentage of total energy balance input in the form of renewable- non-renewable for hazelnut 

production. 

 
Table 4: Analysis of energy balance indices in hazelnut production. 

Item Percent of 
compositions 

Energy per gram 
(kcal) 

Amounts 
(kg/ha) 

production 
energy 

(kcal/ha) 

Production 
energy/ 

Consumption 

energy 

Consumption 
energy/ 

Production energy 

Protein 5.4 4 54 216000 0.16 6.06 

Fat 24.1 9 241 2169000 1.66 0.60 

Starch 2.3 4 23 92000 0.07 14.23 

Item Yield 

(kg/ha) 

Consumption 

energy 
(kcal/ha) 

Production 

energy 
(kcal/ha) 

Energy per 

unit 
(kcal) 

production 

energy/ 
Consumption 

energy 

Consumption 

energy/ 
Production energy 

 1000 1309431 2477000 2477 1.89 20.90 

 

Conclusions: 

 This study proposes to extend this methodology with the inclusion of multivariate analysis to reveal 

particular patterns in the energy use of a system. The aim of this study were to perform energy indices and 

energy balance indices for hazelnut production in north of Iran. Energy efficiency for hazelnut production in this 

study was calculated 8.04, showing the affective use of energy in the agro ecosystems hazelnut production. 

Energy balance efficiency for hazelnut production in this study was calculated 1.89, showing the affective use of 

energy in the agro ecosystems hazelnut production.  
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