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Abstract 
Energy use pattern analysis has been the subject of many researches in agricultural 

production systems; however livestock farming has not been thoroughly considered. 

Determining the impact of fuel and electricity on egg production is the purpose of the present 

study. To achieve this, firstly, data were collected by interviewing randomly selected poultry 

farmers and then the culled data were transformed into energy equivalents. Cobb-Douglas 

production function was chosen as the best suitable production function among the examined 

ones. The sensitivity analysis was carried out by estimating the MPP factor. Accordingly, fuel 

had negative effect on egg yield but electricity increase did not have any negative influence 

on poultry farms output. To manage better fuel use, employing state of the art technologies 

and strategies to optimize the energy consumption is strongly recommended. 
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1. Introduction 
The development of alternative energy resources has for some time been a central aim of 

energy policy around the world. Farm operations are continually increasing their use of 

electrical energy as farm size increases and agricultural production systems mechanized and 

supplanted by wood, coal and other fossil fuels, in recent years. Applying obsolete poultry 

equipment with the high amount of liquid fossil fuels is of greater concern to the studied area.  

Frequent exploitation of non-renewable energy sources like fossil-based fuels and electricity 

in production systems are acting against sustainability. While energy resources are limited 

and depleting, the outlook of energy consumption needs optimizing decisions. The high 

growth in population of the communities, the consequent demand for increased yield and the 

necessity to provide sufficient food for the population growth has caused a rise in the share of 

agriculture in these resources usage. Therefore, fossil-based fuel energy resources should be 

conserved and managed, and careful investigations of non-renewable energy consumption 

analyses are needed. As a matter of fact, by increasing use of fossil-based fuel and electricity 

energy sources, the correspondent global problems will probably increase (Ermis et al., 

2007). With regard to global impacts, green house gases (GHG) emissions which contribute 

to global warming and increased level of air pollution adversely affect public and ecosystem 

health (Nguyen and Gheewala, 2008). 

The apparent uses of unsustainable energy resources such as fossil fuels and electricity in 

modern poultry farming are mostly for implementing equipment, heating, cooling and 

lighting and many other applications. In Iran, considering to the high energy costs in 

comparison with low yield level and farmers’ income, the amount of energy expenditure and 

its relation to egg production is befit of attention.  

Considering various studies on energy use efficiency in livestock production systems 

(Ramirez et al., 2006; Vinten-Johansen et al., 1990; Refsgaard et al., 1998; Meul et al., 2007); 

several studies have focused on fossil fuels energy consumption in different production 

systems (Bujak, 2009; Sardianou, 2008; Liu et al., 2010; Iriarte et al., 2010). Technical and 

allocative efficiency investigation in poultry for egg production farms was studied by 

Ashagidigbi et al. (2011) in Nigeria. Similar study in the same zone as former study was done 

by Ojo (2003) and Yusuf and Malomo (2007).  In another study carried out by Mohaddes 

(2011), production efficiency of egg production in Iran was analyzed. A transcendental 

frontier model was utilized in this study. Moreover, Heidari et al. (2011) determined the 

energy consumption per 1000 bird for the broiler production in Yazd province of Iran. 

Unfortunately, poultry farming and specifically the impacts of some energy inputs use per 

1000 birds on egg yield has not been on center of attentions. Hence, this study aimed to 

investigate empirically the impact of fossil-based fuels and electricity energy uses on egg 

yield, in a sample of Iranian poultry for egg farms. 

 

2. Materials and methods 

The study was carried out based on a survey done in Karaj city of Tehran province in Iran. 

This area plays an important role in the national production of egg representing 

approximately 26.5% of total output in 2009 production year. The whole country egg 

production was reported as 727200 tons in this year and this amount was 193122 tons for 

Tehran province (Anonymous, 2010). Energy coefficient equivalents derived from previous 

studies were applied to estimate the energy use pattern. The energy coefficient equivalents 

present the consumed energy during the production process and transportation (Table 1).  

Energy consumption in agricultural systems is associated with all assumed inputs that take 

part in the production processes. The energy equivalent of electricity and fossil fuel inputs 
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were estimated by multiplying the quantity of each input with its energy coefficient. For 

investigating the energy equivalent of egg the same method was utilized. 

 

Table 1: Energy coefficient equivalents of inputs and outputs 

 

Inputs (unit) 
Energy equivalent  

(MJ unit
-1

(1000 birds)
-1

) 
Reference 

A. Inputs   

Fossil fuels   

Diesel (l) 47.8 (Kitani, 1999) 

Kerosene (l) 36.7 (Kitani, 1999) 

Electricity (kWh) 11.93 (Ozkan et al., 2004) 

B. Outputs   

egg (kg) 7.28 (Baum et al., 2009)   

 

 

The Cobb-Douglas standardized and unstandardized coefficients were applied to the data by 

using a window-based statistical package program SPSS version 19.  

The relation between electricity and fossil-based fuels energy inputs and output was 

investigated using a prior mathematical function relation. Cobb-Douglas production function 

was suggested as the appropriate functional form. Assuming that egg yield is a function of 

electricity and fossil fuels, for investigating the impact of each energy input (fossil fuels and 

electricity) on egg yield, the equation can be expanded in the following form (Sefeedpari et 

al., 2012); 

 

(1) 

where  denotes the yield of the ith poultry farmer,  the vector of inputs used in the 

production process,  represent coefficients of inputs which are estimated from the model 

and  is the error term. Assuming that the dependent variable Y was taken as egg yield (the 

main product of poultry farms) and was specified as a function of electricity and fossil fuels, 

Eq. (1) can be expanded to Eq. (2);    

 (2) 

where X1 is fuel energy, X2 is electricity energy both in MJ (1000 birds)
-1

 in 14 months. 

Since the marginal product governs the law of production, the marginal physical productivity 

(MPP) technique, based on the response coefficients of the inputs, was used to determine the 

sensitivity of a particular energy input on production. The MPP of a fact indicates the change 

in the output with a unit change in the factor input in question, keeping all other factors 

constant at their geometric mean level. The MPP of the various inputs was computed using 

the j of the various energy inputs as; 

 
(3) 

where  is marginal physical productivity of jth input,  regression coefficient of jth 

input,  geometric mean of egg yield and  geometric mean of th input energy. 

A positive value of MPP of any factor indicates that production is increasing with an increase 
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in input. A negative value of MPP of any factor input indicates that additional units of inputs 

are contributing negatively to production, i.e. less production with more input.  

In validating the econometric models, autocorrelation was applied by using Durbin-Watson 

test (Singh et al. 2004). Return to scale was calculated by adding the elasticities ( ) 

derived in the form of regression coefficients in the Cobb-Douglas production function. 

Return to scale stresses the proportionate change in output due to an equi-proportionate 

change in all the inputs. If the sum is less than, equal to or greater than unity, the decreasing, 

constant or increasing return to scale is indicated, respectively (Singh et al., 2004).  

 

3. Results and discussions 

Data collected from selected poultry farms of Iran were analyzed from the viewpoint of 

energy consumption of fossil based fuels and electricity. The total energy consumption of the 

two target factors was calculated to be 154594.4 MJ (1000 birds)
-1

 in which fossil fuels were 

placed first due to its high consumption for heating production rooms and other utilizations in 

the farm. It was observed that farmers use electricity power in automatic feeding, automatic 

drinking and lighting equipments. A key way to increase the productivity of chickens is 

artificial lighting. If the housing is lit in the cooler hours before sunrise or after sunset, the 

chickens are able to eat more (Heidari et al., 2011). The egg yield was 20952.5 kg (1000 

birds)
-1

 in a production period of 14 months. Table 2 shows more detailed results of this 

study. 
Table 2: Parameters quantity and energy equivalents of inputs and output parameters in a production period 

 

Item Total amounts 

(unit (1000 birds)
-1

) 

Total energy equivalent (MJ 

(1000 birds)
-1

) 

A. Inputs  

Fossil fuels  3181.6 150376.5 

Diesel(L) 3028 144738.4 

Kerosene (L) 153.6 5638.1 

Electricity 

(kWh) 

353.5 
4217.9 

B. Output   58315 

Egg (kg) 20952.2 152532 

 
Table 3: Econometric estimation and sensitivity analysis of model 2 

 

Independent variable Coefficient t-Ratio MPP 

Model 2:  

Fuel -0.22 -1.39 -0.19 

Electricity 0.135 0.85
ns 

0.16 

Durbin Watson (DW) 2   

R
2
 0.96   

Return to scale (RTS) -0.08   
ns

: not significant 

The results of this study will investigate the relationship between electricity and fossil-based 

fuels at poultry for egg production farms. Egg was assumed to be a function of electricity and 

fossil fuels energies. It is worth pointing out that elasticity and impact are exactly alike 

(Mohammadi and Omid, 2010). The autocorrelation test was performed by using Durbin-

Watson test and calculated as 2 revealing that there was no autocorrelation at the 5% 

significance level in the estimated model. The R
2
 (coefficient of determination) was as 0.96 
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for this linear regression model. Estimated coefficients showed that electricity has a positive 

impact and fossil fuel is not contributed to egg yield. The negative impact of fuel energy 

indicated that any change in fuel energy consumption would decrease the egg yield. The MPP 

value of electricity showed that an additional use of 1 MJ (1000 birds)
-1

 from machinery 

would result in an increase of 0.16 MJ (1000 birds)
-1

 in egg yield. The results of econometric 

analysis are shown in Table 3. 

The review of literature did not reveal any other study related to the present study to compare 

the results with. Hence, other production systems were considered. In the study done by 

Sefeedpari et al. (2012) on the effect of non-renewable energy sources (fossil-based fuels, 

electricity and machinery and equipment) in dairy farming, the relationship between fuel 

energy use and milk yield was assessed to be positive while electricity was contributed 

negatively.  

 

4. Conclusion 

The present study was designed to investigate the functional relationship between two main 

non-renewable energy sources including fossil fuel and electricity use on egg production of 

40 selected poultry farms of Karaj city in Tehran. To collect the required data and 

information, face to face questionnaire approach was implemented and farms were selected 

randomly. Information about inputs use, the yield amount and farmers’ possible problems 

were gathered. Cobb-Douglas production function yielded the best results and therefore 

proposed for this study.  By analyzing data, the following results were drawn: 

1. The total energy consuming for fuel and electricity providing was calculated to be 

154594.4 MJ (1000 birds)
-1

, in which fuel energy was more than electricity energy 

consumption. This is due to the fact that most poultry equipment uses fossil fuel to operate 

and heating of the poultry production rooms. Having better control on fuel use in these 

situations and on the other hand substituting obsolete equipment with the high-tech and 

efficient ones is recommended. 

2. Electricity was found to have positive impact on egg production while an increase in fuel 

use would result in egg yield decreasing. The R
2 

coefficient yielded well showing the 

dependent and independent variable selection has been suitable. 

3. With respect to the two former results it is suggested to develop the reasonable and more 

efficient production systems in poultry industry, improve energy auditing practices in 

livestock farming enterprises, make room insulated against transformation of heat and 

employ the novel and well-established techniques extensively. Besides, more alternative 

renewable energy sources such as solar energy, wind energy, biofuels etc should be 

introduced to farmers and equipment manufacturers.
 
Educating farmers through extension 

programs would be helpful to achieve the goal of safer and cleaner products. 

 

 

5. References 

1) Anonymous. (2010) Annual agricultural statistics, Ministry of Jihad -e- Agriculture of Iran. 

Available at: http://www.maj.ir (in Persian). 

2)  WM, Sulaiman SA, Adesiyan A. 2011. Technical and allocative efficiency of poultry egg 

production in Nigeria. Agricultural Journal 6(4): 124-130. 

3) Baum AW, Patzek T, Bender M, Renich S. 2009. The visible, sustainable farm: A 

comprehensive energy analysis of a Midwestern farm. Critical Reviews in Plant Science 

28: 218–239. 

 4) Bujak J, 2009. Minimizing energy losses in steam systems for potato starch production. 

Journal of Cleaner Production 17: 1453–64. 



Safeedpari et al. 2013/ J. Livestock Sci. 4:1-6 
 

 6 

5) Ermis K, Midilli A, Dincer I, Rosen MA, 2007. Artificial neural network analysis of world 

green energy use. Energy Policy 35: 1731–43. 

6) Heidari MD, Omid M, Akram A, 2011. Energy efficiency and econometric analysis of 

broiler production farms. Energy 36(11): 6536-41. 

7) Iriarte A, Rieradevall J, Gabarrell X, 2010. Life cycle assessment of sunflower and 

rapeseed as energy crops under Chilean conditions. Journal of Cleaner Production 18: 336-

45.  

8) Kitani O, 1999. Energy and Biomass Engineering. In: CIGR Handbook of Agricultural 

Engineering, Vol. V, ASAE Publication, St. Joseph, MI, pp. 330. 

9) Liu Y, Langer V, Høgh-Jensen H, Egelyng H, 2010. Life cycle assessment of fossil energy 

use and greenhouse gas emissions in Chinese pear production. Journal of Cleaner 

Production 18: 1423-30. 

10) Meul M, Neven F, Reheul D, Hofman G, 2007. Energy use efficiency of specialized 

dairy, arable and pig farms in Flanders. Agriculture, Ecosystems and Environment 

119,135-44.  

11) Mohaddes SA, 2011. Production efficiency analysis in egg production in Khorasan Razavi 

province, Iran: An application of transcendental frontier model. International Journal of 

Poultry Science, 10(2): 125-129. 

12) Mohammadi A, Omid M, 2010. Economical analysis and relation between energy inputs 

and yield of greenhouse cucumber production in Iran. Appl Energy 87: 191–6. 

13) Nguyen TLT, Gheewala SH, 2008. Fossil energy, environmental and cost performance of 

ethanol in Thailand, Journal of Cleaner Production 16: 1814-21. 

14) Ojo SO, 2003. Productivity and technical efficiency of poultry egg production in Nigeria. 

International Journal of Poultry Science 2(6): 459-464.   

15) Ozkan B, Akcaoz H, Fert C, 2004. Energy input-output analysis in Turkish agriculture. 

Renewable Energy 29: 39-51. 

16) Sefeedpari P, Rafiee S, Akram A, 2012. The functional relationship between non-

renewable energy use and milk yield in Iran. J. Livestock Sci. 3:45-51. 

17) Ramirez CA, Patel M, Blok K, 2006. How much energy to process one pound of meat? A 

comparison of energy use and specific energy consumption in the meat industry of four 

European countries. Energy 31: 2047–63. 

18) Refsgaard K, Halbergb N, Kristensenb ES, 1998. Energy utilization in crop and dairy 

production in organic and conventional livestock production systems. Agricultural 

Systems 57(4): 599-630. 

19) Sardianou E, 2008. Barriers to industrial energy efficiency investments in Greece. Journal 

of Cleaner Production 16(13): 1416–23. 

20) Singh G, Singh S, Singh J, 2004. Optimization of energy inputs for wheat crop in Punjab. 

Energy Convers Manage 45: 453–65. 

21) Vinten-Johansen C, Lanyon LE, Stephenson KQ, 1990. Reducing energy inputs to a 

simulated dairy farm. Agriculture, Ecosystems and Environment, 31: 225-42. 

22) Yusuf SA, Malomo O, 2007. Technical efficiency of poultry egg production in Ogun 

state: A data envelopment analysis (DEA) approach. International Journal of Poultry 

Science 6 (9): 622-9.  
 

 


