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Does European Union's Agricultural Support Contribute to 

Energy Efficiency of Dairy Farms? 

A. Örs1*, and C. Oğuz2 

ABSTRACT 

The purpose of this research was to investigate whether the European Union's high 

amounts of construction and technology grants provided to dairy farms under The 

Instrument for Pre-accession Assistance for Rural Development (IPARD) program make 

a real contribution in terms of energy use and efficiency. The primary data of the study 

were obtained from Dairy Farms Supported (SDF) and Non-Supported (NSDF) by the 

IPARD program by using a questionnaire filled during the face-to-face interviews. The 

full count method was used to determine the 50 SDF while the Neyman allocation 

sampling method was used to determine the 100 NSDF. Energy indicators were used to 

evaluate the efficiency of input energy transformation into output and data envelopment 

analysis was used to calculate technical efficiency and pure technical efficiency. Unlike 

other studies in the literature, we analyzed energy efficiency of dairy farms in terms of the 

contribution of the EU supports. The results showed that SDF were more energy-efficient 

dairy farms with much better energy indicators and efficiency scores than NSDF. 

Productivity, benefit/cost ratios, and energy scores clearly show that EU grants given to 

dairy farms contribute to the efficient use of resources, including energy, increasing the 

competitiveness of dairy farms, and contributing to the rural area through energy 

efficiency and economic performance.  

Keywords: Full count method, IPARD program, Neyman allocation sampling method, 

Technical efficiency. 
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INTRODUCTION 

 Energy efficiency is commonly seen as a 

key policy option for climate change 

mitigation (Bilandzia et al., 2018; 

Edelenbosch et al., 2020; Palm and 

Thollander, 2020; Rabhandari and Zhang, 

2017; Röck et al., 2020; Sattler et al., 2020; 

Scaramuzzino et al., 2019; Swain and 

Karimu, 2020).  The European Union’s (EU) 

2030 Climate and Energy Policy Framework 

describes energy efficiency as fundamental 

in the transition toward a more competitive, 

secure, and sustainable energy system 

(Anonymous, 2014). The EU set a 20% 

energy efficiency target by 2020 under the 

Energy Efficiency Directive (2012/27/EU) 

and the Amending Directive on Energy 

Efficiency (2018/2002) set energy efficiency 

target for 2030 at least 32.5%.  

The EU provides grants to institutions, 

non-governmental organizations, companies 

and individuals for proects that will 

contribute to the realization of energy 

efficiency and similar policies. The EU 

member countries benefit from the European 

Agricultural Guarantee Fund (EAGF) and 

the European Agricultural Fund for Rural 
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Development (EAFRD) funds for the 

agricultural sector (Anonymous, 2020b), 

while the enlargement countries (Albania, 

Bosnia and Herzegovina, Kosovo, 

Montenegro, North Macedonia, Serbia and 

Turkey) benefit from The Instrument for 

Pre-accession Assistance for Rural 

Development (IPARD) funds (Anonymous, 

2020a). 

Turkey as a candidate country benefits 

from the IPARD program to prepare its 

agriculture sector and rural areas for EU 

membership. The main obective of the 

IPARD program for dairy farms is to make 

them competitive against other dairy farms 

in the EU's common market by supporting 

economic, social, and territorial 

development, with a view to a smart, 

sustainable and inclusive growth, through 

the development of physical capital and by 

promoting the efficient use of resources and 

expansion of utilization of renewable energy 

(Anonymous, 2015). For energy use and 

efficiency, we can examine the supports of 

the IPARD program under two headings as 

direct and indirect supports. Direct supports 

are investments in biogas and solar energy 

facilities for farm activities while indirect 

supports are investments in construction and 

technologies that promote the efficient use 

of resources and increase production 

efficiency.  Within the scope of the IPARD 

program, beneficiaries can make dairy farm 

investments with an investment budget of 1 

million euro and they can receive grant 

support up to 65% (Kaya and Örs, 2019).  

There are many studies related to energy 

indicators and energy efficiency. Although 

different methods were used in the energy 

studies for dairy farms, the calculations in 

these studies were based on input-output 

energy (Bos et al., 2014; Refsgaard et al., 

1998; Shine et al., 2018; Upton et al., 2013), 

and analyzed the energy consumption and 

productivity in organic and conventional 

dairy systems (Elahi et al., 2019; Frorip et 

al., 2012; Hosseinzadeh-Bandbafha et al., 

2018; Llanos et al., 2018; Meul et al., 2007).  

This study aimed to investigate whether 

the high amounts of construction and 

technology grants provided to dairy farms 

under IPARD make a real contribution in 

terms of energy use and efficiency. While 

these kinds of analysis are performed at the 

macroeconomic level in general, in this 

study, analyses were performed at the 

microeconomic level and dynamics of farm-

level were taken into account. This will 

contribute to measuring the impact of energy 

efficiency policies at the microeconomic 

level and developing new policies.  

MATERIALS AND METHODS 

Materials 

We selected Konya Province as a research 

area because it had the highest number of 

cattle (740,148 head) and the highest amount 

of milk production (1,018,917 t yr-1) in 

Turkey, according to the Turkish Statistical 

Institute's data. Konya was also one of the 

first three provinces that received the highest 

grant from the IPARD program. The 

analysis was carried out through the dairy 

farm data, which were obtained through the 

interviews in Konya from 50 supported 

dairy farms by the IPARD program (SDF) 

and 100 non-supported dairy farms (NSDF). 

Survey data span the period between May- 

November, 2017. For energy coefficients 

and formulas, previous research findings and 

published data were used. In this study, "$1= 

3.58 Turkish Lira", which was the average 

exchange rate of the May and November 

2017 (The Central Bank of the Republic of 

Turkey). 

Methods 

We used energy studies on dairy farming 

to determine inputs and outputs and to 

calculate energy indicators and energy 

efficiency. Unlike other studies, we used 

regression analysis to determine the inputs 

by considering the percentage of the impact 

of inputs on the milk yield. In other studies, 

while the energy efficiency was analyzed, 
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data was not grouped (Elahi et al., 2019; 

Hosseinzadeh-Bandbafha et al., 2018; Upton 

et al., 2013) or was grouped according to the 

housing system (Uzal, 2013), plate heat 

exchanger procedure (Shine et al., 2018), or 

the number of animals (Aldeseit, 2013; 

Oğuz and Yener, 2019; Unakıtan and 

Kumbar, 2019). However, in this study, we 

grouped data according to whether they 

received IPARD support or not, and by the 

number of milking cows. The Data 

Envelopment Analysis (DEA) was used to 

calculate energy efficiency. The literature 

containing the application of the DEA 

method in the evaluation of agriculture 

economic efficiency was also examined 

(Blancard and Martin, 2014; Hosseinzadeh-

Bandbafha et al., 2018; Ke-fei, 2015; Nassiri 

and Singh, 2009; Oğuz and Yener, 2019; 

Soni et al., 2018; Toma et al., 2017; 

Vlontzos et al., 2014). 

Considering the aim of this study, we 

compared energy efficiency in dairy farms 

supported and non-supported by the IPARD 

program in Konya Province of Turkey. The 

statistical information was obtained from 

face-to-face surveys with dairy farmers. The 

five key sub-obectives identified the 

following main obectives of this study: (i) 

To investigate current energy use profiles at 

dairy farms, (ii) To calculate energy inputs 

and outputs, (iii) To calculate energy 

indicators, (iv) To perform an economic 

analysis of milk production, and (v) To 

assess technical, pure and specific efficiency 

of energy use by using DEA method. 

Sampling Method 

During the sampling period, there were 

only 50 SDF operating in Konya. Because 

the population was small and it was easy to 

reach the desired information, the full count 

method was used to determine the SDF. 

According to the IPARD program, milking 

cow number criteria for dairy farms is a 

minimum of 10 and a maximum of 120. 

Following this criterion, the mainframe of 

NSDF was determined as 4.209 

establishments in 16 districts of Konya, 

which had milking cows between 10 to 120 

head. The Neyman allocation from the 

stratified sampling method was used in the 

calculation of sample size (Yamane, 1967). 

 (1) 

Where, n= Sample volume, N= Total unit 

Number belonging to the sampling frame, 

S= Standard deviation of sample mean, S2= 

Variance, D= d/t, d= Derivation from the 

average, t= Standard normal distribution 

value. The sample size was calculated as 

100 for a confidence interval of 95% and an 

error margin of 5%. As a result, 150 dairy 

farms were determined as total sample size. 

Calculation of Energy Inputs and 

Outputs 

Literature of energy studies on dairy 

farming to determine inputs and outputs 

were reviewed. The most comprehensive 

study of inputs and outputs for dairy farms is 

in the study of Oğuz and Yener (2019). We 

performed regression analysis to determine 

to what extent these inputs affect the milk 

yield by using our data. As a result of the 

regression analysis, 9 inputs were 

determined to have a significant relationship 

with milk yield (R= 0.978; R2= 0.956; F= 

334,879; P= .000). The effect of nine inputs 

on milk yield was determined as 96%. 

Therefore, in calculations, input and output 

variables given in Figure 1 were used. The 

energy input was classified into direct and 

indirect, and renewable and non-renewable 

energy. While direct energy inputs are the 

primary energy sources used by the farm, 

indirect energy inputs are other sources used 

in livestock and can be converted into 

energy value. In addition, non-renewable 

energy is consisted of diesel, lubricant, 

electricity, feeds, and machinery and 

renewable energy is consisted of labor 

(Elahi et al., 2019; Hosseinzadeh-Bandbafha 

et al., 2018; Oğuz and Yener, 2019; Uzal, 

2013). 
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Figure 1. Inputs and outputs scheme of dairy cattle farms (Source: Research results). 

Energy Value of Inputs and Outputs 

The energy value of inputs and outputs 

was calculated by using the amount of input 

or output (Qi) and Energy Equivalent for 

that input or output (EEi). The formula used 

in energy calculations was given below 

(Elahi et al., 2019; Hosseinzadeh-Bandbafha 

et al., 2018; Oğuz and Yener, 2019; Uzal, 

2013). 

 (2) 

Only the energy value of machines was 

calculated by a different formula. The 

Energy value of machines (Em) was 

calculated by using the material mass used 

for manufacturing (G) as kg LAU-1, the 

Energy Equivalent for machines (EEm) as 

M kg-1, the time a machine is used (t) as h, 

and the economic life of the machine (T) as 

h.  

 (3) 

Energy Indicators 

Energy indicators can evaluate the 

efficiency of input energy transformation 

into output (Alluvione et al., 2011). Energy 

Ratio (ER), Energy Productivity (EP), 

Specific Energy (SE) and net Energy Gain 

(NEG) were calculated by using the 

following formulas as energy indicators 

(Alluvione et al., 2011; -Elahi et al., 2019; 

Ghorbani et al., 2011; Heidari et al., 2011; 

Hosseinzadeh-Bandbafha et al., 2018; 

ankowski et al., 2016; Kizilaslan, 2009; 

Mousavi-Avval et al., 2011; Oğuz and 

Yener, 2019; Ramedani et al., 2011; Soni et 

al., 2018; Unakıtan and Kumbar, 2019; 

Uzal, 2013).  

  (4) 

 

 (5) 

 

 (6) 

 

 (7) 

 

Data Envelopment Analysis (DEA) 

DEA is a method for measuring the 

efficiency of Decision-Making Units (DMU) 

using linear programming techniques to 

envelop the observed input-output vectors as 

tightly as possible (Lee and i, 2010). This 

model has been used in the study to assess 

the energy amount by ranking dairy cow 

enterprises on the basis of their performance 

and to determine the resource usage 

efficiency. The CCR (Charnes-Cooper-

Rhodes) model measures the efficiency of 

each DMU obtained as a maximum of the 

ratio between weighted outputs and 

weighted inputs. In other words, the fewer 

the inputs invested in producing the given 
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output, the more efficient the production. 

The CCR model presupposes that there is no 

significant relationship between the scale of 

operation and efficiency by assuming a 

Constant Return to Scale (CRS). The CRS 

assumption is only suitable when all DMUs 

are operating optimally (Tan, 2014).  Later, 

Banker et al. (1984) (BCC) introduced the 

Variable Returns to Scale (VRS) efficiency 

measurement model allowing the breakdown 

of Efficiency into Technical (TE) and Scale 

Efficiency (SE) in DEA. The VRS 

assumption allows measurement of Pure 

Technical Efficiency (PTE) [i.e., the 

measurement of Technical Efficiency (TE) 

devoid of the Scale Efficiency (SE) effect] 

(Tan, 2014). 

Technical efficiency can be calculated by 

the ratio of the sum of weighted outputs to 

the sum of weighted inputs (Cooper et al., 

2006). 

      (8) 

Where, yr= Amount of output r, ur= 

Weight assigned to output r, xs= Amount of 

input s, vs= Weight assigned to input s.   

Each DMU sets its weights in solving an 

optimization problem to maximize its 

efficiency subject to the condition that all 

efficiencies of other DMUs remain less than 

or equal to 1 and the values of the weights 

are greater than or equal to 0 (Gelan and 

Muriithi, 2012). The Constant Return to 

Scale (CRS) linear programming problem 

can easily be modified to account for 

Variable Returns to Scale (VRS) by adding 

the convexity constraint. The relationship 

between CRS and VRS is given as: 

 (9) 

 

In this study, DEA was used to compare 

energy efficiency. We used Max DEA Basic 

8.3 software for calculations of DEA. Input 

and output data were prepared as a table and 

solved in Max DEA software by using both 

the CCR and BCC models by input-oriented 

forms. 

RESULTS AND DISCUSSION 

General Information 

General information about the dairy cattle 

farms surveyed in the field study is 

presented in Table 1. 

 
    Table 1. General information about dairy farms. 

  NSDF SDF 

Number of surveyed dairy farms 100 50 
Labor force used in the farm (Manpower unit×Day) 556.24 1,397.05 

Area of processed land (Decares) 251.42 533.11 

Milking cows (Heads) 30.65 108.76 
Large animal unit (LAU) 49.8 159.71 

Active capital ($ LAU-1) 12,014.28 14,182.40 

Foreign capital ($ LAU-1) 1,711.18 1,072.48 
Equity capital ($ LAU-1) 10,303.11 13,109.92 

Dairy farm investment ($ LAU-1) 8,404.61 11,361.04 

Lactation period (d yr-1) 300.00 300.00 
Milking frequency (times d-1) 2.00 2.00 

Milk yield (kg d-1)  20.85 26.38 

Milk yield (kg yr-1 Cow-1)  6,255.00 7,914.00 
Barn type Semi-open Semi-open 

Feeding method Total mixed ration Total mixed ration 

Comparison of Input-Output Energy  

 

Consumption of Dairy Farms 

All input and output variables were 

converted to energy unit for comparison.     

Energy Equivalent coefficients (EE) of 

inputs and output are shown in Table 2. It 

was used by averaging the different EE 

values found for the same inputs-outputs 

variable in the literature. Energy values of 
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all feeds were calculated on dry matter.  

In order to put the animals of different 

species and structures in the farms on the 

same base and to examine them 

proportionally, the existing animals were 

converted to the Large Animal Unit (LAU) 

by using the coefficients (bull 1.40, cow 

1.00, heifer 0.70, calf 0.50 ) (Erkuş et al., 

1995) and all of the inputs and outputs were 

quantified on LAU base.  

Table 2. Energy equivalent coefficients of inputs and outputs. 

Source Unit EE coefficients References 

A. Inputs 

   1. Direct Inputs 

   

Diesel M l-1 43.10 

(Hosseinzadeh-Bandbafha et al., 2018; Meul et al., 2007; 

 Refsgaard et al., 1998; Wócicki, 2000) 

Lubricant M l-1 37.70 (Hosseinzadeh-Bandbafha et al., 2018; Refsgaard et al., 1998) 

Electricity M kWh-1 10.73 (Hosseinzadeh-Bandbafha et al., 2018; Refsgaard et al., 1998) 

Labor M hour-1 1.96 

(Elahi et al., 2019; Hosseinzadeh-Bandbafha et al., 2018;  

Nassiri and Singh, 2009; Ramedani et al., 2011) 

2. Indirect Inputs 

   Machines  M kg-1 79.83 (Elahi et al., 2019; Ramedani et al., 2011; Wócicki, 2000) 

Concentratesa 
M kg-1 
DM 6.30 (Elahi et al., 2019; Meul et al., 2007) 

Strawa 

M kg-1 

DM 2.20 (Meul et al., 2007) 

Alfalfaa 

M kg-1 

DM 1.50 (Oğuz and Yener, 2019) 

Maize silagea 
M kg-1 
DM 14.00 (Maikhuri, 1996) 

B. Outputs 

   1. Milk M kg-1 7.14 (Oğuz and Yener, 2019) 

2. Productive Stock Value  M kg-1 9.22 (Hosseinzadeh-Bandbafha et al., 2018) 

3. Farm Fertilizera M kg-1 2.10 (Maikhuri, 1996) 

a Dry matter ratios were taken as 88% for concentrates, 85% for straw, 85% for alfalfa, 30% for maize silage and 

70% for farm fertilizer (Oğuz and Yener, 2019). 

 

The calculations of energy inputs and 

outputs are presented in Table 3 according to 

dairy farm groups. In the NSDF, the average 

of the total energy inputs was 46,000.47 M 

LAU-1 consisting of 4,496.96 M LAU-1 

direct inputs and 41,503.51 M LAU-1 

indirect inputs. In the SDF, the average of 

the total energy inputs was 39,964.29 M 

LAU-1 consisting of 6,161.05 M LAU-1 

direct inputs and 33,803.23 M LAU-1 

indirect inputs. In NSDF, the first three 

energy inputs with the highest ratio were 

concentrates (47.28%), straw (27.07%) and 

maize silage (11.80%), and in SDF, the first 

three energy inputs were the same as 

NSDF’s with different ratios: concentrates 

(41.31%), straw (23.25%), and maize silage 

(14.49%). Results were compared with three 

other dairy studies in the literature. In the 

study of Uzal (2013), 93.52% of energy 

input was feed; in the study of 

Hosseinzadeh-Bandbafha et al. (2018), 

91.48% of energy input was feed; in the 

study of Oğuz and Yener (2019), feed ratio 

was 89.10% in energy inputs. The average 

of total energy outputs was 42,297.15 M 

LAU-1 in the NSDF, while it was 55,164.99 

M LAU-1 in the SDF. When the percentage 

distribution of the energy outputs was 

examined, the NSDF’s energy outputs 

consisted of 80.00% milk production, 1.65% 

PSV and 18.35% farm fertilizer. On the 

other hand, in SDF, it consisted of 84.01% 

milk production, 1.39% PSV and 14.60% 

farm fertilizer. While 9.78% of input energy 

in NSDF was direct energy and 90.22% was 

indirect energy, these ratios were 15.42 and 

84.58% in SDF, respectively. Regarding 

renewable energy, 1.14% of input energy in 

NSDF was renewable energy and 98.86% 

was non-renewable energy, while it was 

1.03 and 98.97% in SDF, respectively 
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(Table 4). In the study of Oğuz and Yener 

(2019), 8.05% of input energy was direct, 

and 91.95% was indirect energy, while 

1.41% of input energy was renewable and 

98.59% was non-renewable.  

 

Table 3. Energy inputs and outputs in NSDF and SDF. 

 NSDF SDF 

Inputs/Outputs 
Energy values 

(M LAU-1) 
% 

Energy values 

(M LAU-1) 
% 

A. Inputs 

    1. Direct inputs 

    Diesel 1,694.87 3.68 1,761.75 4.41 

Lubricant 10.08 0.02 10.48 0.03 
Electricity 2,266.57 4.93 3,977.33 9.95 

Labor 525.44 1.14 411.49 1.03 

Total direct inputs 4,496.96 9.78 6,161.05 15.42 
2. Indirect inputs 

    Machines  283.75 0.62 199.90 0.50 

Concentrates 21,749.19 47.28 16,509.99 41.31 
Straw 12,451.97 27.07 9,293.61 23.25 

Alfalfa 1,588.88 3.45 2,010.32 5.03 

Maize silage 5,429.72 11.80 5,789.42 14.49 
Total indirect inputs 41,503.51 90.22 33,803.23 84.58 

Total inputs 46,000.47 100.00 39,964.29 100.00 

B. Outputs 
    1. Milk 33,839.60 80.00 46,345.26 84.01 

2. Productive stock value 696.19 1.65 765.46 1.39 

3. Farm fertilizer 7,761.36 18.35 8,054.27 14.60 
Total outputs 42,297.15 100.00 55,164.99 100.00 

 

Energy indicators in NSDF and SDF were 

calculated and are shown in Table 5. The 

Energy Ratio (ER) was calculated as 0.92 in 

NSDF and 1.38 in SDF. Energy Productivity 

(EP) was calculated as 0.10 kg M-1 in NSDF 

and 0.16 kg M-1 in SDF. Specific Energy 

(SE) was calculated as 9.71 M kg-1 in NSDF 

and 6.16 M kg-1 in SDF. When the energy 

values required for 1 kg milk production 

were converted to kWh and the cost was 

calculated, NSDF spends $ 0.05 for 1 kg of 

milk and SDF spends $ 0.03. The Net 

Energy Gain (NEG) value was calculated as 

-3,703.32 M LAU-1 in NSDF while it was 

15,200.70 M LAU-1 in SDF. While the input 

energy was higher than the output energy in 

the NSDF, the opposite was the case in the 

SDF.  

 

Table 4. Different types of energy inputs in NSDF and SDF. 

  NSDF SDF 
Energy type Energy (M LAU-1) % Energy (M LAU-1) % 

Direct energy 4,496.96 9.78 6,161.05 15.42 

Indirect energy 41,503.51 90.22 33,803.23 84.58 

Renewable energy 525.44 1.14 411.49 1.03 
Non-renewable energy 45,475.03 98.86 39,552.80 98.97 

Total energy input 46,000.47 100.00 39,964.29 100.00 

 
 Table 5. Energy indicators in NSDF and SDF. 

Indicators NSDF SDF 

ER  0.92 1.38 

EP (kg M-1) 0.10 0.16 

SE (M kg-1) 9.71 6.16 
NEG (M LAU-1) - 3,703.32 15,200.70 
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Economic Analysis of Milk Production 

Within the scope of economic analysis, 

production costs, gross production value, 

gross profit, unit milk cost, milk sales price, 

productivity, net return and benefit/cost ratio 

values were calculated and are presented in 

Table 6 (Açıl and Demirci, 1984; Çetin, 

2013; Geetha and Lavanya, 2013; Ghorbani 

et al., 2011; Hanrahan et al., 2018; Kıral et 

al., 1999; Kumawat et al., 2014; Örs and 

Oğuz, 2019; Ramsbottom et al., 2015; 

Shoemaker et al. 2008; Tapki, 2019; Tranel 

and Gary, 2002). The average gross profit 

was higher in SDF and this was an indicator 

that they were more competitive and more 

successful in terms of business organization.  

 
   Table 6. Economic analysis of milk production 

  
Unit 

Values 

NSDF SDF 

Total variable costs $ LAU-1 1,882.29 2,044.30 

Total fixed costs $ LAU-1 720.77 844.79 

Total production costs $ LAU-1 2,603.06 2,889.10 
Gross production valuea $ LAU-1 3,104.98 3,909.29 

Gross profitb $ LAU-1 1,222.69 1,864.99 

Unit milk cost $ kg-1 0.37 0.33 
Milk sales price $ kg-1 0.38 0.40 

Net returnc $ LAU-1 501.92 1,020.19 

Productivityd kg $-1 2.40 2.74 
Benefit/Cost ratioe - 1.19 1.35 

a Gross production value= [Milk production amount (kg)×Milk price ($ kg-1)]+Productive stock value 

($)+Animal manure income ($); b Gross profit= Gross production value ($)-Total variables costs ($); c 

Net return= Gross production value ($)–Total production costs ($); d Productivity= Milk yield (kg)/Total 

production costs ($); e Benefit/Cost ratio= Gross production value ($)/Total production costs ($). 

 

In this respect, productivity and 

benefit/cost ratios were 2.40 kg $-1 and 1.19 

in NSDF, while they were 2.74 kg $-1 and 

1.35 in SDF. It was clear that the yield and 

gross production value obtained against the 

unit cost were higher in SDF and this was an 

indication that SDF were more competitive 

enterprises.  

 

Energy Efficiency Analysis in Milk 

Production  

For a more comprehensive assessment of 

energy efficiency, we grouped dairy farms 

by the number of milking cows. The results 

of the DEA are showed in Table 7. When 

TE is equal to 1, we call the DMU as 

efficient, and when TE is smaller than 1, we 

call it as inefficient (Ke-fei, 2015). When we 

examine Table 7 according to farm size 

groups, technical efficiency appears to be 

similar across both SDF and NSDF. The 

dairy farms that had 51 head or more 

milking cows were the group with the 

highest TE score.  

The average TE and PTE scores in NSDF 

were 0.93 and 0.94, respectively, while they 

were 0.94 and 0.96 in SDF. Although the 

average energy efficiency of SDF is higher 

than that of NSDF, the difference is very 

low. TE and PTE scores according to farm 

size groups are shown in Figure 2 as a radar 

chart.  

In Figure 2, the group with the outer ring is 

the group with 51 or more head of milking 

cows. Since the outer ring is the closest to 

1.00, which is the energy-efficient value, it 

represents the group with the highest energy 

efficiency. In this group, the PTE values of 

NSDF and SDF are the same as 0.96, while 

the TE value of NSDF (0.96) is slightly 

higher than the TE value of SDF (0.94). The 

group with 51 or more heads of milking 

cows is the group with the highest energy 

efficiency, and it can be said that the energy 

efficiency of NSDF in this group is slightly 

higher than the SDF.  
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  Table 7. Results of data envelopment analysis. 

  

Farm size 

groups 

(No of milking 
cows) 

No of 

farms 
TE PTE SE Efficient Inefficient 

The ratio of 
efficient farms 

(%) 

NSDF 10-25 63 0.92 0.94 0.98 35 28 55.56 

 

26-50 20 0.90 0.93 0.98 9 11 45.00 

51+ 17 0.96 0.96 0.99 9 8 52.94 

Avg 100 0.93 0.94 0.98 53 47 53.00 

SDF 

10-25 2 0.93 0.95 0.98 0 2 - 

26-50 2 0.81 0.81 1.00 1 1 50.00 

51+ 46 0.94 0.96 0.98 24 22 52.17 

Avg 50 0.94 0.96 0.98 25 25 50.00 

 

 

Figure 2. Comparison of TE and PTE values of dairy farms. 

CONCLUSIONS 

In some studies (Oğuz and Yener, 2019; 

Unakıtan and Kumbar, 2019), it was 

observed that energy efficiency increased as 

the number of milking cows increased, while 

in other studies (Aldeseit, 2013), the 

opposite was observed i.e. energy efficiency 

decreased as the number of animals 

increased. Unlike literature, in our study, no 

correct or inverse proportional relationship 

was observed between the number of cows 

and energy efficiency. It has been 

determined that the energy efficiency scores 

of the dairy farms with 51 or more heads of 

cows and those with 10-25 heads of cows 

are higher than 26-50 group.  

The study confirms that SDF were more 

energy-efficient dairy farms with much 

better energy indicators and efficiency 

scores than NSDF. Productivity, benefit/cost 

ratios, and energy scores clearly show that 

EU grants given to dairy farms contribute to 

the efficient use of resources, including 

energy, and make them businesses that are 

more competitive. Future studies might 

concern with not only dairy farm sizes but 

also need to analyze comprehensively 

whether or not dairy farm has the financial 

power to reach the expected sizes. 

ACKNOWLEDGEMENTS 

This article has been prepared by using the 

Ph.D. dissertation entitled "Impact of 

IPARD Program on Competitiveness of 

Dairy Farms in Konya". This study was 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

20
 ]

 

                             9 / 13

https://jast.modares.ac.ir/article-23-52051-en.html


  ______________________________________________________________________ Ors and Oguz 

 

1012 

supported by the Scientific and 

Technological Research Council of Turkey 

(TUBİTAK) proect numbered 116K697 and 

by the Selçuk University’s Scientific 

Research Fund (BAP) Proect No: 17401049. 

We would like to thank TUBİTAK and 

Selçuk University Scientific Research and 

Proects Coordination Unit for their financial 

support for this proect.  

REFERENCES 

1. Açıl, A. F. and Demirci, R. 1984. 

Agricultural Economics Subjects. 

Agricultural Faculty Editions, Edition No: 

880, Ankara, Turkey. 

2. Aldeseit, B. 2013. Measurement of scale 

efficiency in dairy farms: data envelopment 

analysis (DEA) Approach. . Agric. Sci., 

5(9): 37.  

3. Alluvione, F., Moretti, B., Sacco, D. and 

Grignani, C. 2011. EUE (Energy Use 

Efficiency) of Cropping Systems for a 

Sustainable Agriculture. Energy, 36(7): 

4468-4481.  

4. Anonymous. 2014. European Council (23 

and 24 October 2014) Conclusions on 2030 

climate and energy policy framework for 

the EU. Retrieved from 

https://www.consilium.europa.eu/en/meetin

gs/european-council/2014/10/23-24/ 

5. Anonymous. 2015. Instrument for Pre-

Accession Assistance on Rural 

Development (IPARD) Programme (2014-

2020): Ministry of Food, Agriculture and 

Livestock Rural Affairs. 

6. Anonymous. 2020a. Overview of EU Pre-

Accession Assistance for Rural 

Development (IPARD).   Retrieved from 

https://ec.europa.eu/info/food-farming-

fisheries/farming/international-

cooperation/enlargement/pre-accession-

assistance/overview_en 

7. Anonymous. 2020b. Rural Development.   

Retrieved from: https://ec.europa.eu/info/food-farming-

fisheries/key-policies/common-agricultural-policy/rural-

development_en 

8. Banker, R. D., Charnes, A. and Cooper, W. 

W. 1984. Some Models for Estimating 

Technical and Scale Inefficiencies in Data 

Envelopment Analysis. Manage. Sci., 

30(9): 1078-1092.  

9. Bilandzia, N., Voca, N., elcic, B., urisic, V., 

Matin, A., Grubor, M. and Kricka, T. 2018. 

Evaluation of Croatian Agricultural Solid 

Biomass Energy Potential. Renewable and 

Sustainable Energy Rev., 93: 225-230.  

10. Blancard, S. and Martin, E. 2014. Energy 

Efficiency Measurement in Agriculture 

with Imprecise Energy Content 

Information. Energy Policy, 66: 198-208.  

11. Bos, . F., de Haan, ., Sukkel, W. and Schils, 

R. L. 2014. Energy Use and Greenhouse 

Gas Emissions in Organic and 

Conventional Farming Systems in the 

Netherlands. NAS-Wagen. . Life Sc., 68: 61-

70.  

12. Cooper, W. W., Seiford, L. M. and Tone, 

K. 2006. Introduction to Data Envelopment 

Analysis and Its Uses: With DEA-Solver. 

Software and References, Springer Science 

and Business Media. 

13. Çetin, B. 2013. Uygulamalı Tarım 

Ekonomisi. Nobel Akademik Yayıncılık. 

14. Edelenbosch, O. Y., Van Vuuren, D., Blok, 

K., Calvin, K. and Fuimori, S. 2020. 

Mitigating Energy Demand Sector 

Emissions: The Integrated Modelling 

Perspective. Appl. Energy, 261: 114347.  

15. Elahi, E., Weiun, C., ha, S. K. and Zhang, 

H. 2019. Estimation of Realistic Renewable 

and Non-Renewable Energy Use Targets 

for Livestock Production Systems Utilising 

an Artificial Neural Network Method: A 

Step towards Livestock Sustainability. 

Energy, 183: 191-204. 

16. Erkuş, A., Bülbül, M., Kıral, T., Açıl, A. F. 

and Demirci, R. 1995. Tarım Ekonomisi. 

Araştırma ve Geliştirme Vakfı Yayınları, 

Ziraat Fakültesi Eğitim, Ankara 

Üniversitesi, No 5, Ankara.  

17. Frorip, ., Kokin, E., Praks, ., Poikalainen, 

V., Ruus, A., Veermäe, I., Lepasalu, L., 

Schäfer, W., Mikkola, H. and  Ahoka, . 

2012. Energy Consumption in Animal 

production-case farm study. Agron. Res. 

Biosys. Eng., 1(Special Issue): 39-48. 

18. Geetha, K. and Lavanya, V. 2013. 

Economics Analysis of Dairy Farming in 

Vellalore Village in Coimbatore District. . 

Econ. Soc. Dev., 9(1): 25-37.  

19. Gelan, A. and Muriithi, B. W. 2012. 

Measuring and Explaining Technical 

Efficiency of Dairy Farms: A Case Study of 

Smallholder Farms in East Africa. Agrekon, 

51(2): 53-74.  

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

20
 ]

 

                            10 / 13

https://www.researchgate.net/scientific-contributions/L-Lepasalu-2030209494
https://www.researchgate.net/profile/Winfried-Schaefer
https://www.researchgate.net/profile/Hannu-Mikkola-2
https://jast.modares.ac.ir/article-23-52051-en.html


 Energy Efficiency of Dairy Farms _____________________________________________   

1013 

20. Ghorbani, R., Mondani, F., Amirmoradi, S., 

Feizi, H., Khorramdel, S., Teimouri, 

M., Sanani, S., Anvarkhah, S. and Aghel, 

H. 2011. A Case Study of Energy Use and 

Economical Analysis of Irrigated and 

Dryland Wheat Production Systems. Appl. 

Energy, 88(1): 283-288.  

21. Hanrahan, L., McHugh, N., Hennessy, T., 

Moran, B., Kearney, R., Wallace, M. and 

Shalloo, L. 2018. Factors Associated with 

Profitability in Pasture-Based Systems of 

Milk Production. . Dairy Sci., 101(6): 5474-

5485.  

22. Heidari, M., Omid, M. and Akram, A. 

2011. Energy Efficiency and Econometric 

Analysis of Broiler Production Farms. 

Energy, 36(11): 6536-6541.  

23. Hosseinzadeh-Bandbafha, H., Safarzadeh, 

D., Ahmadi, E. and Nabavi-Pelesaraei, A. 

2018. Optimization of Energy Consumption 

of Dairy Farms Using Data Envelopment 

Analysis. A Case Study: Qazvin City of 

Iran. . Saudi Soc. Agric. Sci., 17(3): 217-

228.  

24. ankowski, K. ., Dubis, B., Budzyński, W. 

S., Bórawski, P., and Bułkowska, K. 2016. 

Energy Efficiency of Crops Grown for 

Biogas Production in a Large-Scale Farm in 

Poland. Energy, 109: 277-286.  

25. Kaya, E. and Örs, A. 2019. Comparison of 

IPARD I and IPARD II Programmes as a 

Source of Rural Development Financing in 

Turkey. Turk. J. Agric. Food Sci. Technol., 

7(1): 92-98.  

26. Ke-fei, L. 2015. Application of DEA 

Method in the Evaluation of Agriculture 

Economic Efficiency. . Chem. Pharm. Res., 

7(3): 997-1000.  

27. Kıral, T., Kasnakoğlu, H., Tatlıdil, F., 

Fidan, H. and Gündoğmuş, E. 1999. 

Tarımsal Ürünler İçin Maliyet Hesaplama 

Metodoloisi ve Veri Tabanı Rehberi. Proe 

Raporu 1999-13. Yayın No: 37, Tarımsal 

Ekonomi Araştırma Enstitüsü, Ankara.  

28. Kizilaslan, H. 2009. Input–Output Energy 

Analysis of Cherries Production in Tokat 

Province of Turkey. Appl. Energy, 86(7-8): 

1354-1358.  

29. Kumawat, R., Singh, N. and Meena, C. 

2014. Economic Analysis of Cost and 

Returns of Milk Production, Extent of 

Adoption of Recommended Management 

Practices on Sample Dairy Farms in 

Bikaner District of Raasthan. GSFR: D 

Agriculture and Veterinary, 14(5): 47-53. 

30. Lee, C. and i, Y. -B. 2010. Data 

Envelopment Analysis. Stata ., 10(2): 267-

280  

31. Llanos, E., Astigarraga, L. and Picasso, V. 

2018. Energy and Economic Efficiency in 

Grazing Dairy Systems under Alternative 

Intensification Strategies. Eur. . Agron., 92: 

133-140.  

32. Maikhuri, R. 1996. Eco-Energetic Analysis 

of Village Ecosystem of Different 

Traditional Societies of Northeast India. 

Energy, 21(12): 1287-1297.  

33. Meul, M., Nevens, F., Reheul, D. and 

Hofman, G. 2007. Energy Use Efficiency of 

Specialised Dairy, Arable and Pig Farms in 

Flanders. Agric. Ecosyst. Environ., 119(1-

2): 135-144.  

34. Mousavi-Avval, S. H., Rafiee, S., afari, A. 

and Mohammadi, A. 2011. Improving 

Energy Use Efficiency of Canola 

Production Using Data Envelopment 

Analysis (DEA) Approach. Energy, 36(5): 

2765-2772.  

35. Nassiri, S. M. and Singh, S. 2009. Study on 

Energy Use Efficiency for Paddy Crop 

Using Data Envelopment Analysis (DEA) 

Technique. Appl. Energy, 86(7-8): 1320-

1325.  

36. Oğuz, C. and Yener, A. 2019. The Use of 

Energy in Milk Production; A Case Study 

from Konya Province of Turkey. Energy, 

183: 142-148. 

37. Örs, A. and Oğuz, C. 2019. Comparison of 

Economic Analysis of Dairy Farms 

Supported and Non-Supported by IPARD 

Program: A Case Study of Konya Province, 

Turkey. Custos e Agronegocio on Line, 

15(2): 192-212.  

38. Palm, . and Thollander, P. 2020. Reframing 

Energy Efficiency in Industry: A Discussion 

of Definitions, Rationales, and 

Management Practices. In Book: Energy 

and Behaviour, Elsevier. PP. 153-175. 

39. Rabhandari, A. and Zhang, F. 2017. Does 

Energy Efficiency Promote Economic 

Growth? Evidence from a Multicountry and 

Multisectoral Panel Dataset. Energy Econ., 

69: 128-139. 

40. Ramedani, Z., Rafiee, S. and Heidari, M. 

2011. An Investigation on Energy 

Consumption and Sensitivity Analysis of 

Soybean Production Farms. Energy, 

36(11): 6340-6344.  

41. Ramsbottom, G., Horan, B., Berry, D. P. 

and Roche, . R. 2015. Factors Associated 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

20
 ]

 

                            11 / 13

https://jast.modares.ac.ir/article-23-52051-en.html


  ______________________________________________________________________ Ors and Oguz 

 

1014 

with the Financial Performance of Spring-

Calving, Pasture-Based Dairy Farms. . 

Dairy Sci.,, 98(5): 3526-3540.  

42. Refsgaard, K., Halberg, N. and Kristensen, 

E. S. 1998. Energy Utilization in Crop and 

Dairy Production in Organic and 

Conventional Livestock Production 

Systems. Agric. Syst., 57(4): 599-630.  

43. Röck, M., Saade, M. R. M., Balouktsi, M., 

Rasmussen, F. N., Birgisdottir, H., 

Frischknecht, R., Habert, G., Lützkendorf, 

T. and Passer, A. 2020. Embodied GHG 

Emissions of Buildings: The Hidden 

Challenge for Effective Climate Change 

Mitigation. Appl. Energy, 258: 114107.  

44. Sattler, S., Clemmer, S., Richardson, . and 

Cowin, R. 2020. Opportunities in Energy: 

National Policy Approaches for Addressing 

Climate Change. Electr. ., 33(1): 106693.  

45. Scaramuzzino, C., Garegnani, G. and 

Zambelli, P. 2019. Integrated Approach for 

the Identification of Spatial Patterns 

Related to Renewable Energy Potential in 

European Territories. Renew. Sustain. 

Energy Rev., 101: 1-13.  

46. Shine, P., Scully, T., Upton, ., Shalloo, L. 

and Murphy, M. 2018. Electricity and 

Direct Water Consumption on Irish Pasture 

Based Dairy Farms: A Statistical Analysis. 

Appl. Energy, 210: 529-537.  

47. Shoemaker, D., Eastridge, M., Breece, D., 

Woodruff, ., Rader, D. and 2008. 15 

Measures of Dairy Farm Competitiveness. 

Ohio State University Extension, Ohio 

State University, Columbus, OH. 

48.  Soni, P., Sinha, R. and Perret, S. R. 2018. 

Energy Use and Efficiency in Selected 

Rice-Based Cropping Systems of the 

Middle-Indo Gangetic Plains in India. 

Energy Rep., 4: 554-564.  

49. Swain, R. B. and Karimu, A. 2020. 

Renewable Electricity and Sustainable 

Development Goals in the EU. World Dev. 

125: 104693.  

50. Tan, Y. 2014. Performance, Risk and 

Competition in the Chinese Banking 

Industry: Chandos Publishing. 

51. Tapki, N. 2019. The Comparison of Dairy 

Farms in Different Scales Regarding Milk 

Production Cost and Profitability in Turkey: 

A case Study from Hatay Province. Custos 

e Agronegocio on Line, 15(2): 48-62.  

52. Toma, P., Miglietta, P. P., Zurlini, G., 

Valente, D. and Petrosillo, I. 2017. A Non-

Parametric Bootstrap-Data Envelopment 

Analysis Approach for Environmental 

Policy Planning and Management of 

Agricultural Efficiency in EU Countries. 

Ecol. Indic., 83: 132-143.  

53. Tranel, L. F. and Gary, F. 2002. Managing 

Dairy Farm Finances: Iowa State 

University Extension Publication. 

54. Unakıtan, G. and Kumbar, N. 2019. 

Analysis of Feed Conversion Efficiency in 

Dairy Cattle Farms in Thrace Region, 

Turkey. Energy, 176: 589-595.  

55. Upton, ., Humphreys, ., Koerkamp, P. G., 

French, P., Dillon, P. and De Boer, I. 2013. 

Energy Demand on Dairy Farms in Ireland. 

. Dairy Sci., 96(10): 6489-6498.  

56. Uzal, S. 2013. Comparison of the Energy 

Efficiency of Dairy Production Farms 

Using Different Housing Systems. Environ. 

Prog. Sustain. Energy, 32(4): 1202-1208.  

57. Vlontzos, G., Niavis, S. and Manos, B. 

2014. A DEA Approach for Estimating the 

Agricultural Energy and Environmental 

Efficiency of EU Countries. Renew. 

Sustain. Energy Rev., 40: 91-96.  

58. Wócicki, Z. 2000. Equipment, Materials 

and Energy Inputs in Growth-Oriented 

Farms. IBMER Warszawa, Poland, PP. 1-

139. [in Polish]   

59. Yamane, T. 1967. Elementary Sampling 

Theory. Prentice-Hall, Inc., Englewood 

Cliffs, PP. 405.  

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
5-

20
 ]

 

                            12 / 13

https://jast.modares.ac.ir/article-23-52051-en.html


 Energy Efficiency of Dairy Farms _____________________________________________   

1015 

ها کمک در دامداری آیا حمایت های کشاورزی اتحادیه اروپا به کارآیی انرژی

 میکند ؟

 س. اوگوز و ،آ. اورس

 چکیده

ه آیا مبالغ زیاد کمک های مالی بلاعوض اتحادیه اروپا هدف این پژوهش بررسی این پرسش بود ک

ابزار پیش از الحاق برای توسعه "ها تحت برنامه برای ساخت و ساز و فناوری ارائه شده به دامداری

های اولیه این داده کمکی واقعی از نظر استفاده و کارایی انرژی می کند یا خیر. "( IPARDروستایی )

و با  IPARD( در برنامه NSDFشده )( و غیرحمایتSDFحمایت شده ) هایمطالعه از گاوداری

. از روش شمارش دست آمدشده در طی مصاحبه حضوری و رو در رو بهاستفاده از پرسشنامه تکمیل

 allocation (sampling methodو از روش نمونه گیری تخصیصی) SDF05 کامل برای تعیین 

Neyman    برای تعیینNSDF 055 اده شد. برای ارزیابی کارایی تبدیل انرژی ورودی به استف

های انرژی و برای محاسبه کارایی فنی و کارآیی فنی خالص از تحلیل پوششی خروجی از شاخص

یر مطالعات، در این پژوهش، ما ( استفاده شد. بر خلاف ساdata envelopment analysisها )داده

های اتحادیه اروپا تجزیه و تحلیل کردیم. نتایج ها را از نظر سهم حمایتکارآیی انرژی در دامداری

های انرژی و کارآیی انرژی ازنظر انرژی کارآمدتر و ازنظر شاخص SDFهای نشان داد که دامداری

و عدد امتیاز انرژی به وضوح نشان می دهد که  بود. بهره وری، نسبت سود/هزینه NSDFبسیار بهتر از 

کمک های بلاعوض اتحادیه اروپا به دامداری ها منجر می شود به استفاده کارآمد از منابع، از جمله 

ها، و کمک به مناطق روستایی از طریق کارآیی انرژی و عملکرد انرژی، افزایش رقابت پذیری دامداری

 اقتصادی.
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