
Article Not peer-reviewed version

Economic Efficiency versus Energy

Efficiency of Selected Crops in EU

Farms

Paweł Boczar and Lucyna Błażejczyk-Majka *

Posted Date: 25 June 2024

doi: 10.20944/preprints202406.1722.v1

Keywords: agricultural resources; economic security of farmers; Europe’s energy security; agricultural

production efficiency; economics of land use

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/394709


 

Article 

Economic Efficiency versus Energy Efficiency of 
Selected Crops in EU Farms 
Paweł Boczar 1 and Lucyna Błażejczyk-Majka 2,* 

1 Department of Economics and Economy Policy in Agribusiness, Faculty of Economics, Poznań University 
of Life Sciences, Poznań, Poland ; pawel.boczar@up.poznan.pl 

2 Department of Economic History, Faculty of History, Adam Mickiewicz University, Poznań, Poland 
* Correspondence: majkal@amu.edu.pl 

Abstract: The goal of farmers operating in a market economy is to maximise profit. In the face of the 
changing political situation, the main social interest, besides food security, should be energy 
security. This article aims to indicate the direction of agricultural policy development so that it 
guarantees both the economic security of producers—farmers—and Europe’s energy security. The 
work uses data obtained from the agri benchmark Cash Crop database. DEA method and stepwise 
multiple regression were used. The research showed that plants are already grown in Europe which 
will ensure high energy efficiency of production without compromising farm financial results 
(including oats, peas and winter rye) and that improving the involvement of certain inputs results 
in improved production efficiency (among others, by expenditure on agricultural advisory services). 
The significance of the presented research results from the fact that the recent COVID pandemic and 
escalation of the military conflict in Ukraine have led to a renewed interest in the concept of EU 
energy security, i.e. generation of generating the greatest possible amount of energy within the EU, 
to be used both for food and non-food purposes. 

Keywords: agricultural resources; economic security of farmers; Europe’s energy security; 
agricultural production efficiency; economics of land use 

 

1. Introduction 

Energy demands from agricultural raw materials have existed since the beginning of humankind 
and will continue to do so [1]; however, their importance has evolved as human civilisation has 
developed. Initial energy acquisition from food sources aimed at meeting basic human needs. With 
the progress of civilisation and increased basic needs, the energy demands required to produce non-
food goods have also grown The difference between energy demands lies in the fact that the energy 
demands to meet basic needs is limited by population size, whereas the energy demands to produce 
other goods are unlimited [2].  

Non-food energy demands were first satisfied using nonrenewable sources, such as coal or oil. 
Given the accelerated global warming process and the gradual depletion of nonrenewable resources, 
there is now a growing demand for energy from renewable sources, including agricultural raw 
materials [3]. As a result, there is currently an unlimited demand for energy, which may be met using 
agricultural raw materials [4]. Agricultural sources may and should be energy sources for producing 
food products and – indirectly – non-food goods.  

In the period of the dynamic development of European cooperation, attempts were made to 
maximally reduce the costs of energy production, which resulted in increasingly intensive importing 
of cheaper food and energy raw materials from outside the European Union (EU) [5]. The recent 
COVID pandemic and escalation of the military conflict in Ukraine have led to a renewed interest in 
the concept of EU energy security, i.e. generating the greatest possible amount of energy within the 
EU to be used both for food and non-food purposes [6]. Thus, conducting studies that broaden our 
understanding of agricultural production efficiency is necessary. In the EU, agricultural production 
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should be evaluated considering economic efficiency and other aspects. In the current environment 
of geopolitical instability, it is equally important to analyse the efficiency of individual inputs (factors 
of production) based on the amount of generated energy [7,8]. 

However, it must be remembered that, as a consequence of the latest EU reforms, farmers 
operating within the EU make decisions on the specialised type of production primarily based on 
economic calculations. When operating based on market economy principles, farmers aim to 
maximise profits. Next to food security, the public interest should also include energy security [8]. 
However, this approach is regulated by the authorities of a given country or the EU, determining 
goals of the common agricultural policy. 

Regardless of the external factors, we need to remember that the CAP (Common Agricultural 
Policy) aims to commercialise production [9,10]. The importance of subsidies to the total revenue of 
farmers is decreasing. Farmers are increasingly dependent on food markets. Instruments supporting 
specific production quotas are being replaced with those that support rural development and 
agriculture in general, forcing farmers to make decisions mainly based on an economic analysis of 
their operations [11]. 

In this paper, efficiency is understood depending on the analysed data in the following ways: 
-economic efficiency, defined as an attempt to maximise profits per hectare (expressed in 

Euro/ha) at a given input level. Economic efficiency is investigated here, including and excluding 
subsidies. 

-energy efficiency, defined as an attempt to obtain a maximum amount of energy per hectare 
(Mcal/ha) at a given input level. In other studies, energy efficiency is most frequently understood as 
the ratio of obtained energy to energy input [12,13]. The proposed approach is novel, facilitating 
energy and economic efficiency incorporation within one analysis. 

- economic energy efficiency, which is determined assuming that the explained variables include 
the value of generated profit per hectare and the value of energy obtained per hectare at the same 
time. It is understood as an attempt to maximise the value of profit and energy per hectare at a given 
input level. 

This article aims, therefore, to indicate in what direction agricultural policy should be developed 
to guarantee both the economic security of producers—farmers—and the energy security of Europe. 
Given the decision-making processes presented in the diagram, we hypothesise that it is feasible to 
manage agricultural production to maximise economic and energy efficiency.  

Thus, a question arises as to which crops grown in the EU in recent years meet both the criteria 
of maximising economic and energy efficiency. The conditions to maximise energy efficiency differ 
from those to maximise economic efficiency: which of the incurred costs has the greatest effect on 
individual types of efficiency? 

Recorded results will indicate the direction of future agricultural policy development to 
guarantee the economic security of producers, i.e. farmers, and the energy security of Europe. 

The aims of the study were realised using nonparametric and parametric quantitative methods. 
First the Data Envelopment Analysis (DEA) method was applied for aggregated data. Next, based on 
the results obtained, stepwise multiple regression was used to assess which cost categories 
significantly affect the investigated types of efficiencies. The data collected from the agri benchmark 
Cash Crop database provided the analysis’s starting point. Their advantage lies in the uniform 
methodology for individual EU countries and a detailed division of costs into individual types of 
agricultural production. To determine the energy value for the production of individual crops per 1 
ha, the respective indexes published by FAOSTAT were applied [14] (pp. 66–79]. 

The adopted methodology and data description are given in the first two chapters. The following 
chapters present results of the analyses conducted based on detailed data from the agri benchmark 
Cash Crop agricultural accounting in two subchapters: the first concerning economic efficiency, 
energy efficiency and mixed (economic and energy) efficiency for individual crops, and the second 
presenting the structure of production costs to attain efficiency. 
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2. Materials and Methods 

2.1. The DEA Method 

We applied the nonparametric DEA method to determine economic, energy and mixed 
efficiency. The conditions concerning the distribution of the explained variable required in 
parametric methods did not need to be met. The DEA method provides a solution comprising a series 
of linear equations, based on which the boundary of maximum technical efficiency is identified 
[15,16].  

The DEA analysis compares vectors of outcomes - products qr (outputs; r = 1, 2, …, R) and inputs 
xn (inputs; n = 1, 2, …, N) in all investigated entities (i = 1, 2, …, I). Both the values of outputs and 
inputs must meet the condition that they are greater than zero. The units investigated in the analyses 
were individual crops in individual farms involved in field crop production in the EU. As a 
consequence, I = 123 such defined study units were collected. Matrices Q and X combine vectors of 
products qr and inputs xn, respectively, for all entities in the study. Matrix Q (depending on whether 
the adopted study variant variables of profit included subsidies) was expressed in Euro (R = 2), 
respectively, and the amount of energy obtained from agricultural production was expressed in Mcal. 
In turn, the values of individual production costs were grouped in N = 9 variables, which formed 
matrix X. The values describing both the outputs and inputs (qr and xn) were established and given 
per 1 ha. 

Before calculations, it was assumed that production technology adopted in the investigated 
farms would bring variable returns to scale (VRS) and that efficiency improvements would consist of 
output maximisation. With these assumptions, it was possible to solve the programme of linear 
equations [17,18] (p. 163). As a consequence, for each investigated entity, efficiencies θi (i = 1, 2, …, 
123) were determined, which, depending on the selection of variables to matrix Q, were denoted as 
economic efficiency (based on the value of profit or the value of profit including subsidies), energy 
efficiency or mixed efficiency. As this paper later explains, they were labelled as θ(P), θ(PS), θ(E), 
θ(P&E) and θ(PS&E). However, despite its usefulness, the DEA method is not resistant to correlation 
of variables. Thus, it needs to be preceded by correlation analysis and the resulting adequate 
identification of the group of study data through clustering or selection. A detailed description of the 
DEA method may be found in Coelli et al. [18] and Thanassoulis, Portela and Despić [19]. 

Regardless of the efficiency type, the value of the efficiency index for the i-th entity is 1 (θi = 1), 
meaning that the i-th entity ran production efficiently compared to all the investigated entities. In 
turn, if θi < 1, it indicates that competitors of the i-th entity would have reached the same volume of 
production using fewer inputs (on average smaller by (1 - θi) %). Thus, such an entity is inefficient.  

Based on the determined efficiency values, the entities are ranked by efficiency, with the most 
efficient entities ranked first and the less efficient entities in lower positions. The calculations were 
made using the DEAP programme, available noncommercially from the Centre for Efficiency and 
Productivity Analysis see more: [20,21]. 

2.2. Stepwise Regression 

The Forward Stepwise Method was applied to determine which detailed costs from the database 
significantly affected the level of attained economic efficiency, energy efficiency and mixed efficiency 
[22,23] (pp. 342–348). It included all cost categories from the database (38 categories). In addition to 
the costs, crop yield and sale price variables for produced agricultural produce were incorporated in 
the model. 

Results presented below must be understood as follows: If a given variable was not included in 
the model or the estimated parameter proved to be nonsignificant, this indicates that the current level 
of costs had no significant influence on the level of analysed efficiency. If a given variable proved to 
be significant in the model, this variable’s consumption level significantly affected the level of 
attained efficiency. A negative value of a parameter means that its increase causes a reduction of 
efficiency, while a positive value indicates that an increase in efficiency occurred together with an 
increase in consumption of a given factor. 
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The Statistica programme conducted all the calculations concerning stepwise regression and 
basic descriptive statistics. 

3. Data 

The data used in this study come from the agri benchmark Cash Crop database. This database 
is available for project participants; otherwise, it is provided commercially [24]. The agri benchmark 
network is a global platform for agricultural economists, advisers and producers. Its primary aim is 
to exchange expertise based on reliable information related to production technologies, farm 
organisation and framework conditions, under which these farms operate and their prospects for 
development [25] (p. 7). The advantage of this database is that detailed financial information and 
information concerning production technologies are collected directly from farms. Thus, using these 
data, the costs of crop cultivation, cultivation technologies, crop efficiency, and the obtained financial 
results may be compared for the production of a specific crop grown in different world regions.  

In their comparative analyses, the agri benchmark platform uses data from Typical farms, which 
is an actual farm or a set of characteristics describing a farm located in a specific region, having a 
significant share in the production of investigated products, applying a production system 
characteristic to a given product and being a combination of land, capital resources, and an 
appropriate labour organisation system. To ensure the best possible representativeness of farms, 
typical farms were selected in cooperation with researchers and advisers from a given region or 
country, i.e. individuals who know the parameters required to characterise such a farm. As was 
mentioned above, a typical farm is selected from a region of importance for the production of a given 
raw material, e.g. wheat or rape. This region is identified based on available statistical data, with the 
typical farm selected is based on the following parameters: the level of revenue, the production 
system, farm size and management method. Typical farms may be those in which over 50% of 
revenue comes from the farm or can support only one family member. The production system 
adopted is characteristic of a given farming region. A typical farm is also of average size for a given 
region or is a large one. Such a farm is characterised by having medium or high management 
standards [26] (pp. 2–14). 

The presented study used data from the agri benchmark Cash Crop database concerning farms 
involved in crop production in the EU. The investigations included these crops grown on a given 
farm at least twice in the last three years. The analyses comprised multiannual means (min. 2-year 
means) from 2019 to 2021.  

Overall, the study covered 30 farms growing 19 crops jointly. Each farm grew from three to 
seven crops. The DEA analysis comprised 123 objects, i.e. crops grown in the investigated farms. Each 
of the objects was described using 39 cost categories. Each crop’s energy produced per hectare was 
also determined for each plant. For this purpose, indexes published by FAO were applied [14] (pp. 
66–79). 

As mentioned above, the DEA method is not resistant to high correlations of variables describing 
individual objects. Consequently, it was not possible to introduce all cost categories to assess energy 
and economic efficiency. Thirty-nine costs were grouped applying the division adopted in the agri 
benchmark nomenclature (compare Figure 1). A total of nine groups of costs were considered: 
establishment costs (EC), other direct costs (ODC), total labour costs (TLC), contractor costs (CC), 
machinery costs (MC), fuel costs (FC), building costs (BC), land costs (LC) and miscellaneous costs 
(MiC).  
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Figure 1. Cost classification for crops adopted in the agri benchmark database. 
http://www.agribenchmark.org/cash-crop/publications-and-rojects0/methodology.html. 

Table 1 presents the values of correlations between individual groups of costs. Their value did 
not exceed 0.7. Thus, such cost groupings meet formal requirements for applying the DEA method. 
In the second stage of the study, consisting of stepwise regression, the data concerning all 39 available 
cost categories were included. Moreover, due to the requirements of the DEA method (values of 
variables have to be >0), outcome variables concerning profits were scaled, adding the value of the 
greatest loss recorded in the group of investigated entities to each of them. 

Table 1. 

Var. Mean Stand. 
dev. 

Correlation coefficients 
EC ODC TLC CC MC FC BC LC MiC 

EC 453.11 263.08 1.00 0.58* 0.57* 0.50* 0.55* 0.53* 0.52* 0.21* 0.47* 
ODC 66.91 179.46 0.58* 1.00 0.36* 0.47* 0.33* 0.09 0.21* 0.17 0.31* 
TLC 210.05 126.86 0.57* 0.36* 1.00 0.14 0.68* 0.32* 0.53* 0.34* 0.49* 
CC 74.05 114.23 0.50* 0.47* 0.14 1.00 0.10 -0.05 0.28* 0.23* 0.32* 
MC 258.71 158.10 0.55* 0.33* 0.68* 0.10 1.00 0.40* 0.36* 0.14 0.51* 
FC 93.01 46.60 0.53* 0.09 0.32* -0.05 0.40* 1.00 0.47* 0.00 0.17 
BC 48.11 46.03 0.52* 0.21* 0.53* 0.28* 0.36* 0.47* 1.00 0.38* 0.48* 
LC 322.07 188.50 0.21* 0.17 0.34* 0.23* 0.14 0.00 0.38* 1.00 0.26* 

MiC 66.78 50.32 0.47* 0.31* 0.49* 0.32* 0.51* 0.17 0.48* 0.26* 1.00 
* Source: the authors’ elaboration based on agri benchmark data [24]. Results marked by one asterisk correspond 
to determined correlation coefficients are significant with p < 0.05, N = 123. 

4. Results 

4.1. Economic Efficiency, Energy Efficiency and Mixed Efficiency 

First, economic, energy and mixed (economic and energy) efficiencies were determined for each 
analysed object. To verify which cost categories have the greatest effect on obtained efficiencies of 
individual crops, correlation coefficients were determined between the values of individual groups 
of inputs and attained efficiencies. 
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Economic efficiency, determined based on the level of revenue without subsidies, was strongly 
correlated with economic efficiency based on revenue including subsidies. Thus, it may be concluded 
that the system of subsidies applied has no significant effect on economic efficiency. The greatest 
effect on the level of attained economic efficiency was recorded for labour costs (TLC) and land costs 
(LC). A relatively strong effect was also observed in the case of machinery costs (MC) and 
miscellaneous costs (MiC). 

An efficiency analysis based on the amount of produced energy per hectare at a specific level of 
inputs indicates that it is not significantly associated with the financial result obtained from growing 
crops. This confirms the assumption that energy security is influenced differently by outlays incurred 
in crop farming than in farmers’ economic security analysis. 

For this reason, economic and energy security is a derivative of these two models. This is 
confirmed by the correlation analysis presented in Table 2, which shows the highest correlation 
between economic efficiency calculated without subsidies (θ(P)) and with subsidies (θ(PS)). Mixed 
economic and energy efficiency (θ(P&E) and θ(PS&E)) was positively correlated both with economic 
efficiency (r = 0.610) and energy efficiency (r = 0.870), which may indicate that the model of double 
efficiency relatively uniformly reflects the economic interest of farmers and the energy security of a 
given region. 

Table 2. Correlation coefficients between values of individual input groups and attained economic 
and energy efficiency. 

Categories θ(P) θ(PS) θ(E) θ(P&E) θ(PS&E) 
Profit (P) 0.585 0.589 0.072 0.367 0.373 

Profit + subsidies (PS) 0.535 0.560 0.031 0.345 0.357 
Energy (E) -0.342 -0.302 0.320 0.253 0.248 

EC -0.221 -0.203 -0.216 -0.101 -0.101 
ODC -0.123 -0.122 -0.130 -0.102 -0.096 
TLC -0.566 -0.549 -0.266 -0.325 -0.330 
CC -0.191 -0.154 -0.117 -0.115 -0.093 
MC -0.411 -0.399 -0.247 -0.225 -0.222 
FC -0.081 -0.092 -0.165 -0.054 -0.063 
BC -0.391 -0.356 -0.207 -0.210 -0.208 
LC -0.557 -0.525 -0.136 -0.225 -0.214 

MiC -0.421 -0.375 -0.287 -0.227 -0.204 
θ(P) 1.000 0.989 0.404 0.605 0.610 
θ(PS) 0.989 1.000 0.403 0.610 0.621 
θ(E) 0.404 0.403 1.000 0.870 0.854 
θ(P&E) 0.605 0.610 0.870 1.000 0.996 
θ(PS&E) 0.610 0.621 0.854 0.996 1.000 

Next, for each analysis of efficiency, the ranking of the 123 objects included in the DEA analysis 
was established. Then, the mean efficiencies and the mean ranking position were determined for the 
19 crops. The results of this comparison are given in Table 3. Due to the method adopted, efficiency 
may be compared only vertically, not horizontally. Thus, comparisons of efficiency for individual 
crops are more reliable when based on the mean ranking position of a given crop.  

Table 3. Mean levels of analysed efficiencies and ranking positions depending on the species of field-
grown crops. 

Grown crops Number 
of Farms1 

Mean DEA efficiencies Mean ranking positions 
θ(P) θ(PS) θ(E) θ(PS&E) θ(P) θ(PS) θ(E) θ(PS&E) 

oats 1 1 1 1 1 1 1 1 1 

peas 4 1 1 1 1 1 1 1 1 
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winter rye 1 1 1 1 1 1 1 1 1 

sunflower 7 0.96 0.96 0.92 0.97 10 11 18 15 

soybeans 7 0.85 0.88 0.69 0.89 33 31 79 46 

spelt 1 0.85 0.91 0.82 0.93 59 55 87 92 

corn 13 0.82 0.81 0.99 0.99 44 46 13 14 

fava beans 3 0.81 0.83 0.96 0.96 35 32 28 32 

chickpeas 2 0.78 0.79 0.62 0.79 44 43 62 59 

winter barley 11 0.77 0.78 0.97 0.97 37 37 10 11 

winter wheat 27 0.75 0.75 0.95 0.95 54 54 28 31 

potato  4 0.67 0.68 0.64 0.84 55 54 104 56 

winter 

rapeseed 

18 0.65 0.65 0.67 0.76 67 68 88 82 

durum 3 0.64 0.62 0.68 0.74 62 64 99 75 

winter 

triticale 

3 0.59 0.57 0.82 0.82 68 71 62 69 

summer 

wheat 

1 0.58 0.46 0.99 0.99 85 99 73 79 

sugar beet 11 0.48 0.54 0.99 0.99 93 90 8 9 

fresh peas 1 0.47 0.57 0.13 0.57 97 86 123 122 

summer 

barley 

5 0.46 0.46 0.90 0.90 96 97 52 58 

Number of pairs (θi=1) 48 48 72 78 48 48 72 78 

min 0.001 0.001 0.132 0.422 1.000 1.000 1.000 1.000 

mean 0.729 0.735 0.871 0.913 52.821 52.805 41.203 37.577 

max 1 1 1 1 123 123 123 123 
1 Number of farms growing a given crop. The authors’ calculations are based on DEA results and raw data from 
the agri benchmark database [24]. 

The ranking results presented in Table 3 confirmed the conclusion that the strongest correlation 
between economic efficiency was calculated excluding subsidies (θ(P)) and with subsidies (θ(PS)). 
The differences in rankings in these two categories are found only in the case of legumes (fresh peas, 
fava beans, soya beans) and root crops (potato, sugar beet), as well as spelled, which are granted 
special production subsidies [27]. At the same time, their average ranking position improved. Thus, 
we will refer only to the results concerning profit with subsidies (θ(PS)) related to production. 

Oats, peas and winter rye proved to be most efficient regardless of the efficiency type (mean 
ranking position p = 1). In terms of economic efficiency with subsidies (θ(PS)), the lowest-ranked 
positions were held by summer wheat (p = 99), summer barley (p = 97) and sugar beet (p = 90). The 
most expensive crops in terms of obtained energy at a specific level of inputs included fresh peas (p 
= 123), potato (p = 104) and durum (p = 99).  

In terms of mixed efficiency (θ(PS&E)), fresh peas (p = 122), spelled (p = 92) and winter rapeseed 
(p = 82) were in the lowest-ranked positions. 

4.2. The Structure of Production Costs and Attained Efficiencies 

The last point of the analysis is to show how the structure of costs for the most efficient crops 
differs from that of the least efficient in terms of economic, energy and mixed efficiency. The forward 
stepwise regression was applied to determine which specific costs from the database significantly 
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affect the level of each efficiency as mentioned above. All cost categories from the database (39 
categories) were considered. The model incorporated variables such as crop yield and sale prices of 
agricultural products, in addition to these costs. 

Apart from the outlays incurred, economic efficiency is influenced by production costs and the 
value of production, which in turn is a product of crop yield and price. Energy efficiency is affected 
by costs and crop yield only (the energy value of the crop yield). This dependence was confirmed by 
the results of the stepwise regression presented in Table 4. The effect of price levels in the case of 
agricultural products proved to be significant only in the case of economic efficiency, while crop yield 
was substantial in all three analysed efficiencies.  

Based on the results of stepwise regression, it may be stated that labour costs (both of own and 
hired labour) and land cost negatively affected the level of each of the analysed efficiencies. Costs of 
grain drying and land improvement have a negative effect only on economic efficiency. 

We need to focus on direct costs, whose parameter values are positive; they include, e.g. 
irrigation costs (positively correlated with economic efficiency). This means that water limits the full 
utilisation of incurred outlays. In turn, herbicides and potassium fertiliser positively correlate with 
energy efficiency, while herbicides were only correlated with the mixed economic and energy 
efficiency. A higher potassium fertilisation level and higher outlays on herbicide treatments improve 
these efficiencies.  

Table 4. Values of linear coefficients obtained from forward stepwise regression. 

Explained variable θ(PS) θ(E) θ(PS&E) 
R2 0.7772 0.7049 0.6589 

Explanatory variables bn bn bn 
Absolute term 1.052546* 1.108250* 1.050565* 

BC_Building depreciation   -0.000454   
BC_Building finance debt -0.009917  -0.008200 

BC_Building finance equity 0.009178  -0.007763* 
Crop Price 0.000658* -0.000090 0.000141 
Crop Yield 0.039470* 0.054857* 0.046495* 

DC_Crop Insurance net cost  -0.003423* -0.001787 
DC_Dry energy cost -0.001460*   

DC_Finance cost debt field inventory  -0.014362* -0.008890* 
DC_Fungicides  -0.000526 -0.000306 
DC_Herbicides  0.000819* 0.000659* 

DC_Irrigation cost (var.) 0.000903*  0.000450 
DC_Lime -0.001365   

DC_Nitrogen -0.000777 -0.000557 -0.000781* 
DC_Other direct costs -0.003473* -0.000362* -0.000382* 

DC_Other fertilizer costs -0.003281* -0.001168 -0.001079 
DC_Phosphorus 0.001210   

DC_Potash -0.001719* 0.001893* 0.000775 
DC_Seeds -0.000535 -0.001271* -0.000929* 

LC_land cost -0.000381* -0.000225* -0.000175* 
LC_land improvement -0.007769*   

MC_Farm accounting cost -0.007461* 0.008664* 0.004722* 
MC_Farm advisory cost 0.014145* -0.014721*  

MC_Farm insurance (related to activities) -0.005514 -0.006588* -0.005666* 
MC_Farm insurance (related to inventory)  -0.002744* -0.002103* 

MC_Farm office cost  -0.000774  
MC_Farm tax (related to inventory) -0.001768* -0.000525  

MC_Other farm costs -0.001492   
OC_ machinery finance equity -0.006388* -0.003686* -0.001738 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2024                   doi:10.20944/preprints202406.1722.v1

https://doi.org/10.20944/preprints202406.1722.v1


 9 

 

OC_ machinery repairs   -0.000147   
OC_Contractor -0.000155 -0.000593* -0.000467* 

OC_Family labor -0.001928* -0.000537* -0.000882* 
OC_Hired labor -0.001092* -0.000554* -0.000693* 

OC_machinery depreciation cost 0.000678   
OC_Other energy costs  -0.001561 -0.000383 

1 The authors’ calculations are based on forward stepwise regression results and raw data from the agri 
benchmark database [24]. Results marked by one asterisk correspond to their significance based on the level 
used α=0.05. 

A positive effect on the level of economic efficiency is also found for costs of advisory services. 
The higher the outlays on the farm advisory services, the greater the economic efficiency. 
Furthermore, among costs significantly affecting efficiency, there were no cost categories such as 
depreciation of buildings and building repair costs, fuel costs and machine depreciation and repair 
costs. Financing input costs, i.e. production factors, also play a certain role. 

Other direct costs (e.g. potato sorting and grading, transport and cleaning of sugar beets) proved 
to significantly influence all efficiency categories, which again shows that the level of these outlays 
should not be neglected. 

5. Discussion 

Farms equipped with basic factors of production (fixed costs) may realise various production 
goals. In the decision-making processes, economic factors are usually decisive [29,30]. However, after 
farmer’ economic security, energy security is important for society (including farmers) [8]. This 
dependence is presented in the following diagram (Figure 2). 

 
Figure 2. Economic efficiency and energy efficiency in present-day Europe. 

The analysis finds that certain crops guarantee both the abovementioned security criteria. The 
most efficient crops in terms of economic and energy efficiency are those considered niche crops, 
given their cropped area, i.e. oats, peas and winter rye. These results confirm the theses of other 
researchers formulated at a more general level [31]. 

The high efficiency of niche crops can be explained by the fact that their production technology 
is extensive in character, with a limited number of cultivation and tillage operations, resulting in 
relatively low labour intensity and machine use [24]. Furthermore, farms growing these crops could 
maintain an adequate combination of inputs to reach desirable effects, which proved to be the most 
efficient. Moreover, these crops are grown in relatively large farms, meaning they may rationally 
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utilise labour resources and machinery. In smaller farms, particularly family farms where resources 
per 1 ha are much greater, this is more difficult to attain [32,33].  

The analyses also identified the crops providing high energy efficiency, exceeding economic 
efficiency, including sugar beets, maize and winter barley. This indicates that under current economic 
conditions, they are not adequately valued by the market. However, when needed to meet energy 
demands for the production of non-food goods, these crops may constitute an efficient energy source 
for the local populations [13,34]. Market failure may occur because it does not broadly consider the 
public interest. For this reason, it is important to create a rational policy supporting cultivation of 
these crops, whose production effectively combines the goals and interests of both producers and the 
general population.  

The study also showed that some crops, whose cultivation area accounts for a considerable share 
in the cropping structure, were relatively inefficient, both economically and in terms of energy. An 
example is winter rape [35]; although it fails to attain a satisfactory level of both investigated 
efficiencies (its cultivation technology is simply relatively expensive) and its substitutes are available 
in some countries (e.g. sunflower), rape continues to have a considerable share in the cropping 
structure of farms [36]. Such a situation may be an example of centrally controlled targeted demand 
for selected agricultural raw materials. Despite the lack of considerable economic or energy efficiency, 
considerable amounts of rape are used as a biocomponent for the production of biofuels [37]. Given 
the above, further studies are required to investigate potential improvement of crop efficiency, which 
demand is controlled and regulated by political decisions.  

This study also included an analysis of the production cost structure for investigated crops to 
indicate key factors influencing attained efficiencies. This analysis focused on these cost categories, 
which increase caused an improvement in efficiency. Economic efficiency is improved by increasing 
outlays on irrigation, while energy efficiency is enhanced by increasing outlays on herbicides and 
potassium fertilisation. Attempts to increase yields thanks to increased outlays on potassium 
fertilisation improves energy efficiency, although it may also decrease economic efficiency.  

Finally, it is important to acknowledge the role of other direct costs in the cost structure. As 
shown by the analysis, these costs significantly affect the level of attained production efficiency [38].  

Additionally, costs having no significant effect on efficiency included such categories as building 
depreciation and repair costs, fuel costs and machinery depreciation and repair costs. However, this 
does not mean that these costs were low; rather, it indicates that they need to be treated as fixed costs, 
incurred regardless of the volume or type of production. As shown in other studies, they result from 
the specific character of agricultural production in Europe [38–40]. 

6. Conclusions 

The analyses showed that up until now, there has been no strong relationship between economic 
efficiency and energy efficiency. Thus, the recommendations suggesting how to attain economic and 
energy security were based on a model to uniformly combine the interests of farmers (economic 
efficiency) and the general population (energy efficiency).  

These analyses showed that, despite the low correlation between energy and economic 
efficiencies attained by the investigated farms, these crops are now being grown, combining the 
abovementioned goals. Maximising economic and energy efficiencies is met by the production 
technology of such crops as oats, peas and winter rye. This conclusion indicates that at present, 
certain technological solutions ensure high energy efficiency without harming the financial 
performance of farms. 

Economic efficiency evaluated on the basis of earned profit excluding subsidies proved to be 
strongly correlated with efficiency based on profit earned including subsidies. This means that 
subsidies do not play a key role in EU farm efficiency. It was also shown that crop yield is a key factor 
in attaining economic efficiency and energy efficiency; in the case of economic efficiency, a significant 
role is also played by the market price for the products.  

This study also showed that improved involvement of certain outlays, resulting in increased 
production, also leading to improved efficiency. For example, increased outlays on irrigation or farm 
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advisory services improve economic efficiency, whereas increased outlays on potassium fertilisation 
improve both economic and energy efficiency. 

The positive effect of outlays on farm advisory services on economic efficiency indicates that, 
despite progress on automation and technical change in agriculture, specialist knowledge continues 
to be a factor enhancing production efficiency, providing an optimal combination of factors of 
production for specific farming conditions.  

Author Contributions: Conceptualization, P.B. and L.B.M.; methodology, L.B.M.; formal analysis, L.B.M.; 
investigation, P.B. and L.B.M.; resources, P.B.; writing—original draft preparation, P.B. and L.B.M.; writing—
review and editing, P.B. and L.B.M.; visualization, L.B.M. All authors have read and agreed to the published 
version of the manuscript.  

Data Availability Statement: The raw data supporting the conclusions of this article will be made available by 
the authors on request. 

Conflicts of Interest: The authors declare no conflicts of interest.  

References 

1. Smil, V. World History and Energy. Encycl. Energy 2004,vol. 6, pp. 549–561, doi: 10.1016/b0-12-176480-
x/00025-5. 

2. OECD, Energy, 2011. Available online: https://www.oecd.org/greengrowth/greening-energy/49157219.pdf: 
(accessed on 20 May 2024) 

3. Ahmad, T.; Zhang, D. A critical review of comparative global historical energy consumption and future 
demand: The story told so far. Energy Reports 2020, vol. 6, pp. 1973–1991, doi: 10.1016/j.egyr.2020.07.020. 

4. Hauschild, M. Z.; Rosenbaum, R. K.; Olsen, S. I. Life cycle assessment: theory and practice. Springer: Cham, 
2018. 

5. Owjimehr, S.; Emami Meybodi, M.; Jamshidi, N. Can geopolitical risk improve energy efficiency in 
European countries? Energy Strateg. Rev. 2023, vol. 49, June, p. 101145, doi: 10.1016/j.esr.2023.101145. 

6. Russell M. Energy security in the EU’s external policy in-depth analysis. European Parliamentary Research 
Service 2020, March, doi: 10.2861/10775. 

7. Román, A. A. Food security in 2023: EU response to an evolving crisis. European Parlamentary Research 
Service 2023. Available online: https://epthinktank.eu/2023/03/02/food-security-in-2023-eu-response-to-an-
evolving-crisis/ (accessed on 23 May 2024). 

8. Tutar, H.; Sarkhanov, N.; Guliyeva, T. Eastern Mediterranean area in energy security of the European 
Union: from sea border issues to economic conflicts of interest. Int. J. Energy Econ. Policy 2022, vol. 12, no. 
1, pp. 332–341, doi: 10.32479/ijeep.12602. 

9. Fischer Boel, M. Common Agricultural Policy and Lisbon Strategy (Meeting with FIPs, Paris). European 
Commision, Press Corner 2005. Available online: 
https://ec.europa.eu/commission/presscorner/detail/en/SPEECH_05_198 (accessed on 23 May 2024). 

10. Swinnen, J. F. M. The perfect storm: the political economy of the Fischler Reforms of the Common Agricultural 
Policy; Centre for European Policy Studies, Brussels, Belgium, 2008. 

11. Błażejczyk-Majka, L. CAP After 2004: Policy to Promote Development or to Elimination Differences 
Between Regions? Non-parametric Approach Based on Farm Efficiency in the Old and New EU Regions. 
Agris On-line Pap. Econ. Informatics 2022, vol. 14, no. 2, pp. 31–47. 

12. Firrisa, M. T.;  van Duren, I.; Voinov, A. Energy efficiency for rapeseed biodiesel production in different 
farming systems. Energy Effic. 2014, vol. 7, no. 1, pp. 79–95, doi: 10.1007/s12053-013-9201-2. 

13. Paris, B.; Vandorou, F.; Balafoutis, A.T.; Vaiopoulos, K.; Kyriakarakos, G.; Manolakos, D.; Papadakis, G. 
Energy use in open-field agriculture in the EU: A critical review recommending energy efficiency measures 
and renewable energy sources adoption. Renew. Sustain. Energy Rev. 2022, vol. 158, no. August 2021, p. 
112098, doi: 10.1016/j.rser.2022.112098. 

14. Food balance sheets. A handbook. Food and Agriculture Organization of the United Nations, Rome, Italy, 2001. 
15. Koopmans, T. C. An analysis of production as an efficient combination of activities. In Activity analysis of 

production and allocation: proceedings of a conference, Cowles Com., Koopmans, T. C. Ed.; Wiley: New York: 
USA, 1951, pp. 33–98. 

16. Debreu, G. The Coefficient of Resource Utilization. Econometrica 1951, vol. 19, no. 3, pp. 273–292. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2024                   doi:10.20944/preprints202406.1722.v1

https://doi.org/10.20944/preprints202406.1722.v1


 12 

 

17. Charnes, A.; Cooper, W.W.; Rhodes, E. Measuring the efficiency of decision making units. Eur. J. Oper. Res. 
1978, vol. 2, no. 6, pp. 429–444. 

18. Coelli, T. J.; Battese, G.E.; Donnell, C. J. O.; Rao, P. D. S. An introduction to efficiency and productivity analysis, 
Springer: New York, USA, 2005. 

19. Thanassoulis, E.;  Portela, M. C. S.; Despić, O. Data Envelopment Analysis: The Mathematical 
Programming Approach to Efficiency Analysis. In The Measurement of Productive Efficiency and Productivity 
Growth, Fried, H. O.; Lovell, C. A. K.; Schmidt, S. S. Eds.; Oxford University Press: New York, USA, 2008. 

20. Coelli, T. J. A Guide to DEAP Version 2.1: A Data Envelopment Analysis (Computer) Program 1996. Available 
Online: https://www.owlnet.rice.edu/~econ380/DEAP.PDF (accessed on 23 May 2024). 

21. Centre for Efficiency and Productivity Analysis. Software. Available online: 
https://economics.uq.edu.au/cepa/software (accessed Sep. 28, 2023). 

22. GRM Introductory Overview - The Forward Stepwise Method. In Data Science Textbook, TIBCO, 2023. 
23. Hill, T.; Lewicki, P. Statistics: methods and applications. A comprehensive reference for science, industry, and data 

mining; StatSoft: Tulsa, USA, 2006. 
24. agri benchmark, Cash Crop (database). Available online: http://www.agribenchmark.org/cash-crop.html 

(accessed on 10 January 2023). 
25. agri benchmark Cash Crop Report 2011; Thünen Institute: Braunschweig, Germany, 2011. 
26. Zimmer, Y.; Deblitz, C. agri benschmark Cash Crop: A standard operating procedure to define typical farms; 

Thünen Institute: Braunschweig, Germany. 2005. Available online: 
https://literatur.thuenen.de/digbib_extern/dk038513.pdf (accessed on 23 May 2024). 

27. Regulation (EU) No 1307/2013. Off. J. Eur. Union 2013, vol. L 347, no. 20, December, pp. 608–670. 
28. Regulation (EU) No 1307/2013 of the European Parliament and of the Council of 17 December 2013 

establishing rules for direct payments to farmers under support schemes within the framework of the 
common agricultural policy and repealing Council Regulation. Off. J. Eur. Union 2013, vol. L 347, no. 20, 
December, pp. 608–670. 

29. Swinnen, J. F. M.; Rozelle, S. From Marx and Mao to the market: the economics and politics of agricultural 
transition; Oxford University Press: Oxford, Great Britain, 2006. 

30. Moutinho, V.; Madaleno, M.; Macedo, P.; Robaina, M.; Marques, C. Efficiency in the European agricultural 
sector: environment and resources. Environ. Sci. Pollut. Res. 2018, vol. 25, no. 18, pp. 17927–17941, doi: 
10.1007/s11356-018-2041-z. 

31. Czyżewski, B.; Matuszczak, A.; Grzelak, A.; Guth, M.; Majchrzak, A. Environmental sustainable value in 
agriculture revisited: How does Common Agricultural Policy contribute to eco-efficiency? Sustain. Sci. 
2021, vol. 16, no. 1, pp. 137–152, doi: 10.1007/s11625-020-00834-6. 

32. Błażejczyk-Majka, L.; Kala, R.; Maciejewski, K. Productivity and efficiency of large and small field crop 
farms and mixed farms of the old and new EU regions. Agric. Econ. (Czech Republic) 2011, vol. 58, no. 2, pp. 
61–71, doi: https://doi.org/10.17221/48/2011-AGRICECON. 

33. Strzelecka, A.; Zawadzka, D. Does Production Specialization Have an Impact on the Financial Efficiency of 
Very Small Farms. In Proceedings of the 36th International Business Information Management Association 
Conference (IBIMA), 4-5 November 2020 Granada, Spain, Soliman, K. S. Ed.; International Business 
Information Management Association (IBIMA): King of Prussia, USA, 2020, pp. 4–5. 

34. Wojcieszak, D.; Przybył, J.; Czajkowski, Ł.; Majka, J.; Pawłowski, A. Effects of Harvest Maturity on the 
Chemical and Energetic Properties of Corn Stover Biomass Combustion, Materials (Basel). 2022, vol. 15, no. 
8, pp. 1–12, doi: 10.3390/ma15082831. 

35. Forleo, M. B.; Palmieri, N.; Suardi, A.; Coaloa, D.; Pari, L. The eco-efficiency of rapeseed and sunflower 
cultivation in Italy. Joining environmental and economic assessment. J. Clean. Prod. 2018, vol. 172, Jan., pp. 
3138–3153, doi: 10.1016/J.JCLEPRO.2017.11.094. 

36. Crop production in EU standard humidity; Eurostat: Brussels, Belgium 2023. Available online: 
https://ec.europa.eu/eurostat/databrowser/view/apro_cpsh1/default/table?lang=en (accessed on 23 May 
2024). 

37. Zentková, I., Cvengrošová, E. The Utilization of Rapeseed for Biofuels Production in the EU. Visegr. J. 
Bioeconomy Sustain. Dev. 2013, vol. 2, no. 1, pp. 11–14, doi: 10.2478/vjbsd-2013-0002. 

38. Boczar, P.; Błażejczyk-Majka, L. Efficiency of European Union wheat producers on world market and 
analysis of its determinants based on the data envelopment analysis method. Agric. Econ. (Czech Republic) 
2022, vol. 68, no. 12, pp. 455–463, , doi: 10.17221/267/2022-AGRICECON. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2024                   doi:10.20944/preprints202406.1722.v1

https://doi.org/10.20944/preprints202406.1722.v1


 13 

 

39. Jarosz-Angowska, A. Zmiana znaczenia rolnictwa Unii Europejskiej na tle gospodarki światowej w latach 
2000‒2012. Ann. Univ. Mariae Curie-Skłodowska, Sect. H – Oeconomia 2015, vol. 49, no. 2, p. 61, doi: 
10.17951/h.2015.49.2.61. 

40. Vasile, J. A.; Panait, M.; Alecu, A. Transformations of European agricultural sector, market and model 
under the influence of Common Agricultural Policy. MPRA Pap. 2016, vol. 69556, University Library of 
Munich, Germany. 

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those 
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) 
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or 
products referred to in the content. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 June 2024                   doi:10.20944/preprints202406.1722.v1

https://doi.org/10.20944/preprints202406.1722.v1

