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The Study on Energy Independence (Autonomy) 
of an Agricultural Enterprise Assurance 

Natalia Pryshliak 1, Natalia Zdyrko 2, Andrii Shynkovych 1, Natalia Koval 1

1 Department of Administrative Management and Alternative Energy Sources, Vinnytsia National Agrarian 
University, 21008, 3 Sonyachna Str, Vinnytsia, Ukraine 

2 Department of Accounting and Auditing, Vinnytsia National Agrarian University, 21008, 3 Sonyachna Str, 
Vinnytsia, Ukraine 

Abstract – Ukraine’s agriculture plays a leading role 
in ensuring the country’s food and energy security 
through its bioenergy potential. Although, having 
significant available biomass of agricultural 
production, the country’s agricultural sector 
demonstrates the slow development of enterprises and 
production of final products - biofuels. The use of the 
bioenergy potential of agriculture is seen as one of the 
components of the strategy of sustainable development. 
The practical value of the study is reflected in the fact 
that government bodies can use the results of the study 
to improve the activities of domestic agricultural 
enterprises and to develop biofuel production from 
agrobiomass waste. The study shows what aspects need 
to be improved, and draws the attention of the 
management of agricultural enterprises to review some 
of the features of the production and use of biofuels in 
order to ensure the level of their energy autonomy and 
enable them to achieve the goals of ensuring and 
increasing the efficiency of the main production.  

The purpose of this study is to investigate the 
potential, awareness and current state of agricultural 
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waste in small and medium-sized agricultural 
enterprises, using the most acceptable, appropriate and 
reliable way. 

Keywords – agrobiomass, waste, biofuel, biogas, 
energy autonomy. 

1. Introduction

Now there is a lot of experience in the use of 
agricultural waste for energy purposes. The energy 
sector has a real prospect of gradually replacing 
fossil fuels with biofuels made from agrobiomass 
in transport, industry and utilities. Biofuels have 
been introduced 25 years ago and its use has 
shown constant increase [6]. More and more 
countries are developing the production of biofuels 
on an industrial scale and are developing national 
programs for the development of bioenergy at the 
state level. Biofuels are an outstanding instance of 
renewable energy which can be produced using 
biological organisms which will ultimately cause a 
reduction in dependence on fossil fuels [7]. 
Unfortunately, the pace of bioenergy development 
in Ukraine lags far behind world indicators. 

In modern conditions, agriculture uses 
technological processes that generate significant 
amounts of waste. Inefficient waste management 
often has negative environmental consequences. 
The problem of agricultural waste in Ukraine is of 
particular importance due to the lack of timely 
response to the challenges associated with 
inefficient waste management. Powerful volumes 
of resource use of the national economy in 
combination with outdated technological base 
cause high rates of waste generation and 
accumulation. Uncontrolled and increasing 
accumulation of waste leads to an exacerbation of 
the environmental crisis and the deterioration of the 
socio-economic situation in society. These factors 
necessitate the reform and development of the 
waste management system taking into account 
domestic and international experience, as well as 

https://doi.org/10.18421/TEM111-51
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the legal and economic system governing the use of 
natural resources in general and agrobiomass waste 
management in particular. The high level of 
agricultural waste generation and the low efficiency 
of their use as secondary resource have led to the 
fact that in Ukraine annually significant volumes of 
agrobiomass waste accumulate in agriculture, which 
is why only a small part is being used as feedstock 
for the production of biofuel, the rest is 
accumulated in open space. At the same time, 
harmful substances enter the soil and groundwater, 
polluting the environment. 

The study reflects the assessment of the problem of 
awareness of managers of small and medium-sized 
agricultural enterprises regarding the potential, 
awareness and current state of the use of agricultural 
waste, using the most acceptable, appropriate and 
reliable way. 
 
2. Literature Review 

 
The development of conceptual bases and 

scenarios of modelling of environmental safety in the 
system of sustainable development today is an 
important direction of researches [11]. Biofuel 
production and waste-free technologies make a 
significant contribution to environmental and energy 
security as components of sustainable development. 

Issues related to biofuels are widely studied in the 
world, taking into account the supply and demand of 
the energy resources market, expectations regarding 
the further development of the bioenergy sector, as 
well as greenhouse gas emissions. At the same time, 
the classification of various types of biofuels has 
been actively carried out to meet the needs of 
transport. Predictions of future trends in biofuel 
demand and the long-term potential for the 
production and use of biomass and biofuels are high 
on current research.  

Biomass is used all over the world for the 
production of thermal energy as well as for the 
operation of transport [8]. Adequate resources are 
needed to increase biomass production in the future. 
There are many studies currently underway to 
determine and predict the future availability of 
biomass, but the results of such studies are not 
unambiguous [22]. 

Most of the studies carried out have focused on the 
assessment of the “technical potential of biomass”, 
which determines the amount of biomass for energy 
use according to the technical framework conditions 
[16]. The limitations of such research include 
different criteria based on structural, legal, 
environmental or social factors. Since the technical 
potential is sufficiently stable over time, it is often 
widespread to represent the potential of biomass [23]. 

A wide range of problematic issues, the lack of 
systemic knowledge about the possibilities of using 
and methods of producing biofuels based on the 
processing of waste from agricultural enterprises, as 
well as the inconsistency of political goals and 
business interests related to problematic aspects of 
biofuel production and its use, mean that interest in 
these issues is growing [8]. 

Various waste management scenarios are being 
implemented today, including the energy use. One of 
the directions of the innovation scenario for the 
development of solid domestic waste management is 
the use of the organic part of waste from landfills for 
biogas production [1]. Biogas production is an 
important area of providing agricultural enterprises 
with energy resources.   

Compared to the current state of the use of biomass 
for energy supply, studies by many scientists indicate 
a slight increase in the near future, but the results 
also contain some differences, especially in the 
expected potential of energy crops [20]. 

This is largely the case for first-generation biofuels 
made from energy crops. An additional source of 
biomass is forests and lignocellulosic biomass 
residues, for which biofuel processing technologies 
are still being developed [21]. 

The most important drivers of uncertainty in this 
area are the growth of world population and food 
consumption per capita, driven by world economic 
development. An important factor is the growth in 
food, feed and biomass production. Climate change 
also has a significant impact on agricultural 
production, but the impact is difficult to quantify [14]. 

Reducing the availability of land is an important 
factor in the formation of biomass potential. This 
decrease can be the result of land degradation, urban 
sprawl and inappropriate agricultural practices. Land 
loss is expected to reach 20% by 2050 [15]. 

By expanding the resource base for the production 
and consumption of biofuels, there is a transition 
from the production of heat and / or electricity to the 
actual production of biofuel. For this, the necessary 
conditions are the availability of production 
equipment and technologies and the ability to 
administer and manage production. Many countries 
around the world intend to increase their own 
bioenergy resources [5]. It is also worth adding that 
the availability of biomass from other sources 
remains limited [24]. 

Biomass production processes are characterized by 
a significant number of disadvantages, as evidenced 
by the results of many studies on the energy and 
economic efficiency of growing bioenergy crops. In 
this context, significant attention is required for 
measures to increase the yield of these crops. 
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The use of energy crops as a feedstock for biofuel 
production has a number of advantages, which 
include: the possibility of natural gas substitution, 
reducing the cost of energy, land reclamation, 
decarbonization, reducing emissions, and economic 
growth [10]. 

Valuable contribution to the study of biofuel 
production and consumption in Ukraine has been 
made by scientists at Vinnitsa National Agrarian 
University. Various scientists studied state regulation 
in agriculture and biofuels sector of Ukraine, as well 
as world experience in this field [17], [18], [20].  

This study is the continuations of previous 
researches of the authors [19]. The greatest 
problematic aspect in this area remains the search for a 
way to ensure the economic efficiency of biofuels and 
energy autonomy of production, while maintaining 
environmental friendliness and, in particular, social 
responsibility. If these issues are resolved, the global 
energy profile will change for the better. Also, key 
factors can affect trade, since almost identical energy 
sources can be obtained domestically, rather than 
imported from abroad. Now, researchers around the 
world continue to invest time and money in finding 
ways to ensure economic efficiency of biofuels and 
energy autonomy of production. 

 
3. Materials and Methods 

 
Based on the results of previous research [19], the 

hypotheses of our study can be formulated as 
follows: 

 

H.1. Agricultural enterprises spend significant 
funds on the purchase of fuel and energy resources, 
which affects the cost of final products. 

H.2. Agricultural enterprises have a significant 
potential for crop waste and livestock byproducts for 
biofuel production. 

H.3. The bioenergy potential of agricultural 
enterprises is represented by the feedstock 
component (waste that can be used for biofuel 
production). 

H.4. The available bioenergy potential is 
practically not used. 

H.5. The level of awareness about the possibilities 
of waste-based biofuel production is low; it is 
slightly higher among managers under the age of 45 
and with higher education. 

H.6. The main source of information on the 
possibilities of energy use of waste is the media. 

H.7. The heads of enterprises do not have 
information about state support for bio-production at 
a level sufficient for practical activity (legislation, 
support programs, tax and other benefits, “green” 
tariff, the possibility of using credit support from 
international financial organizations). 

 

In the context, the potential, awareness and current 
state of the use of agricultural waste to ensure the 
energy autonomy of agricultural enterprises can be 
explored with two approaches: a professional 
technical approach, and a professional administrative 
approach. The potential, awareness and current state 
of the use of agricultural waste are determined in 
accordance with a technical approach, taking into 
account the technologies of harvesting bioenergy 
crops and their processing into energy in accordance 
with the latest world developments, scientific 
methods and experience. As for the professional 
administrative approach, it reflects how effectively 
the resources available in agricultural enterprises 
have been used to ensure their energy autonomy. 

The research model, as summarized in Figure 1, 
examines the impact of measuring the potential, 
awareness, readiness and current state of use of 
agricultural waste on the energy independence of the 
agricultural enterprise. The potential of the enterprise 
for the production and use of biofuels is 
characterized by awareness in the field of production 
and use of biofuels; readiness of the production base 
of the enterprise for the production and use of 
biofuels; readiness of the administrative staff of the 
enterprise for the production and use of biofuels; the 
state of implementation of biofuel production in an 
agricultural enterprise; social responsibility. 

 

 
 

Figure 1. Conceptualization of research 
Source: compiled by the authors 

 
The research was carried out by scientific and 

pedagogical workers of the National University of 
Bioresources and Environmental Management of 
Ukraine and Vinnitsa National Agrarian University. 
In the study, a questionnaire was used to collect data 
from the beginning of April to June 2020. Among the 
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were filled in and returned, of which 22 
questionnaires were damaged, 354 questionnaires 
were found suitable for statistics. The largest group 
of respondents (147 respondents) 41.53% were over 
the age of 50. The next largest group (78 
respondents) 22.03% were between the ages of 30 
and 40. The next largest group of respondents (72 
respondents) 20.34% from 40 to 50 years old and a 
small group of respondents who were under 30 years 
old (57 respondents) 16.1%. In terms of educational 
level, with a secondary education diploma, 26.27% 
of respondents were surveyed (93 respondents). The 
largest group of respondents are respondents with a 
bachelor’s degree (207 respondents) (58.47%). 
Masters (specialists) made up (54 respondents) 
15.26% of heads of agricultural enterprises (Table 1). 

 
Table 1. Characteristics of the sample 
 

 Frequency Percentage,% 
1 – Age 

Under 30 years 57 16,1 
From 30 to 40 years 78 22,03 
From 40 to 50 years 72 20,34 
Over 59 years 147 41,53 

2 - Level of education 
Secondary education 93 26,27 
Bachelor’s degree 207 58,47 
Master’s degree  54 15,26 

 

Source: compiled by the authors 
 
The questionnaires for this study contained two 

variables and were developed using measurement 
scales adopted from previous studies. These variables 
include the potential for the production and use of 
biofuels and the energy autonomy of the agricultural 
enterprise. The potential for the production and use 
of biofuels was measured against five criteria, 
according to which specific questions were 
developed: “Does your enterprise generate crop 
waste?”, “Does your enterprise generate livestock 
by-products?”, “Do you own the intellectual property 
rights for the production of biofuels?”, “Does your 
enterprise have free funds that can be invested in 
innovations?”, “Do you have integrated functions of 
innovation activity in the organizational structure of 
your enterprise?”. The energy autonomy of an 
agricultural enterprise was measured according to six 
criteria with corresponding questions. For example: 
“A relatively small share of fuels and lubricants, 
electricity and natural gas in the production costs of 
your company”. The measurements were carried out 
using a five-point Likert scale, where “5” means 
“strongly agree” and “1” means “strongly disagree”. 
 
4. Results and Discussion 
 

The reliability of the research instrument 
(questionnaire) has been determined by two 
characteristics: stability and consistency. To measure 
the consistency of respondents’ answers to the 

questionnaire, we used the Cronbach Alpha internal 
consistency test. The value of the test result indicates 
the degree of stability and can range from (0 to 1), a 
value at the level of 60% and above is considered 
acceptable (Hair et al, 2006). The reliability indicators 
of the research instrument design are given in Table 2. 

 
Table 2. Cronbach’s Alpha test results 
 

Conceptual part 
Number of 

units 
Cronbach 

Alpha 
Potential for biofuel 
production and use 

24 0.80 

Awareness of biofuel 
production and use 

9 0.75 

Readiness of the production 
base of the enterprise for the 
production of biofuels 

4 0.83 

Readiness of the 
administrative apparatus for 
the production of biofuels 

4 0.78 

The state of the introduction 
of biofuel production 

4 0.84 

Social responsibility 3 0.76 
Energy autonomy of an 
agricultural enterprise 

6 0.73 
 

Source: compiled by the authors 
 

The study began with exploratory factor analysis 
(EFA) to validate a proposed questionnaire to 
measure the potential for agricultural production and 
use of biofuels. The analysis was carried out using 
varimax transformation and major axis factoring. As 
a rule, elements with a load factor (<0.5) are 
discarded. In this study, all elements had a load 
factor value > 0.5. 

In this study, the questionnaire was validated on 
the basis of the confirmatory factor analysis (CFA) 
method proposed for use in similar studies by 
Byrne [4] and Kline [12]. A second-order 
confirmatory factor model was used to validate the 
design based on the maximum likelihood method. 
Confirmatory factor analysis has been based on 
comparing the variance-covariance matrix obtained 
from the sample and the matrix obtained from the 
model (Table 3). 

 
Table 3. Final statistical indices for the CFA model 
 

Model EA 
X2 315.852 
df 72.3 
P 0.000 

Cmidf 4.368 
RMSEA 0.057 

CFI 0.905 
P / Evaluation (0.62-0.97) 

All loadings were statistically significant at an alpha level 
of p = 0.05 

 

Source: compiled by the authors 
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Figure 2. Block diagram of the second-order CFA modeling 
Source: compiled by the authors 

 

 
 

Figure 3. The complete structure of the model for assessing the awareness of heads of agricultural enterprises about the 
possibility of producing biofuels from waste 

Source: compiled by the authors 
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To test the hypothetical model shown in Figure 2 
and Figure 3, for each of the measurements of 
potential for production and use of biofuels (PPUB) 
and energy autonomy of the agricultural enterprise, 
the indicator of variables were the relevant factors 
determined by the confirmatory factor analysis. 
Commonly used criteria for model suitability are хі -
square (x2), suitability index (GFI), adjusted 
suitability index (AGFI), comparative suitability 
index (CFI), and standard error (RMSEA) [9], [13]. 

 
Table 4. Final statistical indices for the complete structure 
of the model 

 

Model EA – energy autonomy 

x2 562.34 
df 148.82 
P 0.001 

Cmidf 3.778 
RMSEA 0.0602 

CFI 0.916 
P/Evaluation (0.60-0.90) 

 

Source: compiled by the authors 
 

The data in Table 4 confirm the adequacy of the 
model. The хі -square rate (Cmin / df) is lower than 5 
[2], RMSEA <0.08 and CFI> 0.9 [3], which is 
acceptable. All parameters of the model are 
statistically significant and practically justified, the 
load factors ranged from 0.60 to 0.90, which is 
greater than 0.5, as recommended [4]. The 
relationships between the two main variables are 
considered significant, Cmidf > 1.96. All estimates 
are statistically significant and well-founded, and 
their value is an acceptable guide for proving the 
existence of direct and indirect relationships. 
 
5. Conclusion 
 

The results of a marketing study of a group of 
agricultural enterprises in Ukraine to determine the 
potential, awareness, and current state of use of 
agricultural waste to ensure energy autonomy of 
agricultural enterprises confirmed that the specific 
costs of agricultural enterprises for fuel and energy 
resources remain quite high. At the same time, 
agricultural enterprises generate a variety of wastes 
as a result of their main activity, which has a 
significant potential for biofuel production. 

 

 The undertaken study is based on the results 
obtained earlier in the test sample of agricultural 
enterprises [21]. Comparison of the results obtained 
in this study with the results of previous studies 
showed the following: 
 
 

 Costs of agricultural enterprises include on 
average about 20% of costs for fuel and energy 
resources (coal (2%), natural gas (22%), firewood for 
heating (2%), gasoline (16%), diesel fuel) 56%), oils 
and lubricants (2%)), which confirms hypothesis 1; 
 Agricultural enterprises are producers of by-

products (waste) of crop production (cereals (80%), 
sugar beets – (55%) and molasses (45%), less 
important – potatoes (35%), Jerusalem artichokes 
(30%), chicory) 20%)) and stockbreeding (animal 
manure (85% of enterprises engaged in 
stockbreeding) and poultry manure (45% of 
enterprises engaged in stockbreeding)), which 
confirms the potential of biofuel production and 
confirms hypothesis 2, 3 and 4. It should be noted 
that bird droppings, which are formed on poultry 
farms on a large scale, are a source of pollution of the 
atmosphere with ammonia, and the hydrosphere  with 
ammonium ions. However, the spread of anaerobic 
fermentation technology with the formation of biogas 
allows you to fully realize the potential of energy or 
fuel production. Animal manure and bird droppings 
(chickens) are purchased by 20% of the surveyed 
enterprises for use in agriculture, as livestock waste, 
in compliance with harvesting technology, is the 
most concentrated and valuable organic fertilizer, 
which by its chemical composition is among the best 
types of organic fertilizers; 
 The level of awareness about the possibilities 

of biofuel production based on waste is relatively 
satisfactory (on average, 70% of managers of 
surveyed enterprises have knowledge about biofuels 
and their advantages over traditional fuels and 
biofuels that can be created in the agricultural sector, 
and which of them can be produced by agricultural 
enterprises); 
 Among 80% of managers of surveyed 

agricultural enterprises, the idea of possible 
incentives to organize biogas production through 
compensation of a certain part of the cost of 
construction of a biogas plant by the state or the 
possibility of obtaining soft loans for the construction 
of biogas reactors. There is also a need for 
educational work on the benefits of biogas 
production and use and the possibility of 
implementing projects at the level of individual 
agricultural enterprises; 
 The main source of information on the 

possibilities of energy use of waste remained 
universities and the professional environment, which 
confirmed the refutation of hypothesis 6; 
 90% of managers of surveyed enterprises 

reported state support for organic production at a 
level sufficient for practical activities (legislation, 
support programs, tax, and other benefits, “greenˮ, 
which refutes hypothesis 7. 
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 The obtained results allow us to make the 
following generalizations: 
 Volumes of waste generation in the studied 

enterprises are extremely high, which is due to the 
use of outdated technologies, high level of resource 
consumption; 
 There is a tendency to increase the 

accumulation of agricultural waste, which causes a 
negative impact on the environment and public 
health. The peak of agricultural waste generation is 
in 2011 (at the level of 12.4 million tons), after which 
the volumes fall to the value of 2010 and in the 
period 2014-2016. In 2019, the volumes of waste 
generation increased compared to the previous two 
years and amounted to 6, 7 million tons. The share of 
agricultural, forestry, and fishery waste in waste by 
type of economic activity and households in Ukraine 
ranges from 2-3%; 
 Positive trends in crop and livestock waste 

management among the surveyed enterprises are the 
reduction of waste disposal in specially designated 
places or facilities and their further storage in these 
places. However, for certain types of waste that can 
potentially serve as highly efficient raw materials for 
biofuel production (residues from tree pruning and 
planting care, cereal seeds of cereals and crops, 
excrement, urea, and livestock manure), the 
percentage of landfill remains quite significant; 
 The researched enterprises are characterized 

by an inadequate level of waste used as secondary 
raw materials due to the inefficiency of 
organizational and economic approaches to their 
involvement in production; 
 The level of energy use of agricultural waste 

in the studied enterprises remains low, bioenergy 
potential is lost; 
 There are inefficiently implemented 

economic levers in the field of waste management of 
agricultural enterprises. 
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