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Abstract: The issue of the efficiency of food processing enterprises is ever-present because of the
continuous process of improving the quality standards of raw materials, complying with the pro-
cedures in food production, introducing modern production technology, and, above all, due to the
large number of actors who are competing for customers in the domestic and foreign food market.
In the coming years, the Polish food processing sector will be facing significant challenges with
the inevitable slow and gradual decrease in the cost advantages of raw material prices as well as
ready-to-eat products. Manufacturing businesses, in the long run, will need to determine the effi-
ciency, and hence the competitiveness of the Polish food processing sector. The aim of this paper
was to review the domestic and foreign literature in terms of the classification and systematization
of the concept of eco-efficiency and to find the most optimal set of eco-efficiency measures based
on the research in chosen food processing enterprises in Poland. In the theoretical part of the study,
methods of descriptive, comparative, deductive, and synthetic analysis were used. In the practical
part of the study, appropriately selected qualitative methods, such as a questionnaire, were presented.
The results of the analysis were based on the results of the authors” own calculations, as well specific
findings from business practice, both from inland and abroad.

Keywords: effectivity; efficiency; eco-efficiency; food processing sector; Poland

1. Introduction

There are many companies involved in the food supply chain. Each of them bears a
high risk of business activity [1]. Moreover, the problem of the food economy is of great
importance in all regions of the Earth, and in some it causes special problems [2].

Both small family producers and large enterprises have been processing thousands
of tons of food on the food market. For them, one of the basic problems is maintaining
the stability of production and sales. While raw material prices fluctuate throughout the
year, prices for finished goods remain relatively stable. This forces agricultural producers
to adapt them and take into account the seasonality. Some producers try to adapt to the
situation through concentration of and integration between entities in the production
chains. Many studies to date point to the need to analyze this issue, and in particular
the need to analyze the effectiveness of food sector enterprises [3]. Previous research and
empirical observations have led to the following hypothesis: The eco-efficiency of food
processing enterprises results from optimizing the use of energy, water, and waste disposal,
which affects the level of effectivity achieved by the examined enterprises.
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This paper consists of 5 sections: Introduction (problem definition, hypothesis); discus-
sion of the classification of efficiency and eco-efficiency; methodology; results; and conclusion.

1.1. Efficiency in Economic Studies

This part of the paper reviews literature in order to present and make the necessary
comparison of economic efficiency, including eco-efficiency, methods of measurement,
and taking into account the various advantages and disadvantages of its use. The study
applies a method of analysis and reasoning, and in particular the methods of descriptive,
comparative, deductive, and synthetic analysis. The results of the analyses are based on
the results of the author’s research and studies [1,4].

Based on literature [5], it can be concluded that the concept of efficiency consists
of efficiency and flexibility. Efficiency (also known as economic effectiveness) includes
economic, technical, and non-economic efficiency [6]. Furthermore, economic efficiency
is the ratio of the obtained result to inputs. According to the principle of a rational
economy, this means that certain results should be achieved at the lowest expenditures
(costs) possible, or the best possible result should be obtained with a given quantity
of inputs (costs). The higher the efficiency is, the greater the result per unit of effort
is. Efficiency is applied both in assessing the effects which are of a quantitative nature
(as a ratio of the effects to expenditures) and qualitative (as the ability to achieve the
desired effect). Methods commonly used for assessing overall efficiency are based on three
approaches: Relying on ratio, parameters, and non-parameters. Table 1 presents economic
processes according to the criterion of efficiency and effectiveness.

Table 1. Comparison of economic processes according to the criterion of efficiency and effectiveness.

The Economic Process Efficient Inefficient

Both the expenditures of the The effects of the activity are lower

Effective activity and the economic goals  than the inputs, but the economic
have been achieved goals have been achieved
The economic goals have been  The effects of the activity are lower
Ineffective achieved, but the incurred than the inputs, and the economic
expenditures are higher goals have not been achieved

Source: [7] (pp. 39-46).

Economic effectivity is the basic criterion for assessing economic activity [8,9]. The com-
bination of effectiveness and efficiency means that the results of the business outweigh the
costs incurred.

On the other hand, the systemic approach treats efficiency as the ability to shape the
environment in such a way as to support the achievement of goals [10,11]. Enterprises are
systems that are open to the environment to the extent that they need to achieve their goals.
This contributes to their competitiveness. The assessment of the company’s effectiveness
must take into account both the possibility of obtaining resources and their subsequent use.
Food is necessary to sustain life but at the same time it can be a vehicle for transmitting
hazards, causing disease or even death. The economic consequences of contaminated food
may be felt by the public [12].

1.2. Eco-Efficiency in a Sustainable Development Paradigm: Concept, Advantages, and
Constraints of Its Use

The sources of the concept of sustainable development, which is currently being
raised in economic and social sciences, can be found in the natural sciences. In the most
general sense, sustainable development means the ability of an ecosystem to self-renew
basic functions of sustaining various life forms, i.e., species in an unlimited period of
time. This means that the following changes in the ecosystem are characterized by their
evolutionary character; and the expansion of the species does not exceed the absorption
capacity of the given ecosystem [13] (p. 122).
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Although the concept of sustainable development is one of the most commonly
used terms employed to describe contemporary reality, there is no single definition of it
recognized by researchers and practitioners. Dovers and Handmer [14] point to numerous
internal contradictions of the concept itself, and Temple [15] proves that there is no clarity
as to what lies beneath these concepts. Hence, the concept of sustainable development
and sustainable growth is used more often in the English literature. The author, following
the supporters of the concept of sustainable growth, is of the opinion that the concept of
sustainable growth more accurately reflects the complexity and multidimensionality of
this meta-idea, while at the same time not overstating its cognitive value. According to
Florczak [13] (p. 122), sustainable development:

e  Meets the needs of modern generations without compromising on the ability to meet
the needs of future generations [16];

e Improves the quality of human life within the existing limits of environmental capac-
ity [17-19];

o  Creates the principle that the earth’s resources can only be drawn from as much as
it is able to offer over an infinite period of time, taking into account that current
generations will provide future generations with access to the riches of nature no less
than the current generation [20];

e Isassociated with the simultaneous implementation of three objectives: Ecological
sustainability, economic development, and social equity between and within each
generation [21];

e  Means positive changes that do not destroy the social and ecological systems on which
the functioning of societies depends [22];

e  Strives to increase the quality of life of all people, where economic development, social
development and environmental protection are interrelated [23];

e  Eco-development, called sustainable development, is a process involving social and
economic transformations, in which, in order to balance opportunities in access to the
environment of individual societies and their citizens, the present and future genera-
tions’ political, economic, and social activities are integrated with the preservation of
natural balance and durability of basic natural processes [24,25].

e Act on the Protection and Development of the Environment in Poland, 1997; Envi-
ronmental Protection Law Act, 2001. This is due to the fact that in UN standards and
documents Sustainable Earth Development is defined as “development that meets the
basic needs of all people, while taking care to protect, preserve and restore the health
and integrity of the Earth’s ecological systems, without the risk that the needs of future
generations cannot be met and the limits of Earth’s endurance will be exceeded” [26].)

Eco-efficiency is a new and key concept of consciously and deliberately combining the
economic aspects of production with its environmental impact. Eco-efficiency is achieved
by a gradual reduction of the environmental impact of production and the excessive use
of resources throughout the life cycle of products at a level not exceeding the Earth’s
assimilation capacity [27].

The concept and measurement of eco-efficiency in food processing companies is im-
portant due to the continuous process of raising raw material quality standards, to involve
compliance with procedures in food production, the introduction of modern technologies,
and due to the large number of entities competing for customers on the domestic and
foreign food markets. For companies for which the issue of sustainable development
has become an undisputed element of building competitive advantage, it is necessary to
search for organizational and technological solutions that will reduce the burden on the
environment and use resources effectively [28,29]. These companies are moving away from
short-term profit strategies, and will ultimately decide to provide customers with more
durable products. In turn, customers, due to a growing environmental awareness, are
participating in the process of designing new products.

Manufacturers can benefit from information on customer expectations pertaining
to products, and thus build a competitive advantage in terms of more environmentally
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friendly products that better meet customers’ needs [30] (p. 60). Sustainable production is
about linking the production process at all stages of a product’s life cycle to the concept of
reducing the use of resources in production [11]. Indeed, it can be said that although the
concept of eco-efficiency appeared as early as the 1990s as a practical tool for measuring
sustainability, it was not until 2000 that it was introduced by the World Business Council
for Sustainable Development [31] to define a management philosophy aimed at encour-
aging companies to seek environmental improvements that bring economic benefits in
parallel [2,32-34]. In other words, companies can achieve higher profitability while taking
responsibility for the environment. In 1998, the OECD defined so-called eco-efficiency as
the efficiency with which ecological resources are used to meet human needs, measured
as the ratio of output to input. Production is the sum of the value of products and ser-
vices produced by a company, sector, or economy as a whole, and input is the sum of the
environmental pressures generated by the company, sector, or economy. An increase in
production for a given level of inputs, or a decrease in inputs for a given level of products,
can lead to an increase in eco-efficiency.

It has to be underscored that Bonfiglio and others [32] raise the question of whether the
change in eco-efficiency reflects a corresponding change in overall sustainability, knowing
that this indicator is measured by the relative level of environmental pressure relative to
the size of economic activity. According to Czyzewski and Matuszczak [35], sustainability
is more closely linked to absolute levels of environmental pressure.

One of the most popular and universal analytical tools for measuring environmental
aspects with a product or a service in terms of cost reduction and savings is the LCA (life
cycle assessment). The basic idea of the LCA is that all environmental burdens connected
with a product or service have to be assessed in all consecutive and interlinked stages, from
raw material acquisition or generation from natural resources to final disposal. There are 4
phases of the LCA study specified in the ISO14040 standard: 1. Goal and scope definition
phase, 2. life cycle inventory analysis phase (LCI), 3. life cycle impact assessment (LCIA), 4.
interpretation phase.

Wojcik—Augustyniak, Szajczyk, OjstrSek, and Leber [36] (pp. 5-6) claim that in the
era of the circular economy, the new version of the LCA motto should be “from cradle
to cradle” instead of “from cradle to grave”. The “cradle to cradle” concept is a design
philosophy built on the principle that all materials involved in industrial and commercial
processes can be used as raw materials (“waste equals food”). The waste, which becomes
nutrients, is considered in two categories: Technical and biological.

To sum up, eco-efficiency in microeconomic terms means choosing the technology
or production method that has the least environmental impact, as well as a selection of
raw materials and materials that reduce their consumption and enable the offering of high-
quality products. A distinction must be made between the concept of eco-effectiveness,
which allows for the qualification of the suitability of products and production processes
(Figure 1). For example, BASF’s analysis (is an acronym for B-aden A-niline and S-oda
F-actory”) makes it possible to assess the total cost and environmental impact of a product
or process during its entire life cycle, from input materials to disposal or recycling. The
analysis compares different product alternatives that meet user requirements and assesses
potential development prospects and possible risks. (BASF’s eco-efficiency analysis is based
on DIN EN ISO with the addition of environmental audits. In addition to commonly used
inventory data for the application cycle such as energy consumption, material consumption,
gas emissions, water pollution, and wastewater, BASF’s eco-efficiency analysis takes into
account the phenomenon of toxicity, risk factor, and management (after: [37]).
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use of secondary

raw matenals

production and use of cleaner energy E.co-effic ie]]('}'
reducing losses and waste in
environmental product design 2
sustainable
® use of cleaner technologies production
s process design aimed at optimal use of
resources
* alternative use of waste
* more efficient use of fuel
* customer education
¢ promotion of organic products
¢ reduced CO; emissions and less water
pollution
¢ use of environmentally friendly production
methods in traditional industries
Figure 1. Impact of eco-efficiency on sustainable production. Source: [30] (pp. 59-71).

According to Bratnicki and Austen [38] (pp. 41-48), the eco-efficiency measurement
system should:

Analyze and discuss phenomena of interest in a clear and concise manner for stakeholders;
Go beyond control and give credible insight to improve efficiency;

Develop and continuously stimulate a company’s improvement;

Focus on processes and these issues of business, which are affected by them, such as:
Quality, time, finances, customers’ satisfaction, human resources;

Help to predict a company’s direction;

Allow the use of measurement measures resulting from a current combination of
activities strategies with strategic objectives of a company;

e Provide quickly detailed information in order to support appropriate decisions and
action which could have been taken;

Be simple, understandable, economical;

Take into account different analysis perspectives as well as cause-and-effect relationships.

1.3. Design-Thinking Model—Concept, Advantages, and Constraints of Its Use

The design-thinking model is a design methodology that provides a solution-based
approach to solving problems. The design-thinking model systematizes and identifies
the five modes in a design project pertaining to any innovative problem-solving project
which is to be carried out (Figure 2). The design-thinking model is appropriate in tackling
complex problems that are ill-defined or unknown, by understanding the human needs
involved, re-framing the problem in human-centric ways, creating ideas in brainstorming
sessions, as well as by adopting a hands-on approach in prototyping and testing.
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PHASE V:
TESTING
Getting feedback
on the first
prototype to
improve it

PHASE IV:
PROTOTYPING

Rapid prototyping
of one or more
ideas

PHASE I:
PROBLEM
DEFINITION

Selecting a focus
user and clearly
defining his or her

DESIGN
THINKING
MODEL

ideas to solve the

PHASE II:

MNEED FINDING
Building up
empathy by

interviewing and

observing the user

PHASE Ill:

IDEATION
Creating many

prablem

Figure 2. Description of five stages of the design-thinking model. Source: [39].

The five stages of design thinking do not have to follow any specific order, can occur
in parallel, or be repeated iteratively. The stages should be understood as different modes
that contribute to a project, rather than sequential steps. Every project involves activities
specific to the product under development (Table 2), but the central idea behind each stage
remains the same [40].

Table 2. Comparison of advantages and constraints of design-thinking model.

Types of Risk Approach

Advantages

Constraints

Design-thinking model

Viewing a problem from a different
perspective

Delving into a problem to determine its
root cause

Encouraging innovative thinking and
creative problem solving

It ensures that the final outcome meets
objectives and client requirements

It results in an experience that is more
effective and informative for the learners
It expands the knowledge

It is much more complex to apply

It requires knowledge and understanding
on the part of professionals

By giving the designer total authority, the
design practices can be more inclusively
squashed

Source: [41].

To summarize, the idea of the design-thinking model can be used for both risk-based
and rule-risk-based processes. Nevertheless, it has to be emphasized that a designer must
listen to users and understand their perspective. But it is still the designer who is deciding
what elements of the users’ experience are relevant.
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2. Materials and Methods

For the purposes of the paper, a structured questionnaire with a clearly defined
research objective to select the main and complementary indicators in the areas of energy,
waste, water, and pollution, making it possible to measure eco-efficiency in 100 food
processing companies, was used. According to Creswell [42] and Kaczmarczyk [43],
surveys are qualitative, collected in a cleaned database, verified analysis by means of
statistical methods and a summary. Due to the large size of the total collective of food
processing enterprises, a survey, called sample survey method, was conducted.

All questions were presented to the respondents in exactly the same way regarding
content and form. The questionnaire, conducted in 2019, contained closed questions, so-
called simple questions (answer: Yes/no), questions with options for answers (a/b/c/d),
questions requiring a scale of assessment of responses (1—least, 5—the most), deeply
closed questions (deliberately reopening the question in another part of the survey to check
the accuracy of the respondent’s answers) [44] (pp. 104-110) [45], closed questions giving
respondents the possibility of ticking and completing the answer “other—what?” and
the questions to track changes over time were used. In the questionnaire, the options for
answering were not exhaustive for a respondent. The order scale was used for reasons of
clarity and for the sake of mapping the diversity and ordering the measured characteristics.

The basic criteria for the selection of the sample for the survey were as follows:

—  Subject of the conducted activity according to Polish Classification of Activities (2007
year);

— Location within the country;

— No bankruptcy or liquidation;

— Raw material processing volume (t/week), number of employees (full-time), volume
income (Polish zloty/year).

3. Results

The aim of this part was to create a set of eco-efficiency indicators the most suitable
for food processing enterprises, taking into account the “cradle to cradle” concept, built
on the principle that all materials involved in producing processes can be, in a rational
sense, used as raw materials (“waste equals food”). The analysis was supported by the
idea of the design-thinking model. In the first stage of the research, the constraints of
eco-efficiency measures were stated. In the second stage, the questionnaire in 100 food
processing enterprises was conducted (Table 3). The third stage consisted of building a set
of potential factors and indicators measuring eco-efficiency within the applied processing
technology (Table 4). The fourth stage stands for making comparisons and selecting
the most appropriate indicators to measure eco-efficiency in examined food processing
enterprises (Table 5). Such an approach had a key impact on the way the analyses were
carried out, focusing on the analytical phases of the input-output set and assessment of the
practical use of the chosen set of eco-efficiency indicators. The fifth stage was limited to
verification of data use, completeness assessment, and identification of significant issues
(Table 6).

Table 3. Presentation of the research characteristics.

Research Subiect Objects, Territorial, and Measurement Methods and Current Application of
) Temporal Scope Tools Methods
. Database on enterprises Questionnaire: CAWI To deepen and widen the
Evaluation L - . _ .
. operating in food processing technique analyses of eco-efficiency in
of eco-efficiency . . o .
sector in Poland Design-thinking model food processing sector

Source: Own preparation.
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Table 4. Presentation of potential factors and indicators shaping the eco-efficiency of food processing enterprises.

Identification of the Eco-Efficiency Measures in the Company and on the Level of the Sector

- quantity of raw materials used in the production process [t]
- amount of water used in the production process [m?3]

- amount of sewage discharged [m3]

- amount of energy used [MWh]

Quantity

- the amount of gas and dust emissions into the atmosphere [t]

- the type of gas and dust emissions to the atmosphere (carbon monoxide, carbon dioxide, sulfur dioxide, nitric oxide,
dioxins, hydrocarbons, dust)
- amount of waste generated in the production process or amount of waste per unit of finished product [t]
- amount of waste to be recycled [t]

- installation of own sewage treatment plants
- the purchase of an efficient furnace, which reduces the consumption of mine raw materials and reduces emissions to
the atmosphere

Quality

- implementation of new production technology
- organizational and improvement activities consisting in the reduction of waste generated in the production process
- improvement of the company’s image resulting from environmental activities

- installing filters to reduce gas and dust emissions into the atmosphere

Source: Own preparation.

Table 5. Presentation of the main and supplementary indicators measuring eco-efficiency in food processing enterprises in Poland.

Specification Main Indicator Supplementary Indicators
Life Cycle Energy Intensity—includes energyin the
preceding and subsequent processes
Excess Energy Intensity—redundant energy
. . . produced within the limits of the project,
Energy Intensity—an indicator meter expressing S .
c . . consumed outside either by design or sold
Energy energy consumed within the limits of the project . ; 1
Transportation Energy of Materials/Energy—within
from all sources [M]] . © .
the limits of the analysis
Transportation Energy of Personnel—includes the
energy of passenger transport within the limits of
the study
Waste Intensity—counts the total quantity of
materials entering the project minus the amount of
materials contained in products (converted into
dry matter). The indicator counter can be counted =~ Waste Utilization Indicator—measures percentage of
Waste . . 1 . .
as the difference between the weight of materials waste reused in relation to waste generated
inputs and materials in the product or as a whole
mass of materials in the streams waste to air, water,
storage, recycling
Water Discharge Intensity—means waste water but
Water Water Intensity—measured in [m3], without water ~ no water in solid waste, precipitation atmospheric

in the raw materials, rain, snow

Water Consumption—means the difference
between the incoming and outgoing water

The most frequently used meters of eco-efficiency indicators—greenhouse gas emissions (total emissions
in CO, equivalent, including those from energy, waste management), precursors of acid rain, precursors
of smog, ozone depletion

Source: [46,47].

Pollutant dispersion
indicators

The next stage of the research consisted of collecting, measuring, and evaluating the data within the eco-efficiency
model. This meant that there was a need: (a) To form a group of estimators of environmental impacts for the individual
stages of the life cycle of the products, and (b) to create a standardization of the environmental impact in order to create
an eco-efficiency portfolio of examined food processing enterprises in Poland.
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Table 6. Presentation of the methods measuring eco-efficiency with its advantages and constraints.

Eco-Efficiency

No. Description Advantages Constraints
Measures
It is a common
decision-making tool
It can be addressed to useful for a lot of
strategic and to the applications in chemistry . 1
marketplacg, politics, and other industries Elffreeregtti;f;%h;iag and
. resea.rch pares It can be used by a Tg&;b’iin the final results a
The main goal of the manager who is not a LCA . lvsi d
h effici method was to develop specialist .sensffl\./lty. analysis an
1 The eco-efficiency 1£ . . identification of the
. analysis by BASF a tool for . The calculation system is domi P
decision-making unified on;n;nt actors are
processes which is ' It shows different Eiikeof social aspects of
useful for a lot of alternatives of the h P
applications in assessment the measure
‘chemist'ry and other . The results of a complex
industries studies are understandable
in one view
Analysis based on life . The resulltsj cgp be obtained Itfishha.rdd’Fo deciclle which
() cycle assessment Beyond these life cycle as several indicators or one of the indicator plays a
(LCA) aspect costs, common result crucial role
calculations are added
and S}‘jmmalﬁzid It is recommended to
together with the ;
b Analysis based on life gl ol e t The results can be obtained Calc.u.late costs for several
(b) ecological results to as one common result entities or use added value
cycle cost (LCC) ,
estabh§h an ) instead of costs
eco-efficiency portfolio
Beyond these life cycle
aspect costs, The calculation system is D1fferent. welgfh;mg and
h effici calculations are added unified aggregation of data
The eco-efficiency and summarized Th 1 be obtained It is recommended to
2. analysis by e results can be obtaine calculate costs for several

Oko-Institut

together with the
ecological results to
establish an
eco-efficiency portfolio

as several indicators or one
common result

entities or use added value
instead of costs

No conversion required

Additionally, it »  Nodata weighting o
identifies and evaluates required Difficulty in
@) The eco-compass changes in a creative The results can be standardization
way presented in the spider
web
It has been developed
to assess the . There is comparability of
The integrated CO; eco-efficiency of results for companies in No possibility of

efficiency index for
company evaluation
(ICEICE)

emissions such as
carbon dioxide in
enterprises producing
products from different
sectors

the same sector

The solution will be to
create an integrated CO,
performance index

comparison for companies
in different sectors
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Table 6. Cont.

Eco-Efficiency

No. Description Advantages Constraints
Measures
It is a simplified version of
the LCA It does not focus well on
Is used to quantify It quantifies the total sub-products
L . demand for raw deman.d for. raw ma’serials It has S narrow field of
4. The mate‘rlal intensity materials in the life It provides information on analysis
analysis (MAIA) cycle of products and environmental pressures It does not take emissions
services related to extraction and other environmental
volumes, material flows, pressures into account
emissions, or waste
It focuses on countries,
i 7 t 4
The material flow Is gs.ed to assess th'e ;i)%i::ﬁolsg(sj ors It does not focus well on
5. lvsi efficiency of material sub-products
analysis (MFA) consumption It'takes into account
different flows
Is the most
comprehensive
approach in ° ssessing Itis a market-fit It describes well specific
how the environmental, It is a simplified version of ¢ bp h
6. The Fords’s PSI index  social, and economic the LCA typzs of sectors, branches,
impacts of vehicles can It is cheap and time-saving products
be addressed from the
earliest stages of their
development
It shows the intensity
of raw materials and
energy consumption
(both renewable and The calculations are made It requires a wide rance of
non-renewable) and using specially developed d ('11 dinf rang
” The ecological waste emissions. If a computer programs S b
) footprint (EF) country is in a national The components are of a Itis time-and
ecological deficit, this comparative nature money-consuming
means that it is unable
to provide its citizens
with current
consumption
It allows one to track how
far a product deviates
in-plus or in-minus from It requires very detailed
Is used to compare fche average eco-efficiency data . .
8. The X-factor index different process indicator It requires to set detailed

variants

It allows one to follow the
changes of eco-efficiency
when modifying the
production process

assumptions
It is difficult to determine

Source: [14,37,48-53].
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4. Discussion

Eco-efficiency is a strategic instrument that helps suppliers and technology users in
making decisions about the choice of processes or products that future investors must
make. It can be measured in different ways. (Table 6). Eco-efficiency makes comparisons
of possible advantages and constraints of the solutions. The analyses are conducted from
the point of view of the recipient so-called the end user of the product, resulting from the
given technology.

5. Conclusions

In order to highlight future reflections, it has to be said that the basic process of human
activity is management, which is a process of conscious, rational, unforced decision making,
which, on the one hand, must balance unlimited human needs, and on the other hand,
limitation of resources. It is extremely important to stress that in the environmental context,
a company uses human resources, land, tangible and financial capital, such as natural
resources, raw materials, energy carriers, geographical space, and capacity assimilation of
the natural environment. It means that the company has the right to emit pollution due to
the fact that results of the production process are pollution and waste [54].

Eco-efficiency indicators should be constructed in such a way that all relevant envi-
ronmental information should be taken into account, and this information should, in a
commonly acceptable way, e aggregated to arrive at a cumulative value. In practice, an
objective mapping of the actual and complete impact of a product or service in a global
dynamic system is impossible to be achieve. Moreover, the more perfect this mapping is,
the greater the effort it takes to work.

According to the conducted research, the hypothesis has been positively verified. The
analyzed food processing enterprises are in a search of optimal, available, and affordable
indicators to measure eco-efficiency. The authors are of the opinion that using the assump-
tions of the theoretical concepts of sustainable development has made it possible to apply
selected indicators in the economic, social, and, often overlooked but very important, envi-
ronmental aspects. The existing achievements of the concept of sustainable development
create an advanced study in order to assess the eco-efficiency of market economy enter-
prises, although one should bear in mind the specificity and richness of factors determining
eco-efficiency in the context of economic conditions and national legislation in force.

Some of the vivid limitations of the research refers to the difficulties concerning
the eco-efficiency measures that arose from the characteristics and properties of different
approaches and methods of its assessment. The article tried to capture a set of eco-efficiency
indicators, which was not an easy task due to the inaccessibility and confidentiality of
certain data, as well as the widespread reluctance of entrepreneurs to share information
with external entities, including for theoretical and research purposes.

Some possible policy implications are as follow. Eco-efficiency indicators should be
used on a larger scale in various types of projects financed or supported by the state. It is
worth promoting the use of mentioned indicators in the implementation of government
projects. Subsequently, it is possible to propose adequate adjustments of the taxes im-
posed on the food industry to meet the eco-efficiency criteria. Actions of this kind can be
undertaken both at national and multinational level.

The obtained results will be used in further analyses in order to adopt existing measures
for eco-efficiency in food processing enterprises. Furthermore, the outcomes can be helpful
in terms of creating a strategy for companies; helping them to adjust their activities to eco-
efficiency in order to gain significant competitive advantages in the agro-food market.
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