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Abstract

The activity of enterprises has a significant effect on the country’s economic growth of
domestic economy but on the other hand it can be the major cause of environmental hazards.
In this context an approach of the government that should support and promote enterprise
actions on sustainable development, and encourage and stimulate enterprises to undertake
pro-ecological initiatives.

When planning an effective strategy for achieving sustainable development in an enter-
prise the three main pillars (spheres) should be taken into account, namely economic (finan-
cial), ecological (environmental) and social (human).

The achievement of sustainable development in an enterprise is connected with costs
incurred for environmental management. The aim of this paper is to analyse costs borne by
enterprises to improve environmental management efficiency. An analysis was carried out by
using the AHP method.
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1. Introduction

On the one hand the activity of enterprises has a significant effect on the coun-
try’s economic growth of domestic economy but on the other hand it can be the ma-
jor cause of environmental hazards. In this context an approach of the government
that should support and promote enterprise actions on sustainable development, and
encourage and stimulate enterprises to undertake pro-ecological initiatives.

The long-term strategy of sustained and balanced development “Poland 2025”
adopted by the Polish government assumes that “according to the concept of sustain-
able and balanced development the socio-economic processes must not be carried
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out by the exhaustion and depletion of non-renewable resources and destruction of

the environment, and the rights and opportunities of achieving their growth aspi-

rations should be ensured for future generations”. This policy may be achieved by

(Ryszawska-Grzeszczak, 2002, pp. 364-365):

— reducing energy, material and water consumption in the economy,

— implementing low-waste and wasteless technologies, and waste recycling and
processing,

— increasing the use of renewable energy resources,

— landscaping in compliance with recognised environmental capabilities, while
considering socio-economic development.

One of the significant factors allowing achievement of sustained and balanced
development is the ability to link the laws of ecology and economics in decision mak-
ing processes. It is important that this process is carried out at all institutional levels,
i.e. international country communities, enterprises and households (Nohatko, 2002).

The transfer of the concept of sustainable development to the enterprise level
should be connected with (Adamczyk, 2001, p. 32).

— decreasing material and energy consumption in manufacturing,
— increasing productivity and social benefits from the use of the environment,
— reducing pollution emission.

It is important that such transfer takes place by achieving the enterprise’s
economic goals. The implementation of the concept of sustainable development is
carried out by effective use of natural resources, thus reducing an adverse environ-
mental impact. An enterprise that want to operate in accordance with the concept
of sustainable development should pay attention to the following factors (Zelazko,
2009, pp. 270-271):

— environmental quality preservation, protection and improvement by, for example
waste utilization, pollution emission and noise reduction in the manufacturing
process,

— rational use of natural resources by, for example, reducing the use of raw mate-
rials used in the manufacturing process, limiting energy consumption from con-
ventional fuels, and recycling,

— human health and life protection by providing work safety and hygiene,

— respecting and perception of human, consumer and employee rights by, among
other things, preventing discrimination,

— product improvement to enhance its quality and durability.

When planning an effective strategy for achieving sustainable development in
an enterprise the three main pillars (spheres) should be taken into account, namely
economic (financial), ecological (environmental) and social (human).

However, it should be noted that the achievement of the concept of sustainable
development at an enterprise is related also with environmental management costs.
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Therefore, the aim of this paper is to analyse enterprise’s costs borne for improv-
ing environmental management. An analysis was carried out by employing the AHP
(Analytic Hierarchy Process) method.

For the purposes of this paper the material collected in the Research Project
No. NN 115 436540 was used.

2. Method

The Analytic Hierarchy Process is a versatile approach to make complex deci-
sions (Saaty, 2001). The AHP decision making model is a symbolic model presented
in a hierarchic way thus enabling complex problems to be solved. By combining
mathematical and psychological concepts, the AHP method is employed in many
other areas to help decision making. The AHP method is based on the following
three axioms:

1. Reciprocal axiom — reverse judgement logistics (brings much more accurate and
better results than direct solution indication).

2. Uniformity (homogeneity), i.e. when constructing a hierarchy one should re-
member to make an appropriate choice and group comparable elements that not
differ by too much.

3. The priorities of the elements in a hierarchy do not depends on lower level ele-
ments.

The AHP model construction is based on blocks (elements), that are interre-
lated in a specified way. The elements in a hierarchy may be everything, e.g. institu-
tions, people, animals, plants, objectives, things, features, ideas etc. These elements
can be arranged into specified sets. The AHP can be generally defined graphically
as a multi-level system of relationships between elements and groups of elements
(Prusak, Stefanow, 2014, p. 38).

A graphical model of AHP is presented in Figure 1. The four-level structure
is most often used to present a complex decision problem, although more complex
models are also built (however this entails a time-consuming and highly complicated
computational procedure and obliterates the sense of obtained decision priorities).

The construction of hierarchical model is the key and most difficult stage of
the analytic hierarchy process, as it requires intuition, creativity, logical thinking,
experience and linking various fact as well as other significant skills from a decision
making person. It is very difficult to design a proper hierarchy as well as to choose
a proper analysis of the decision-making process. Thus, when developing and ana-
lysing hierarchical structure, expert knowledge in an area under investigation, and
therefore collaboration with experts in various areas is an important element (Prusak,
Stefanow, 2014, p. 39).
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Main goal
I I

Criterion 1 Criterion 2 Criterion n
Subcriteria Subcriteria Subcriteria

- Element 1 - Element 1 - Element 1

- Element 2 - Element 2 - Element 2

- Element n - Element n - Element n

Alternative 1

Alternative 2

Alternative n

Fig. 1. AHP decision making hierarchy
Source: Prusak, Stefanow (2014).

An analysis of decision-making process by using this method essentially con-
sists of two phases, i.e. developing a hierarchical structure for a given problem (to
do it all significant system elements should be identified and grouped according to
a specified hierarchy remembering that higher-level elements have an impact on
lower-level elements), and judging the groups of elements. Such judgement is made
by pairwise comparisons of all combinations of elements at a given level of the hier-
archy from the point of view of each higher-level element (Cabata, 2014, p. 108).

The detailed hierarchical structure is developed in the following stages (Greda,
2013. p. 125):

1. To identify the top goal.

2. To identify sub-goals.

3. To establish criteria to be fulfilled by sub-goals.

4. For each criterion — to establish sub-criteria for better understanding a given
problem.

To identify “actors” involved in the decision-making process.

To identify objectives adopted by actors and their strategy.

7. To identify alternative problem solutions, i.e. variants of decision.

oW

After the hierarchical model is designed it should be subject to proper anal-
ysis. This is carried out by pairwise comparisons of all possible combinations of
pairs of elements created in individual groups. Therefore, at first place all possible
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pairs within particular groups of the hierarchical model are set up (by creating an
appropriate questionnaire), and then experts analyse elements by paired comparison.
Each element is evaluated by comparing it to a higher-level one. Relations between
individual elements are determined by using the Saaty’s nine point scale: 1 — equal
importance; 3 — somewhat more important; 5 — much more important; 7 — very much
more important; 9 — absolutely more important; 2, 4, 6, 8 — intermediate. By using
this scale the respondent indicates which of two elements being compared and pos-
sessing the same property is favoured with respect to this property.

At final stage the obtained results of comparisons are entered into a matrix
of elements (ratings) a, are numbers reflecting preferences of a decision maker. For
example, if an experts indicates that element X is absolutely more important than
element Y, then after conversion into numerical value, the number 9 is entered into
the square comparison matrix.

Priorities can be computed manually (by using appropriate mathematical
procedures) or by using computer software, e.g. Super Decision, Expert Choice or
Decision Lens.

3. AHP application in cost analysis for environmental tools

3.1. Description of survey

The survey was performed within the framework of research project being
carried out at the Department of Product Technology and Ecology at the Cracow
University of Economics. The survey was based on free software Lime-Survey TM
and GNU General Public License. The questionnaire included 11 subject groups,
in total 96 questions. The survey was carried out on the sample of 56 enterpris-
es (N=56). Among respondents the groups of medium- and large-sized enterprises
predominate (33.9 % each). The survey included also small-sized (19.6%) and mi-
cro-sized enterprises (12.5%). The vast majority of responding companies (83.9%)
represented sector 2, i.e. industry and building engineering. The others (16.1%) were
from sector 3 Services. The survey did not include companies connected with sector
1 (agriculture, forestry, fishery). The largest group of respondents were international
enterprises (69.6%). The second most numerous group comprised local companies
(12.5%). This research included also enterprises province-wide and nation-wide en-
terprisers. The size of these groups was 8.9% each. In this study the responding
companies were also asked to indicate their organizational-legal form. The most
common business structure was limited liability companies (39.3%). It should be
emphasized that 25% of the survey respondents choose “other” indicating: sole cor-
poration, co-operative or capital group. The next group consisted of joint stock com-
panies (19.6%) and general partnership (8.9%). The lowest number of indications
was gained by civil partnerships and associations limited by shares (3.6%. each).
It was also important in the questionnaire to indicate foreign capital in enterprises.
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The most part of respondents indicated a lack of foreign capital in their companies
(71.4%) and the total foreign capital share (21.4%). Enterprises with such capital
share up to above 50% participate in 3.6% each.

3.2. An empirical analysis by using the AHP method

To process the questionnaire responses the multi criteria decision making
method — Analytic Hierarchy Process (AHP) was employed. By using this method an
analysis of enterprise activity in strive for improving the efficiency of environmen-
tal management in terms of related costs incurred with the SuperDecison software.
In the structure of the model the top goal (mentioned above), general objectives,
sub-criteria, sub-sub-criteria and alternatives in the form of environmental manage-
ment systems and its tools being the most commonly implemented (Figure 2). Thus,
the solution obtained from this model should indicate which of environmental man-
agement systems implemented by responding companies are the most costly ones.

Main goal
[ Improving the efficiency of environmental management in enterprise |

Economic Manufacturing
0,2751 0,2063

Organizational
0,5185

General objectives

!

\

Economic sub-criteria Organizational sub-criteria Manufacturing sub-criteria
1. too low enterprise’s budget 1. lack of employee involvement 1. too complicated and long-lasting
0,1346 0,0092 0,0204 0,0026 implementation process
2. too high implementation cost 2. lack of response of surrounding society 0,2051 0,0105
9’34§1 ) 0,0238 0,3979 0,0515 2. monitoring of semi-finished products
3. too h!gh implementation result 3. lack of interest in environmental issues for recycled materials used
“”Ce“i‘)‘"s‘i’gz 0.0357 0,3776 0,0489 0,3077 0,0158
’ ! 4.setting unachievable goals 3. monitoring of the use of own materials
0,0102 0,0013 in manufacturing
5. considering system solutions as unnecessary 0.4872 0,0251
\ 01938 0,0251 /
Sub-sub criteria
1.LCA 2. Environmental Monitoring 3. Eko-innovations|
0,1359 0,0339 0,4847 0,1211 0,3793 0,0948
Alternatives
1.1S0 14001 2. EMAS 3. Cleaner Production 4. Responsibility and Care ||5. Environmental Labelling
0,5799 0,1449 0,0421 0,0105 0,0683 0,0170 0,1376  0,0344 0,1720 0,0430

Fig. 2. AHP decision hierarchy
Source: Wojnarowska (2013, p. 145).

Based on our knowledge and the survey the five environmental management
systems and its tools being most commonly used were identified:

— ISO 14001,
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— EMAS,

— Cleaner Production,

— Responsibility and Care,
— Environmental Labelling.

The main criteria included economic, organizational and manufacturing fac-
tors. To evaluate more precisely which factors cause the highest costs in the aspect
of the implemented environmental management systems they were assigned some
sub-criteria. There are the following economic sub-criteria:

— too low enterprise’s budget,
— too high implementation cost,
— too high implementation result uncertainty.

The set of organizational sub-criteria included such factors as:
— lack of employee involvement;

— lack of response of surrounding society;

— lack of interest in environmental issues;

— setting unachievable goals;

— considering system solutions as unnecessary.

Whilst manufacturing sub-criteria included:

— too complicated and long-lasting implementation process;

— monitoring of semi-finished products for recycled materials used;
— monitoring of the use of own materials in manufacturing.

The sub-criteria mentioned above are influenced also by tools being used by
enterprises, e.g. LCA, environmental monitoring, eco-innovations included into sub-
-sub-criteria.

The respondents revealed that the highest costs incurred by enterprises to im-
prove effectiveness of environmental management within main criteria was organ-
izational area. Due to the value of local priority (0.5185) this area prevailed over
other criteria, i.e. economic and manufacturing ones, for which the values of priority
were 0.2751 and 0.2063, respectively.

When analyzing in detail all factors responsible for costs in individual criteria
it was found that within the organizational criteria the examined enterprises bore
the highest expenditures because of lack of response of surrounding society (local
priority was 0.3979) and lack of interest in environmental issues (0.3776). The other
factors within the specified sub-criteria involve much less costs.

Within economic criteria the respondents considered too high implementation
uncertainty as a key cost with priority at 0.5192. This may indicate a high anxiety
of the implemented environmental management systems in the context of costs of
the risk incurred when the systems are implemented improperly. In addition, this is
supported by the next highly rated factor considered by respondents, namely high
implementation costs of environmental management systems. The value of priority
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for this factor was 0.3461. It could be quite surprised that the lowest value of local
priority 0.1346 was recorded for too low budget of responding enterprises (within
economic criteria). Thus, one may conclude that by increasing environmental aware-
ness in examined enterprises in the aspect of environmental management systems
and by eliminating factors causing an implementation uncertainty, the systems will
be implemented more frequently in enterprises.

An analysis of manufacturing sub-criteria indicates that the respondents link
the highest costs to performed monitoring of the use of own products in manufactur-
ing. However, it should be noted that such activities may lead in the future to reduced
material and energy consumption, for example by recycling of own products. The
lowest value of local priority (0.2051) within manufacturing criteria was recorded
for too complicated and long-lasting implementation process.

The values of global priorities at the sub-criteria level indicate that the highest
costs for achieving the top goal of this model are incurred by enterprises under in-
vestigation due to lack of response of surrounding society, lack of interest in environ-
mental issues, and too high implementation uncertainty. The responders considered
at similar level unnecessary system solutions, monitoring of the use of own materials
for manufacturing purposes and high implementation costs for environmental man-
agement systems. The mentioned factors prevailed significantly over the other items
of the survey, namely: too low budget, lack of employee involvement and setting
unrealistic goals. It should be emphasized that the budget of examined enterprises
creates no implementation barrier for environmental management systems.

4. Concluding remarks

In the light of the survey presented above one may conclude that the highest
costs were born by the responding enterprises to increase performance of environ-
mental management for implementation of ISO 14001. Next, the costs resulted from
implementation of Labelling and Responsibility and Care program. The values of
local priorities indicate that the enterprises under examination born the lowest costs
for adaptation to the Cleaner Production program.
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ANALIZA KOSZTOW REALIZACJI KONCEPCJI ZROWNOWAZONEGO
ROZWOJU W PRZEDSIEBIORSTWIE
Streszczenie
Realizacja koncepcji zrownowazonego rozwoju w przedsigbiorstwie zwigzana jest
z kosztami ponoszonymi na zarzadzanie Srodowiskowe. Za cel artykutu przyjeto przeprowa-
dzenie analizy kosztow przedsigbiorstwa ponoszonych na wzrost efektywnosci zarzadzania
srodowiskowego. Analize przeprowadzono z wykorzystaniem metody AHP.

Stowa kluczowe: zrownowazony rozwdj, analiza kosztéw, metoda AHP.



