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Introduction
Management set of actions conducted with a view to achieve an organization’s objectives in an
efficient and effective way. In order to achieve these goals you need process and system
management in the organization. The monography includes a discussions on selected aspects
of organization, product and process management.
In the first chapter entitled “Improving the Production Process as a Reserve for
Motivation of Stakeholders to Medium-Sized Company Capitalization in the Steel Industry of
Ukraine” the author has presented issues related to improving the production process and
motivation of stakeholders. Motivation of stakeholders is offered to be considered through the
prism of achieving the capitalization as the goal of the company’s development level. As an
example of managing capitalization of medium-sized companies in Ukraine and at the same
time stakeholders, the study presents and gives grounds for using “Compression” strategy at
enterprises that have problems concerning the underutilization of equipment and production
areas under limited investments and that are not able to use their internal reserves by organizing
the production on the principle of a mini-plant.
The authors of the next chapter, entitled “Lean Manufacturing Tools – a Role and
Possibilities of Use in Environmental Management”, have tried to assess a role of Lean
Manufacturing Tools in improving the actions made by organizations to achieve their
environmental effects. The evaluation was conducted basing on a survey among Lean
Manufacturing and environmental management experts. As the research showed, indeed
application of Lean Manufacturing Tools can enhance environmental performance, however it is
not free of limitations. The survey conducted among experts shows, that the concept of Green
Lean is still a novelty in Polish organizations and faces the same barriers as the idea of Lean
Manufacturing: lack of management involvement, lack of understanding the profits of Lean and
also lack of knowledge.
The following chapter entitled “Water Profile as Impact Category and Element of Life
Cycle Impact Assessment” describes selected aspects of freshwater and life cycle assessment.
This paper aims to make an overview of the main experiences in water use assessment and
management carried out in recent years both at global and local scale, by highlighting the needs
to harmonize indicators and impact assessment methods in order to assessing the “Water
Profile” of a product, company, region or nation. Assessing water profile is a very important
issue that could affect decision makers and policy makers in the next years. LCA is a powerful
tool which is methodologically capable to include full water profile. Most of LCIA methods
include a wide spectrum of impact categories, where changes in a quality of aquatic ecosystems
are covered.
In another chapter the authors have described the factors determining the current state of
implementation the environmental management systems certification in production and nonproduction organizations from different sectors of European countries. The study includes the
analysis of data and trends in the area of certification for crucial environmental management
systems – EMAS and ISO 14001 – based EMS.
The title of the next chapter is “Interested parties' according to ISO 14001:2015. The
Italian case of protected natural areas with EMAS registration”. The aim of the chapter is to
call into question the benefits related to the improvement of 'relations with external
5

stakeholders'. The results show that EMAS registration does not offer, between the main
benefits, those improvements. In this context, it is highlighted that organizations need to
activate the adoption of specific and effective approaches aimed to an adequate involvement of
'interested parties'.
In next chapter the authors have described the factors influencing integration of
management systems. The chapter deals with the examination of important factors affecting the
effective and efficient implementation of the integrated management system, as well as
identification of problems encountered in the implementation of the integrated management
system in organizations. The successful integration of management systems depends on proper
planning and effective implementation. Entities that most influence the integration of
management systems are customers, suppliers and owners of the organization. The problems
that organizations encounter within implementing the integrated management systems is a
deficit in human, material resources and diversity of products.
The title of the next chapter is „Metrology and validation of electronic weighing
equipment as procedures assuring quality of a product”. The chapter presents legal basis and
methodology of the main tests that are usually carried out for electronic weighing equipment,
specific requirements for different measurement processes were taken into account. Careful
attention was paid to the significance of reference weights that are used during control of
electronic weighing equipment. The following subjects were presented: classification of
weights in accordance with actual legal situation in Europe and scope of their implementation
in accordance with balance or scale reading unit. For electronic weighing equipment, the
analysis of errors, that in accordance with regulations of Polish and European law may appear
while using it, were presented. Those values were compared with actual errors which occur
during operation.
Another chapter includes considerations related to safety of product as a main aspect of
toys quality. The authors discuss the importance of the product safety, which is a main aspect
of product quality. On the example of toys which are one of the leading product groups in the
European Rapid Alert System for non-food dangerous products (RAPEX), there have been
presented some evidence, that the product safety is still an issue on the polish market. This
happens, despite the fact that the quality requirements are set by both European directives and
national acts, what is more market surveillance system operates in Poland. are also some quality
marks confirming the safety of toys on the market.
In the chapter entitled “Hazards identification in maritime transport” authors have to
identify risks in maritime transport of dangerous goods. Safety in the transport of dangerous
good by sea is influenced by parameters related to cargo properties and amount of transported
goods; external factors such as marine environment and handling. The main factors affecting
the international maritime transport are: safety of navigation and safety of cargo. Assessment
of the actual level of risk in maritime transport is a very difficult task.
The next chapter is about food integrity. The aim of the chapter is to conceptualize a
problem of food chain integrity and to identify main drivers to food integrity risks. The
conceptualisation of food chain integrity has evolved from perspectives of food quality, food
safety, authenticity, fraud and wider crime to the morality of individuals. Food integrity has
legal, moral and ethical dimensions. Food integrity is very much a live issue. Food chain
6

integrity is an overall concept which has evolved from perspectives of food quality, food safety,
authenticity, fraud and wider crime to the morality of individuals. It is common responsibility
of governments and food business operators to assure food integrity, be honest to consumers
and promote sustainable development.
The aim of chapter titled “Consumer attitudes towards health-related food products on
the polish market” is to investigate the Polish consumers’ attitudes towards new food products
focusing mostly on health-related modifications characteristic of functional food. The
consumers’ potential interest, level of recognition and willingness to buy products related to
health belonging to different categories was measured. Finally, the socio-demographic profile
of functional food consumers was assumed. The undertaken research showed that Polish
consumers are open to the innovations on food market. Moreover, health-promotion was a
significant trend in the behaviour of respondents which could be justified by health-related
perception of product innovation on the food market and health-oriented requirements for new
food products. The study revealed diversified interest, level of recognition and purchasing
power of different functional foods categories.
The next chapter is about measuring and evaluating the quality of operation and repairing
services of passenger cars with the use of the SERVPERF method. The study was carried out
with the use of the survey method. The analysis of the results of carried out study allows to
make a statement that the largest discrepancy between the provision of a service and ideal
quality was noted for the dimension tangibles. The lowest value of the quality gap was
registered for the dimension assurance.
The last chapter entitled “Motivations to pursue patents among staff of Poznań
universities” considers investigate and analyze the motivations of the staff of Poznan’s public
universities to take patents. All scholars taking part in the study had the same two motivations
to patent their inventions: to protect their product as well as contribute to their scientific output
and enhance their researcher appraisal. The motivations to patent named by researchers from
Poznan and the aforementioned countries differ significantly despite certain similarities.
We believe that the book comprehensively presents contemporary global trends in various
fields of management, which implement and develop new products and processes in
organizations.

Alina Matuszak-Flejszman and Katarzyna Joachimiak-Lechman
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IMPROVING THE PRODUCTION PROCESS AS A RESERVE FOR
MOTIVATION OF STAKEHOLDERS TO MEDIUM-SIZED COMPANY
CAPITALIZATION IN THE STEEL INDUSTRY OF UKRAINE
Anastasia Mohylova
Oles Honchar Dnipropetrovsk National University, Dmytro Yavornitskipr-t, 35, Dniepropetrovsk, Ukraine
mau2811@mail.ru

Abstract: Motivation of stakeholders is offered to be considered through the prism of achieving the
capitalization as the goal of the company’s development level. It is offered to group motivational
conflicts arising between the internal stakeholders in the process of providing company capitalization
according to types of stakeholders, their expectations for the results of the company development and
distribution of retained incomes.
As an example of managing capitalization of medium-sized companies in Ukraine and at the same
time stakeholders, the study presents and gives grounds for using “Compression” strategy at enterprises
that have problems concerning the underutilization of equipment and production areas under limited
investments and that are not able to use their internal reserves by organizing the production on the
principle of a mini-plant. The strategy is based on the rational organization of the production process by
deepening the principle of specialization – the division of labour between the various subdivisions of
the company by types of commodity products, and minimum cooperation.
The implementation of the strategy promotes the growth of capitalization by EBITDA index.
Awareness of all stakeholders about the short- and long-term results of the proposed strategy will help
them to recognize its necessity and promote their motivation for its successful implementation.
Keywords: steel industry, production, enterprise, stakeholders, capitalization, EBITDA.

INTRODUCTION
The initial and one of the main elements of any company’s strategy is undoubtedly a man as its
developer and implementer. The elaboration of the effective strategy of enterprise’s
development and operation, its implementation and achievement of a planned level of
efficiency fully depends on the personnel involved in performing a certain complex of works.
It is motivated and highly-skilled personnel who makes a significant contribution to the
organization of efficient production of competitive products, and provides the achievement of
company’s strategic objectives. Thus, the formation of the motivation system meeting the
current economic conditions provides the solution of two problems – the realization of
personnel’s interests and achievement of planned indicators of company’s financial and
economic activities.
Boychik holds a similar position arguing that the “motivation involves the
implementation of a set of interrelated measures that stimulate a labour collective to achieve
personal goals of each of its members and common goals of the company” [Boychik 2007, p.
316].
To provide reasonable recommendations on the development of the effective motivation
system it is necessary to solve the following problems:
- bring the international experience in the formation of labour motivation into a system;
9

- identify internal reserves for improving the system of stimulating the internal stakeholders
of Ukrainian companies under crisis economic management.
MOTIVATION IN THE ENTERPRISE: CONCEPT, PRINCIPLES, DIRECTIONS,
INTERESTS OF STAKEHOLDERS
The analysis of interpretations of the concept “motivation” [Gonczarow 2005; Jegorszczin
2003; Zozolew 2004; Ljutenc 1999] allowed to formulate the author’s own definition.
Motivation is proposed to be understood as a process of encouraging the labour personnel to
perform certain actions on the basis of their professional skills and personal characteristics,
and receiving the result due to these actions that presents the value for the whole company and
ensures the achievement of the goal regarding the level of company’s development, as well as
provides the achievement of employees’ interests.
Principles of the effective motivation system are [based on Borowski A., Daya U. 2014;
Leslie A.]:
- “Reward for the result” – provides a clear definition of works and their results, for the
achievement of which the employee receives a reward.
- Compliance of the reward with the employee’s interests - requires that the managers and
HR-specialists of the company should raise the awareness about the needs, expectations and
interests of the personnel in order to develop an adequate system of motivation. Besides, the
managers will have better knowledge about the requirements and expectations of their
personnel if there is a close interaction between them, a greater level of trust in contacts,
which ultimately strengthens the corporate spirit and coordinates the work in the company
that is one of the conditions for its capitalization.
- Transparency of the reward - provides clarity of conditions for receiving the reward (kind of
result, size of result, fullness of result achievement, date of achievement). Otherwise, the
managers can decide that the result of the employees does not comply with planned results
and so there is an opportunity not to pay them (as a consequence – increased social tension
in the collective); as for the employees, they can expect the reward for the result achieved
within a certain range, not for its particular size.
- Timeliness of the reward - provides the immediate payment of the reward for performing the
work and achieving a planned result.
The proposition of I. Gerashchenko and G. Shevchenko regarding the stimulation of
employees for the intermediate achievements until the completion of all work is worth of
noting. The researchers explain this by the fact that the achievement of great successes is
possible in the long term, but they are relatively rare in the time. For this reason, labour
motivation is recommended at short intervals. But to implement this recommendation, the
general tasks should be given to the employee in the form of stages with concrete results of
each stage. For the achievement of the latter the reward is provided in accordance with the
volume of the work performed [Gerashchenko, Shevchenko 2013, p. 502].
Now, the current crisis situation with the economic development and a hard operation of
domestic companies under such conditions stress the need to strengthen the financial position
of Ukrainian companies and increase their financial capacities to realize basic activities. So, the
possibility to provide the financial motivation of employees reduces and the size of their
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payments reduces too. The managers face the problem of encouraging the staff by the methods
of non-financial motivation. For this reason, the issues of the development of non-financial
motivation and companies’ efficiency improvement are of great importance. To solve this
problem, we should use the experience of developed countries in the formation, development
and application of non-financial incentives.
The studying of the experience of developed countries in the formation, development and
application of non-financial incentives will be helpful for the creating a system of non-financial
incentives to Ukrainian enterprises. For example, in developed countries such as the following
in the text [Eurofound 2016; Statsenko, Loboda 2011, p. 32-33]:
In the US, there are two main ways of providing non-financial incentives for personnel:
1) creating trust relationships between the managers and subordinates by setting common
values, namely the employee receives specific goals and clear tasks to achieve them which
is possible in the case of high-quality performance and continuous professional development
of employees. The work for the employee is chosen in view of his professional abilities and
personal qualities. The employees can participate in making decisions concerning the
efficient operation of the company, organized as various polls, “brainstorming” that
ultimately strengthens the corporate spirit through the formation of workers’ feeling of
indissoluble unity with the company. Almost 25% of American companies employing more
than 500 people create workers’ councils or joint committees of workers and administrations
that solve production problems and implement informative and advisory functions. Often
the workers are included in the senior management of the company (for example, the board
of directors) and thus participate in company management.
2) Developing worker's self-worth for the company: realized through providing the employees
with additional powers for various aspects of business activity (participation in projects
development, distribution of profits, etc.). This method of building relationships between the
management and subordinates chops the understanding of the equality of workers in the
participation of ensuring the company development. Moreover, within this approach to the
formation of relations “manager – subordinate” the method of teambuilding is widely used
which contributes to team cohesion. Moral encouragement takes the form of verbal praise
and recognition, as well as various breast ranks (“The Best Team”, “The Best Project”, “The
Best Result”, etc.).
In Austria, Denmark, the Netherlands, Luxembourg, and Sweden the participation of
workers in company’s boards of directors with the right to vote is fixed legislatively. Unlike
these countries, in France the boards of directors include the representatives of workers in
company boards of directors who have no the right to vote. In Germany, workers’ councils
together with the management can approve the company’s charter, solve the problems relating
to the organization of production, working hours, vacation schedule, and introduction of
technical means for controlling labour productivity, as well as social protection and security of
workers which eventually stimulates labour activity of employees and improves the results of
production activity.
In Japan, the system of interrelations “manager – employees” is built according to the
principles of humane attitude towards a person, respect for elders and loyalty to the company,
revealing the personal qualities of the employee and promoting cultural relations between
11

members of the working collective. In Japanese companies, such industrial groups and
movements as “For Labour Productivity”, “For the Work without Defect”, “Control over
Product Quality” are widely used. To discuss the problems of production efficiency, products
quality and to make decisions on them the meetings are held regulatory with the participation
of some members of the labour collective on a voluntary basis. The management of Japanese
companies holds informal business dialogues with the employees (daily greetings, exchange of
information directly in the workplace). The above measures provide a direct economic effect in
the form of improving the efficiency of companies and indirect effect in the form of positive
moral and psychological climate in the team, that together give a greater synergistic effect.
We support the position of Statsenko and Loboda, which concerns some obstacles of the
economic, legal, social, psychological and managerial nature met in the formation of a new
non-financial incentives system for workers:
1) Economic difficulties - associated with the fact that under limited financial resources of
companies and increased business risk in Ukraine the motivation of personnel is based solely
on securing a guaranteed payment of wages, reducing or even eliminating bonuses, which
does not encourage workers to improve labour productivity and ultimately results in lower
quality of work.
2) Political difficulties - related to the lack of a developed legal framework for the protection
of employees. The lack of the legal protection of employees in many cases does not promote
the commitment to the company.
3) Social and psychological difficulties - determined by the peculiarities of mentality.
Impulsiveness, non-punctuality, envy of colleagues’ success are conditionally negative
characteristics of Ukrainian workers; enthusiasm, emotional involvement in the work,
willingness to help, personal commitment to the leader and team are conditionally their
positive characteristics.
4) Managerial difficulties - caused frequently by the intuitive approach to grounding the
administrative decisions because of the absence of the necessary management experience
(as the economic conditions are changing turbulently, often in a negative way) and the lack
of necessary knowledge of management theory [Statsenko and Loboda 2011, p. 33-34].
Luta and Buhtiarova [2012], analyzing the solutions initiated by the company’s owners
and managers in solving the problem of capital use in terms of retained earnings, believe that
the owners always tend to pay dividends and the managers vote for expansion. Taking into
account the interests of stakeholders, we believe that this statement needs to be clarified, firstly,
because of the presence of personnel as stakeholders in the implementation of specific
projects. This is true in the case when company’s shares are distributed among the members of
the working collective that took place in Ukraine during the mass privatization in 90s. Another
reason to provide some clarification is different types of shareholders in terms of ownership
(number of shares owned). Therefore, we propose a graphical interpretation of the conflict
between internal stakeholders as for the use of retained earnings in the form of the below matrix
(Table 1).
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Table 1. Matrix of motivation conflicts between internal stakeholders to ensure the capitalization of
the company
Expectations

Owners

Increase in company value

Minority
shareholders

Dividend payment

Majority
shareholders

Investment in production
development

Participation in property
redistribution
(Obtaining shares)

Investment in production development

Financial reward

Bonus payment

Payment and working conditions

Increase in bonus fund
Financing of social programs

Management

Personnel

Use of retained earnings

Source: Authors’ own work

As the managers have a larger amount of information than the owners, they can make
decisions contradictory to the interests of shareholders. For this reason, we consider it is
necessary to introduce the position of a financial manager, whose task will be making decisions
oriented towards the growth of company’s value for the benefit of its owners.
It is a conflict of interests of stakeholders that causes the need to make adjustments in the
process of implementing the company’s strategy of capitalization and ensure its new quality.
Given the conflict of interests of stakeholders one can determine that the task of top managers
is the regulation of certain operational processes to ensure capitalization of the company, as
well as the consideration of capitalization growth as one of the company’s KPI, since the growth
of capitalization undoubtedly creates the financial opportunities to provide the financial
motivation for the company’s stakeholders. One of the tasks of management will be to acquaint
staff with the idea of the need to improve the production processes and to reject short-term
enrichment in favour of significant stable results in the long run.
OPTIMIZATION OF THE PRODUCTION PROCESS AS THE BASIS OF FUTURE
MOTIVATION OF STAKEHOLDERS
In order to increase financial resources of the company due to the growth of its capitalization
the strategy of “Compression” has been elaborated for Nikopol Plant of Technological
Equipment (NPTE), which involves the improvement of the production process and provides
the satisfaction of the owners’ interests through the growth of EBITDA.
“Compression” strategy
I. Preconditions for elaborating “Compression” strategy
The difficult economic situation, growth of the dollar rate and, consequently, the cost of
material and energy resources inevitably lead to higher production costs. It forces the company
to develop the measures aimed at reducing the impact of the cost growth factors using the
internal resources to the maximum and a minimum amount of investments. The state of NPTE
13

is affected by a number of components of the internal and external environment, which
determine the low efficiency of the company.
• Market component
The active development of NPTE’s competitors, such as “Kant”, “Ahrospektr”, “DZBO”,
which have managed to produce the entire range of good-quality press and cold tools according
to the documentation due to investment in modern equipment during several years. Constant
volume of tools is provided by the increasing demand of the company’s main customer
“Centravis”. However, there is a further development of competitors that increase their
investment programs under growing needs of “Centravis”. A huge range of metal-working
equipment and short-term supply allow a minimum amount of investment to acquire it.
• Economic component
Production capacities of NPTE’s tool shop are designed to produce 250 tons of tools per month
including cold, hot and press tools under one-shift work. The current load is 35 tons. This factor
creates an excessive production space and inefficient loading of equipment. The excess of
production space requires additional costs for heating and maintaining buildings. A certain
range of products under a low output requires the maintenance of the old, unique in its
characteristics, equipment and more workers, though its share in the gross volume of the
company’s commodity products is rather low. High general production costs, partial loading of
personnel having various professions cause the high cost of man-hours and consequently nonmarket cost of production.
• Organizational component
NPTE was established as a single set of shops for continuous production of tools using different
technologies, which provided for the cooperation of shops to render mutual services on thermal
and mechanical treatment. There was no need for accurate accounting of costs and calculating
the real cost of production. Currently, under a small volume of production, the provision of
mutual services affects the costs related to the redistribution of shops that does not reflect the
real cost of products.
II. Content of “Compression” strategy
“Compression” strategy is based on the rational organization of the production process
by deepening the principle of specialization – the division of labour between the various
departments of the company by types of commodity products, and minimum cooperation.
• Tool Shop (TS)
Specialization of this shop is focused on the production of strategic types of tools for
“Centravis” – matrix rings, needles, gauges. The equipment of 1-5 spans designed for the
production of these tools is transferred to CNC area and is regrouped. The work is organized in
three shifts. On the part of 3-6 spans, adjacent to CNC area, it is planned to organize a
warehouse for finished goods, metal, spare parts of a mechanic and a power engineer. It is also
planned to sublease the areas of exempted spans 1-5 or to stop to pay “Energy Resources” for
rent. It will depend on NPTE’s worker’s participation in the maintenance of buildings. Thermal
treatment of tools will be made in 7-8 spans, as at present.
• Press Forging Shop (PFS)
14

The equipment of the tool shop designed for the production of hot forged tools, roughing
machining of forgings is transferred to the press forging shop together with the workers. The
tool shop should render services on thermal treatment of semi-finished products and tools until
the investment in the electric furnace of the press forging shop.
• Foundry Bay
The equipment of the tool shop designed for mechanical machining and grinding of molded
tools, for roughing machining of shaped casting is transferred to the foundry bay together with
the workers. The model shop is also transferred to the foundry bay. As a result of modernization
of cooling steel melting furnaces, the work of the foundry bay is provided in winter. The tool
shop will provide the services on thermal treatment of certain shaped casting.
III. Results of “Compression” strategy
• Tool Shop
As a result of “Compression” strategy the monthly cost savings, due to the redistribution,
amount to 20% and consequently the prime cost reduces by 8%. The labour productivity
increases from 2.1 tons / person to 2.3 tons / person. The main economic effect is achieved by
reducing the area of the tool shop: the number of employees reduces, heating of 1-5 spans is
turned off, general production costs reduce. Production capacity of CNC will provide 100%
orders on strategic types of tools for “Centravis. The project provides for the organization of
metal supplies and export of finished goods from the outside directly to the area of CNC, so the
TS can be considered as a separate unit for the purpose of future sale or joining “Centravis”.
• Press Forging Shop
As a result of the strategy implementation the cost of semi-finished products for “Centravis”
remains at the same level. The labour productivity in the shop remains unchanged. The shop
can be considered as a separate unit that produces commodity products in the form of semifinished products for “Centravis” and finished products as forgings and stampings for the
outside customers.
• Foundry Bay
The implementation of the strategy provides the increase in labour productivity from 5.0 tons /
person to 5.5 tons / person. The foundry bay can be considered as a separate unit that produces
products to external customers, including hot tools for “Interpipe”. The main results of
“Compression” strategy are grouped in the tables 2 and 3.
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Table 2. Annual P & L, UAH thous

Output, t

Plan,
Current
situation
791,4

771,5

-20

-2,5%

Centravis

56 967

55 593

(1 374)

-2,4%

Іnterpipe

12 308

12 308

0

0,0%

Outside agencies

26 547

26 535

(12)

0,0%

Total commodity output

95 822

94 436

(1 386)

-1,4%

Obligations and discounts related
to the sale

(147)

(147)

0

0,0%

Net commodity products

95 675

94 289

(1 386)

-1,4%

Cost price

(77 436)

(71 648)

5 788

-7,5%

Write-off of illiquid assets

0

0

0

Changes in remained finished
products

0

0

0

Transportation and storage of
products

(121)

(121)

0

0,0%

Gross profit

18 119

22 521

4 402

24,3%

Payment of wages to personnel

(11 130)

(11 130)

0

0,0%

Administrative expenses

(4 583)

(4 583)

0

0,0%

Other operating incomes
(expenses)

(1 195)

(1 195)

0

0,0%

Operating exchange differences

142

142

0

0,0%

Overheads (total)

(16 767)

(16 767)

0

0,0%

Profit from operating activities

1 353

5 754

4 402

325,4%

Financial expenses

11

11

0

0,0%

Result of operations under scheme
0
activities

0

0

Profit before tax

1 363

5 765

4 402

322,9%

Profits tax

(734)

(3 104)

(2 370)

322,9%

Net profit

629

2 661

2 031

322,9%

Depreciation

2 150

1 936

(213)

-9,9%

EBITDA

3 502

7 691

4 188

119,6%

Investments

(2 215)

(2 184)

Net profit before distribution

564

2 413

Gross profitability

18,9%

23,8%

Return on sales

0,7%

2,8%

EBITDA profitability

3,7%

8,1%

Indicator

Deviations

Plan,
“Compression”

Absolute

Relative

Source: Authors’ own work
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Table 3. Budget of incomes and expenses
Name
Commodity tonnage
Commodity products
1. Basic materials (minus waste)
2. Technological fuel
3. Energy costs
3.1 electric power
3.2 steam
3.3 compressed air
3.4 water (industrial water, drinking water)
4. Material costs
4.1 materials for technologies
4.2 materials for current and capital repairs
4.3 materials for maintaining basic assets
4.4 materials for other things
5. Wages fund
6. Charge on payroll
7. Depreciation of fixed assets
8. Other expenses
Total expenses
Result

Current situation
VC
FC
total
791
95 822
23 730
0
23 730
7 474
3 056
10 529
3 602
4 077
7 679
2 576
3 093
5 669
25
817
842
875
25
900
126
142
267
4 765
3 371
8 136
4 765
0
4 765
0
822
822
0
1 976
1 976
0
573
573
5 299
10 603
15 902
2 073
4 148
6 221
0
2 150
2 150
84
3 006
3 090
47 025
30 410
77 436
18 387

VC

23 430
7 102
3 590
2 574
16
878
122
4 487
4 487
0
0
0
4 578
1 791
0
0
44 978

“Compression”
FC

0
2 064
3 472
3 015
359
14
84
3 339
0
822
1 979
538
8 838
3 457
1 936
3 563
26 670

total
772
94 436
23 430
9 167
7 061
5 589
375
892
205
7 826
4 487
822
1 979
538
13 416
5 248
1 936
3 563
71 648

VC

(300)
(371)
(12)
(2)
(9)
3
(4)
(278)
(278)
0
0
0
(720)
(282)
0
(84)
(2 047)

Deviations
FC

0
(991)
(605)
(77)
(459)
(11)
(58)
(33)
0
0
2
(35)
(1 765)
(690)
(213)
557
(3 741)

total
20
(1 386)
(300)
(1 362)
(618)
(80)
(467)
(8)
(62)
(311)
(278)
0
2
(35)
(2 485)
(972)
(213)
473
(5 788)

22 788

4 402

Source: Authors’ own work
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To form P & L, the approach of comparison of commodity products is used in order to
neutralize the impact of the factor of the range and customer structure. The impact of the factor
“price” for basic materials and energy resources is also excluded. So, P & L shows the net result
of implementing the strategy in the amount of thousand UAH 4188 a year by EBITDA.
IV. Risks
The risks range from the maximum probability of their occurrence to the minimum one.
• Reduction of orders on hot molded tools from Georgia and “Interpipe”.
This tool is the most profitable and in fact it defines the net income of NPTE. Reduced orders
will lead to the unprofitability of the foundry bay, and lower profits for the whole plant.
Measures to minimize the risk:
- closing the foundry bay;
- purchasing raw materials for manufacturing forgings and stampings in the press forging
shop instead of producing its own ingots in the foundry bay;
- sale or organization of joint business with major customers of shaped castings in Ukraine.
• Reduction of orders on hot forged tools from “Interpipe”.
This tool is profitable both for the press forging shop and the plant.
Measures to minimize the risk:
- optimizing the number of personnel working in the press forging shop to produce
exclusively semi-finished products for “Centravis”;
- the aggressive policy on increasing the orders for forgings and stampings, including the
entry into the foreign markets.
• Reduction of orders on press and cold tools from “Centravis”.
Measures to minimize the risk:
- reducing the production of rings and needles to the minimum level, purchasing thermal
treatment services from the outside in order to close 7-8 spans.
• Reduction of production capacity at the time of transferring the equipment.
Measures to minimize the risk:
- representing the plan on tools production to “Centravis” 2-3 months in advance in order to
prepare the reserve;
- using the parallel technologies for producing needles (Puma technology or grinding).
Despite the risks, to reduce production costs it is advisable to launch a series of measures that
quickly pay for themselves and have been already introduced by the competitors and partners:
- using solid fuel boilers which should be installed in each production area instead of a gas
boiler house;
- installing ceiling infrared heating;
- moving plant administration to a separate heating unit to provide the heating;
- installing a steam generator for technological needs and heating water for domestic
premises;
- replacing emergency lighting with energy-saving lamps.
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CONCLUSIONS
The strategy of “Compression” is a complex of quickly realized measures aimed at improving
the efficiency of NPTE – the increase in labour productivity, reduction of production costs,
profit-making. EBITDA for the year amounts to UAH 7691.
The cost of the strategy implementation amounts to UAH 6200. Payback period is 1.5 years.
The given strategy should be considered as an intermediate step towards the further
development of NPTE by organizing joint business with other shareholders from the press
forging shop and foundry bay, sale of productions or attaching the tool manufacture to
“Centravis”.
Released area of the tool shop and the internal infrastructure allow to apply them for
developing “Centravis” warehousing, to organize the production of pipes or perform certain
manufacturing operations at minimal cost.
Further development of the tool production will be aimed at improving labour
productivity and reducing the cost of tools strategic for “Centravis”.
To implement the necessary investments the additional net income according to the project
“Compression” is to be kept in the company itself increasing thus the liabilities passive under
the head “Retained earnings”, and used exclusively for the development of the company, not
for the payment of dividends. The decision on the use of the additional income by the company
fully corresponds to the interests of its owners. Moreover, the proposed project will meet the
interests of managers, and in the long run the interests of Centravis personnel due to the increase
of its financial capabilities.
Bringing the information about the short- and long-term results of the above strategy
proposed for optimizing the production process will help all stakeholders to recognize the
necessity of the given project and strengthen their motivation for its successful implementation.
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STRESZCZENIE
Motywacja interesariuszy jest postrzegana przez pryzmat poziomu kapitalizacji jako celu rozwoju
przedsiębiorstwa. Konflikty motywacyjne powstające pomiędzy interesariuszami w procesie
zapewnienia kapitalizacji przedsiębiorstwa można pogrupować w zależności od rodzaju interesariuszy,
ich oczekiwań co do wyników rozwoju firmy i podziału zatrzymanych dochodów.
W niniejszym artykule przedstawiono przykład zarządzania kapitalizacją średnich
przedsiębiorstw na Ukrainie i jednocześnie zainteresowanymi stronami, dając podstawy do
wykorzystania ‘strategii kompresji" w przedsiębiorstwach, które niedostatecznie wykorzystują moce
produkcyjne oraz nie są zdolne do korzystania z rezerw wewnętrznych. Strategia ta opiera się na
racjonalnej organizacji procesu produkcji, pogłębiając zasadę specjalizacji zakładającej podział pracy
według rodzajów produktów oraz zasadę minimalnej współpracy.
Realizacja strategii umożliwia wzrost kapitalizacji według wskaźnika EBITDA. Świadomość
wszystkich zainteresowanych stron o krótko- i długoterminowych wynikach proponowanej strategii
pomoże im w uznaniu jej konieczności i promowaniu ich motywacji do jej pomyślnego wdrożenia.
Słowa kluczowe: przemysł stalowy, produkcja, przedsiębiorstwo, interesariusze, kapitalizacja,
EBITDA
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Abstract: Due to a rising environmental consciousness and tightening law regulations, nowadays
companies are forced to search for more and more efficient and environmentally-friendly manufacturing
methods in order to deliver high-quality goods according to customers’ needs. Although Lean
Manufacturing has been successfully applied in many manufacturing enterprises for optimization
purposes, the aspect of environmental goals has long been neglected, until the emergence of Green Lean
philosophy about 2007. However, an influence of specific Lean Tools on an environmental performance
remains still unclear.
The aim of this paper is to assess a role of Lean Manufacturing Tools in improving the actions
made by organizations to achieve their environmental effects. The evaluation was conducted basing on a
survey among 14 Lean Manufacturing and environmental management experts and performed in the 1st
quarter of 2017. Within the scope of the research, the following hypothesis has been assumed: 5S is the
most influential tool in terms of environmental effects’ achievement related to organizations’ activity. As
the research showed, indeed application of Lean Manufacturing Tools can enhance environmental
performance, however it is not free of limitations.
Keywords: Lean Manufacturing, Green Lean, environmental management, environmental
performance,

INTRODUCTION
For years, Lean Manufacturing has been successfully implemented in many enterprises all over
the world. The greatest heyday of the paradigm falls to 90s, after publication of “The Machine
That Changed The World”, a result of a 5-year study of Massachusetts Institute of Technology
over the future of automotive industry. The authors confronted a mass production system with
Japanese “lean” approach from Toyota Motor Company and concluded, that Lean production
would become a standard global production system of XXI century and would replace a wellknown mass production and craft production in all areas [Womack, Jones and Roos 1990].
Indeed, this was the beginning of a rapid spread of Lean thinking in various dimensions –
initially in automotive industry, but later also in other branches such as electronic, electric,
healthcare, food or fast-moving-consumer-goods industry. Nowadays, one can find at least few
signs of Lean thinking in almost every manufacturing company [Koch et al. 2010]. Moreover,
Lean has also spread in other directions: apart from manufacturing processes, it was also
transferred to services, virtual services, governmental organizations management,
environmental management or sales. It is believed that a future of lean is unlimited in various
branches and its tools can be applied in every situation [Sayer and Williams 2012].
Parallel to development of Lean Manufacturing in Toyota, there was another concept of
quality management emerging in late 80s, namely Six Sigma in Motorola Company. Years of
experience of numerous companies led to appearance of Lean Six Sigma – a blend of both
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ideas. George [2002] believes, that Lean and Six Sigma ought to be blended, as Lean itself
cannot bring process under statistical control, while Six Sigma is incapable of speeding up
processes or reducing investment capital. Only together Lean Six Sigma leads to maximizing
shareholder value through achieving the fastest improvement of customer satisfaction, cost,
quality, process speed and invested capital. The process of development of Lean thinking was
depicted on Figure 1.

automotive
industry

• electric and IT
• healthcare
• FMCG
• food
• services
• virtual services
• governmental organizations

Lean Six Sigma

manufacturing
processes

• lean sales
• lean office
• lean logistics
• green lean
• lean administration and accounting

Fig. 1. Development of Lean philosophy in different branches and processes.
Source: Authors’ own work

Since environmental issues along with sustainable development are concerns of today’s
world, the above-mentioned idea of Green Lean1 has gained much popularity in the last decade,
due to the mutual optimization and environmental benefits, that it brings. Indeed, in the face of
global problems such as growing competition, increasing costs of raw materials or risks of
climate change, companies ought to engage in eco-efficient lean and green manufacturing in
order to achieve competitive advantage and enhanced profitability [Dhingra, Kress and Upreti
2014]. The other benefits of green lean thinking embrace reduction of costs, process flow
improvement and lead time reduction, lower risk of non-compliance, better fulfillment of
customers’ expectations, environmental quality improvement, employee morale and
commitment improvement [U.S. Environmental Protection Agency 2007]. In fact, United
States Environmental Protection Agency was a pioneer in considering a combination Lean
Manufacturing idea with environmental management. Issued in 2000 The Lean and Green
Supply Chain: A Practical Guide for Materials Managers and Supply Chain Managers to
Reduce Costs and Improve Environmental Performance was aimed at depicting of best
practices from American companies regarding significant savings while reducing or even
eliminating environmental impacts. Later on, issued in 2007 The Lean and Environment Toolkit
continued to promote the Green Lean idea, along with other, more detailed toolkits: Lean,
1

Green Lean (also Lean Green, Sustainable Lean etc.) – a method of manufacturing that aims at minimization of
waste and pollution through product and process design [Maruthi and Rashmi 2015].
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Energy and Climate Toolkit which enhances costs savings through energy savings, Lean and
Chemicals Toolkit aimed at chemicals savings, Lean and Water Toolkit considering water
savings and also a hybrid of Lean, Six Sigma and environmental management: Environmental
Professional’s Guide to Lean and Six Sigma2. This organization had a crucial input in diffusion
of Green Lean thinking among various companies all over the world.
The fact that environmental waste3 became the ninth type of waste [Vinodh, Arvind and
Somanaathan 2011] only confirms how significant is this issue today. A literature review made
by the authors proves, that the concept of Green Lean has a huge potential and is still at the
early stage of development, but numerous initiatives in this field are being undertaken [Wronka
2014]. Thus, several concepts aimed at enhancing and/or capturing the greenness of companies
have been developed, for instance: Greenometer by Salem and Deif [2017], The Lean and Green
House Model by Verrier, Rose and Caillaud [2016], Carbon-Value Efficiency by Ng, Choong
Low and Song [2015], Sustainable Value Stream Mapping by Faulkner und Badurdeen [2014]
or Eco Lean Methodology by Lean Enterprise Institute Poland et al. [2014-2017].
In order to determine whether the Green Lean concept is alive in organizations or maybe
exists only as a theoretical concept in the papers, a survey among Lean and environmental
management experts has been conducted.
MATERIALS AND METHODS
In order to determine the role of Lean Manufacturing Tools in improvement of actions
undertaken by organizations and aimed to achieve their environmental effects, a survey4 among
14 experts from various organizations, authors of leading articles in the topic of Lean
Manufacturing and environmental management, has been conducted. The experts have been
searched out with the aid of the Database of Polish Science. The following keywords have been
given: Lean Manufacturing, Environmental Management and Green Lean, and thus target
screening of the respondents has been applied. As a result, the group of experts from different
branches has been formed, comprised of both practitioners and academics. The research was
led in the first quarter of 2017 and poses the initial phase of a vaster research project of the
authors. The survey embraced questions of different kind: single-choice, multiple-choice and
multiple-choice-nets. Analysis of results was based on calculation of arithmetic mean of the
answers.
RESULTS AND DISCUSSION
At the beginning of the survey, a question about influence of Lean Manufacturing Tools on
improvement of environmental performance has been risen. 86% of the asked are more or less
convinced about a positive correlation between the tools and the environmental performance’s
improvement: 64% rather positive, 22% definitely positive (Figure 2).

2

For more see: https://www.epa.gov/lean/how-can-my-company-get-started-lean-and-environment
Environmental waste – unnecessary or excessive usage of resources and substances, that are released to air, land
and water, which may be harmful for environment and humans [Vinodh, Arvind, Somanaathan 2011]
4
Survey – „a systematic method for gathering information from (a sample of) entities for the purposes of
constructing quantitative descriptions of the attributes of the larger population of which the entities are members”
[Groves et al. 2009].
3
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Does Lean Manufacturing Tools' application contribute to
improvement of environmental performance in manufacturing
organizations?

I don't
know definitely
yes
14%
22%

rather yes
64%

Fig. 2. Lean Manufacturing Tools vs. environmental performance improvement.
Source: Authors’ own work

Next questions concerned the effectiveness and frequency of application of Lean Tools
for the environmental purposes. According to the experts, the most often used Lean Tools for
environmental goals are: 5S (average 3,55; in the range 1-5), Kaizen (3,33), TPM (3,20) and
Zero Defects (2,91), (Figure 3). The same tools were pointed out as the most effective in the
context of environmental performance (Figure 4). When it comes to the least frequently used
tool, respondents pointed at Visual Control (2,36), while the least effective one is Kanban
(2,82).
The next question concerned the main environmental benefits stemming from
application of Lean Tools (Figure 5). 11 out of 14 experts pointed out at reduction of a risk of
breakdowns in organizations, which was followed by water use reduction (9). Land use
reduction was the least common profit of Lean Tools application. As for barriers (Figure 5.),
the lack of management involvement was pointed out by 11 respondents, while 8 answers fell
to lack of understanding the profits of Lean. Additionally, one expert paid attention to mental
barriers as an important obstacle when applying Lean Tools for the environmental actions’
improvement.
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The most frequent Lean Tools used for environmental performance improvement

Frequency of application

5,00
4,00

3,55

3,33

3,20
2,75

3,00

2,91

2,83
2,50

2,40

2,58

2,36

2,42

2,00
1,00
0,00
5S

Kaizen Kanban Just in SMED
Time

TPM

VSM

Poka
Zero Visual Gemba
Yoke Defects Control Walk

Fig. 3. Frequency of application of Lean Tools for environmental purposes (in the range 1-5).
Source: Authors’ own work

The most effective Lean Tools used for environmental performance improvement
5,00
4,10

effectiveness

4,00

3,90

3,90

2,82

3,00

3,10

3,00

3,70
3,33

3,30

3,13

3,18

VSM

Poka
Zero Visual Gemba
Yoke Defects Control Walk

2,00
1,00
0,00
5S

Kaizen Kanban Just in SMED
Time

TPM

Fig. 4. Effectiveness of Lean Tools in environmental performance improvement (in the range 1-5).
Source: Authors’ own work
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Main environmental benefits of application of Lean Manufacturing Tools
11

reduction of a risk of a breakdown
9

water use reduction
natural resources and raw material use reduction

8

energy use reduction

8

rationalization of environmental management

6

reduction of environmental product impact

6

solid waste reduction

5

emitted energy reduction

5

emissions reduction

4

toxic and hazardous substances use reduction

4
3

sewage reduction
1

land use reduction
0

2

4

6

8

10

12

Fig. 5. Main environmental benefits of Lean Manufacturing Tools (total amount of answers).
Source: Authors’ own work

Main barriers of application of Lean Manufacturing Tools for environmental
actions' improvement
11

lack of management involvement
8

lack of understanding the profits of Lean
7

lack of knowledge
staff's aversion to changes

4

lack of time

4

additional costs

3

mismatch between Lean Tools and environmental issues

3

earlier failures by Lean introduction

2

mismatch with corporate culture

2

lack of development opportunities for employees

2
1

Other (mental barriers)
0

2

4

6

8

10

12

Fig.6. Main barriers of application of Lean Manufacturing Tools for environmental actions’
improvement (total amount of answers).
Source: Authors’ own work
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Further part of the questionnaire contained questions in the form of nets. Respondents were
asked to assess the influence of individual tools on specific optimization and environmental
benefits, as presented on the scheme below:

Lean
Tools

Benefits
□1 □2 □3 □4 □5
□1 □2 □3 □4 □5

□1 □2 □3 □4 □5
□1 □2 □3 □4 □5

□1 □2 □3 □4 □5
□1 □2 □3 □4 □5

Fig. 7. The structure of a question net.
Source: Authors’ own work

The assessment was done in the scale of 1-5:
Lack of
relation
1

2

3

4

Very strong
relation
5

Fig. 8. The structure of assessment of relations between Lean Tools and environmental benefits.
Source: Authors’ own work

The analysis of answers from the question nets was based only on sets of tools and benefits,
that were evaluated positively, namely at the level of 3 or more (marked in grey above).
As far as optimization benefits are concerned, the experts pointed out a series of tools
that contribute to their achievement. Reduction of production stoppages and lead time is mostly
supported by JIT (4,29), SMED (3,86) and TPM (3,57), while reduction of inventory is mainly
provided by JIT (4,29) and Kanban (3.71). The most successful in failure and remake reduction
tools are Zero Defects (4,50), Poka Yoke (4,17) and Standardized work (4,17). Staff potential
deployment is mostly fostered by VSM and Gemba Walk, however, these relations were
evaluated relatively low (3,5 i 3,5). Moreover, JIT (4,0) and Zero Defects (3,71) may be the
source of cost savings, while enhanced process awareness is caused by Gemba Walk (4,0) and
VSM (3,80). Almost all of the tools pointed out in the survey support productivity, namely
reduction of redundant motion and transport or excessive processing. This correlation was
highest evaluated for SMED (4,43), Standardized Work (4,29), Zero Defects (4,17) and TPM
(4,17). Highest product quality may be achieved by application of Zero Defects (4,43),
enhanced work safety occurs thanks to Poka Yoke (3,67) and 5S (3,63). All of these
relationships were depicted on the Figure 9 below.
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Influence of individual Lean Tools on specific optimization benefits
5,00

5S
4,50

Kaizen
Kanban
JIT
SMED
TPM

4,00

VSM
Poka Yoke
Heijunka
Visual Control
Cellular Manufacturing

3,50

Standardized Work
Supermarket
Zero Defects
Gemba Walk

3,00
reduction of
production
stoppages and
lead time

reduction of
inventory

reduction of
failures and
remakes

staff potential
deployment

cost savings

enhanced
process
awareness

enhanced
productivity

Fig. 9. Individual Lean Tools vs. specific optimization benefits evaluated at the level of 3 or more (in the range 1-5).
Source: Authors’ own work

higher product enhanced work
quality
safety

.

Influence of individual Lean Tools on specific environmental benefits
5,00
4,50
4,00
3,50
3,00
5S
Kaizen

2,50

JIT
2,00

TPM
Zero Defects

1,50
1,00
0,50
0,00

energy use
reduction

land use
reduction

natural
toxic and
resources and
hazardous
raw material use substances use
reduction
reduction

water use
reduction

Fig.10. Individual Lean Tools vs. specific environmental benefits.
Source: Authors’ own work.

emissions
reduction

emitted energy
reduction

sewage
reduction

solid waste
reduction

reduction of rationalization
environmental
of
product impact environmental
management

reduction of a
risk of a
breakdown

When considering the relations between Lean Manufacturing Tools and environmental benefits
(Figure 10), the assessment of respondents was much more cautious - only few sets of tools and
benefits have been evaluated above the level of 3 in the scale of 1 to 10. According to the
respondents, the reduction of energy use is primarily supported by Zero Defects (3,25). The
reduction of natural resources and raw material use is mainly supported by Zero Defects (4,20),
JIT (3,40) and Kaizen (3,17). Solid waste reduction as well as reduction of environmental
product impact are mostly encouraged by Zero Defects (3,25). Finally, the reduction of a risk
of a breakdown was evaluated the highest: 5S (4,50), TPM (4,50) and Kaizen (3,20).
Basing on the results of the survey it can be stated, that the most effective and at the
same time most frequently used Lean Tools for enhancing environmental performance are: 5S.
Kaizen, TPM and Zero Defects. Thus, the hypothesis, that 5S is the most influential tool in
terms of achievement of environmental effects of organizations’ activities was verified
positively. However, 5S supports mostly the reduction of a risk of a breakdown, while all of the
other environmental benefits are not strongly enhanced by this tool. As for Kaizen, most
effective by reduction of natural resources and raw material use and reduction of a risk of a
breakdown, it also does not bring much of other green benefits. This same concerns JIT (most
effective by reduction of natural resources and raw material use) and TPM (reduction of a risk
of a breakdown) – these tools are only profitable in some areas of environmental improvements.
On the contrary, Zero Defects supports most of the green benefits, chiefly reduction of natural
resources and raw material use, and thus, according to the survey, is the most universal Green
Tool.
CONCLUSIONS
In spite of the fact, that at the beginning of the survey experts unanimous stated, that Lean Tools
support the process of environmental actions improvement, the connections between individual
tools and specific environmental benefits (as opposed to the optimization benefits, where direct
correlations have been pointed out unanimously by most of the respondents) were evaluated
with considerable reserve. This attitude can be justified with relative small amount of empirical
research in the field of application of Lean Tools for enhancement of environmental
performance. This only confirms the existence of a cognitive gap in the area.
The survey conducted among experts shows, that the concept of Green Lean is still a
novelty in Polish organizations and faces the same barriers as the idea of Lean Manufacturing:
lack of management involvement, lack of understanding the profits of Lean and also lack of
knowledge. All of the above-mentioned inhibitions involve human factor, which seems to be
crucial for introduction of the idea of Green Lean. In fact, Bryke and Starzyńska [2015] have
already developed the idea of Human Green Lean, where apart from process effectiveness and
environmental care, also human factor is taken into account, as the missing part of sustainable
development. However, the authors concluded, that while most of the tools function well in the
field of processes’ optimization and work environment, there is still a significant deficit in the
field of environmental care. Thus, sustainable development of organizations is limited and
requires improvement. The result of the survey confirms the low level of environmental
awareness, as many managers still associate green initiatives with costs. Moreover, most of the

respondents claimed, that their organizations do not track the carbon5 and water6 footprint and
only few environmental ideas are submitted in the system of staff ideas’ collection (2015). Most
probably the idea of Green Lean still requires propagation in order to convince the practitioners
about its wide-ranging advantages and surely remains an open topic for further research.
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STRESZCZENIE
Z uwagi na rosnącą świadomość środowiskową oraz coraz bardziej restrykcyjne regulacje
prawne, obecnie przedsiębiorstwa zmuszone są do poszukiwania coraz to bardziej efektywnych, a
zarazem przyjaznych dla środowiska metod wytwarzania tak, aby móc dostarczać wyroby wysokiej
jakości, odpowiadające wymaganiom klientów. Pomimo, iż Lean Manufacturing z sukcesem wdrożono
w wielu przedsiębiorstwach produkcyjnych w celach optymalizacyjnych, kwestia celów
środowiskowych przez lata była pomijana, aż do narodzin filozofii Green Lean około roku 2007.
Niemniej jednak wpływ poszczególnych narzędzi Lean na poprawę środowiskowych efektów
działalności organizacji nadal jest niejasny.
Celem artykułu jest dokonanie oceny roli narzędzi Lean Manufacturing w doskonaleniu działań
prowadzących do osiągania środowiskowych efektów działalności. Oceny tej dokonano w oparciu o
wyniki badania przeprowadzonego pośród 14 ekspertów z zakresu Lean Manufacturing i zarządzania
środowiskowego, które przeprowadzono w pierwszym kwartale 2017 roku. W ramach badań
postawiono hipotezę, że w największym stopniu na osiąganie środowiskowych efektów w ramach
prowadzonej przez różne organizacje działalności wpływa 5S. Jak pokazują wyniki badania,
zastosowanie narzędzi Lean Manufacturing może wspomagać osiąganie środowiskowych efektów
działalności, jednakże istnieje szereg czynników ograniczających takie działanie.
Słowa kluczowe: Lean Manufacturing, Green Lean, zarządzanie środowiskowe, efektywność
środowiskowa
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Abstract: Freshwater is the only abiotic natural resource which is “renewable and finite” at the same
time. Nowadays water crisis is identified between the major potential risks in the world and important
economic, environmental and social implications could occur as a consequence of “water scarcity”.
Many efforts were addressed to define metrics for water use assessment, according to the Life Cycle
Assessment methodology.
This paper aims to make an overview of the main experiences in water use assessment and
management carried out in recent years both at global and local scale, by highlighting the needs to
harmonize indicators and impact assessment methods in order to assessing the “Water Profile” of a
product, company, region or nation. The ISO standards [14046:2014] for Water Footprint calculation
were analysed and with the beta version of Water Use Impact Assessment Method, UNEP/SETAC
Water Working Group released in 2015 were compared.
Differences in evaluating the environmental implication of the consumptive and degradative use
of water were also underlined. Experiences in mapping of global and local water scarcity were
examined, and specific software, performed in order to support decisions in water management, were
also mentioned. The overview was ended with the analyses of the principal initiatives for sustainable
water stewardship.
Keywords: Water Footprint, Water Scarcity, Water Profile, Impact Category, Life Cycle Impact
Assessment

INTRODUCTION
Nowadays, water-oriented assessment is one of the most global pressing environmental issue,
especially for geographical areas characterized by long period of drought, for which economic,
environmental and social implications of water scarcity could represent a real problem in the
future [FAO 2014]. According to the Global Risk Report of 2017, water crises was consistently
indicated among the top-ranked global risks for the past seven editions and it could have ever
more relevance in the next years due to the increasing of pressure on water resources as a
consequence of climate change and population growing [World Economic Forum 2017]. So, an
assessment of water scarcity and water resources management have become a crucial points
due to the fact that their consequences are significant and widespread, affecting many economic
sectors and people at any level [World Meteorological Organization (WMO) and Global Water
Partnership (GWP) 2016]. For these reasons, many attempts were experienced in order to define
metrics capable to evaluate water resources vulnerability and help managers and policy makers
to cope with water scarcity and minimize the impact of water abstraction at global and local
scale [Akhmouch and Clavreul 2016; Environment Agency 2016; Russo, Cappelletti and
Nicoletti 2016; Boulay et al. 2015; Brown and Matlock 2011; Rijsberman 2006; Sullivan 2002;
Ohlsson 2000; Falkenmark and Widstrand 1992].
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Basically, indicators and indices developed for assessing an environmental impact of
water use are often based on Life Cycle Assessment (LCA) and Water Footprint (WF)
methodology [Pfister et al. 2017; Pacetti, Lombardi and Federici 2015; Pfister et al. 2015;
Curran 2012; Jefferies et al. 2012; Berger and Finkbeiner 2010; JRC-IES 2010; Chapagain and
Orr 2009; Koehler 2008; ISO 14040 2006; ISO 14044 2006; Russell, Ekvall and Baumann
2005]. Furthermore, the increasing interest in assessing the water use from a LCA perspective
brought about a continuous debate concerning a need to harmonize any metrics for evaluating
the environmental implications of water use, both from a quantitative and qualitative point of
view.
So, aimed at supporting practitioners from industry and academia in environmental
modelling of Water Use in LCA, a working group (WULCA) has been established in May 2013
and the members have received a mandate from the UNEP SETAC Life Cycle Initiative (Project
on Global Guidance on Environmental Life Cycle Impact Assessment Indicators) to lead a
process of harmonization and to reach a consensus on modelling the water use impact category
[UNEP and SETAC 2013]. An impact category indicator named “Available Water Remaining
(AWaRe)” has been performed by WULCA [WULCA 2016]. However, despite these
methodological experiences, other initiatives have been carried out with the aim to of enriching
databases and developing software capable to analyse the water use and map the water scarcity
[Lutter et al. 2016; FAO 2014; Gassert et al. 2014; Hanasaki et al. 2010; Chapagain and Orr
2009; Koehler 2008; Chaves and Alipaz 2006; Smakhtin, Revenga and Döll 2005; Sullivan
2002]. These tools should support policymakers and decision makers and promote sustainable
water management [WATENER 2017; WWF 2013]. This paper aims to go into the abovementioned experiences, by focusing on the multiple aspects of water use assessment, starting
from the LCA perspective in developing impact indicators until the most recent initiatives for
sustainable water stewardship.
TOOLS AND METHODOLOGIES
The LCA methodology considers the environmental impacts of all stages of products the life
cycle, from a raw materials acquisition through a production, a use and, finally, a waste
management [Russell, Ekvall and Baumann 2005; Bauman and Tillman 2004; Guinée et al.
2001]. This methodology was standardized according to the ISO (International Organization
for Standardization) standards: ISO 14040:2006 and ISO 14044:2006, in four steps: goals and
scope definition, inventory analysis, impact assessment and interpretation [ISO 14040 2006;
ISO 14044 2006]. According to this methodology the impact of water use is calculated as a
resource depletion, while the effects of degradation in quality of the water resources (pollutants
released in the watershed) is modelled a as part of impact categories such as acidification,
eutrophication, freshwater and marine eco-toxicity etc.
In August 2014, a new standard, under the ISO 14000 series (Environmental
Management) has been released in order to define, in a LCA perspective, the calculation of
Water Footprint (WF). Indeed, the ISO 14046 specifies principles, requirements and guidelines
related to water footprint assessment of products, processes and organizations [ISO 14046
2014].
The main characteristics of this new standard are [Thylmann 2017]:
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- It is based on a life cycle assessment (according to ISO 14044).
- It is modular (i.e. the water footprint of different life cycle stages can be summed to
represent the water footprint).
- It identifies potential environmental impacts related to water.
- It includes relevant geographical and temporal dimensions.
- It identifies quantity of water use and changes in water quality.
In order to understand the WF concept it is very relevant to define right terms able to
identify the withdrawal, consumptive use and pollution of water [ISO 14046 2014; Bayart et
al. 2010; Pfister, Koehler and Hellweg 2009]. This difference plays a very important role in
WF calculation, because of additional information required to analyse qualitative aspects
(degradative use) respect to the destination of water after its use (release into the same
watershed or not).
The water use is identified as use of water by human activities; it includes, but is not
limited to, any water withdrawal, water release or other human activities within the drainage
basin impacting water flows and quality.
Water consumption is considered as the water removed from, but not returned to the same
watershed. Water consumption can occur as consequence of evaporation, evapotranspiration,
product integration or release into a different drainage basin or into the sea. Evaporation from
reservoirs is also considered water consumption.
Furthermore, it is also fundamental to distinguish the consumptive use from degradative
use. The first one describes all freshwater losses, on watershed level, which are caused by
evaporation, evapotranspiration from plants, freshwater integration into products, and release
of freshwater into sea (e.g. wastewater treatment plants located on the coast line).
On the other hand, “degradative use” identifies quality alterations and describes the
pollution of water (e.g. tap water that becomes wastewater after use). However, these alterations
in quality are not considered to be water consumption. So, for what concern water consumption,
from an impact assessment perspective, usually, only “fresh water consumption” is relevant,
because of it is considered a limited natural resource, while it is not the same, for example, for
sea water. Regarding the impact assessment of change in quality of water, expressed as a
potential degradation, it is worth nothing that, while emissions into water are usually covered
in Life Cycle Inventories, the term “degradative use” itself does not specify the extent of
changes in water quality, nor their environmental relevance.
According to Hoextra et al. [2011], the WF is calculated as the sum of three types of water:
Green, Blue and Grey. The first two represent the direct and indirect effect of water use, while
the latter is expression of water pollution as a virtual water. In particular:
- The Green Water is linked to the human use of the evaporative flow from the land surface,
mostly for growing crops or production forest. The green water footprint is the volume of
rainwater consumed during the production process.
- The Blue Water refers to the consumptive use of the run-off flow, representing the
abstraction of run-off from the catchment insofar as it does not return to the catchment in
the form of return flow. The blue water footprint shows the volume that has been effectively
taken out of the total run-off flow, so it shows the “appropriated tap capacity”.
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- The Grey Water is defined as the volume of “virtual water” required to assimilate waste,
quantified as the volume of water needed to dilute pollutants to such an extent that the
quality of the ambient water remains above agreed water quality standards.
So, in addition of the traditional impact assessment on freshwater depletion, the WF
includes green and grey water and the indirect water-use component, while the only water
withdrawal, considered as non-consumptive water use (return flow), is not included in the
calculation.
Despite its value as a metric able to quantify the potential environmental impacts related
to quantitative use of water and changes in water quality, WF presents a limit linked to the
omitted information related to the geographical context in which the water abstraction occurs.
It is worth nothing that in the impact assessment of water, the location of watershed is crucial.
In water abundant areas, the effects of water use and consumption will have a very low impact,
while in dry areas the effects could be extremely higher. These impacts can be determined by
characterizing WF at a specific place with regionally specific stress factors, by introducing the
concept of “water scarcity”.
The Water Footprint Network (WFN) argues that “Total Freshwater Consumption”
corresponds to the “blue water footprint” plus “green water footprint”, so the WFN uses the
term “water footprint” different than ISO 14046 [WFN 2017]. As regionalized impact
assessment is not part of the water footprint, according to the WFN the changes in water
quantity or availability are addressed as “Water Scarcity Footprint”.
Despite regionalized assessment of water use is a comparatively new field in practical
LCA work [Russo, Cappelletti and Nicoletti 2016], different impact assessment methods to
assess water scarcity are published [Sala et al. 2016] and many characterization factors were
experienced in order to map water scarcity in the world and define stressed areas.
Pfister et al. [2009] developed the Water Stress Index (WSI). Because of its robust
documentation and easy access to the characterization factors, it has been the most widely used
water scarcity indicator so far. The WSI is calculated as “Water Deprivation” (in m³) or “RED”
water (Relevant Environmental Depletion).
Frischknecht and Büsser Knöpfel [2013] performed the Unit Eco Scarcity Method
(Umwelt Belastungspunkte, UBP), which was indicated as recommended method for defining
the Product Environmental Footprint [EC 2016]. This method defines a midpoint impact
category “Resource depletion water, midpoint (v1.09)”, by considering water inputs which are
multiplied by characterization factors developed by the Joint Research Centre of the European
Commission. For UBP, the resulting unit are points of Eco Scarcity.
Recently, the UNEP-SETAC working group on water use in LCA (WULCA) has
published a consensus method to assess water scarcity, called “Available Water Remaining”
(AWaRe). This method is now also recommended to be used in the PEF studies within the
framework of the European Commission [Sala et al. 2016].
AWaRe is to be used as a midpoint indicator representing the relative Available Water
Remaining per area in a watershed, after the demand of humans and aquatic ecosystems has
been met. For AWaRe, the resulting unit is “User Deprivation Potential” (UDP), measured in
m³ world-equivalents. It assesses the potential of water deprivation, to either humans or
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ecosystems, basing on the assumption that less water remains available per area, more likely
another user will be deprived [WULCA 2016].
According to WULCA [2016], it is calculated as the water Availability Minus the
Demand (AMD) of humans and aquatic ecosystems and is relative to the area (m3*m-2 *month1
). In a second step, the calculated value is normalized with the world average result (AMD =
0.0136 m3*m-2 *month-1) and inverted. Hence it represents the relative value in comparison with
the average m3 consumed in the world. Once inverted, 1/AMD can be interpreted as a surfacetime equivalent to generate unused water in this region. The indicator is limited to a range from
0.1 to 100, with a value of 1 corresponding to the world average. For example, a value of 10
represents a region where there is 10 times less available water remaining per area than the
world average.
However, the above-mentioned impact assessment methods only address changes in
water quantity, while for a holistic “Water Profile” water scarcity should be added to the
assessment of impact categories that address changes in water quality (Fig. 1) [Thylmann 2017].

Fig. 1. Water Profile
Source: [Thylmann 2017]

These methodological experiences inspired the development of tools capable to map
water profile in the world and promote initiatives for sustainable water stewardship both at local
and global scale.
As a consequence of methodological understanding in assessing water scarcity and water
profile, many experience in Decision Supporting Systems (DSS) were developed. These tools
represent the practical application of these methodologies and allow decision makers and
policymakers to obtain interesting results.
Water Stress is indicated as one of the principal indicators for assessing water risk in the
“Aqueduct Water Risk Atlas Global Maps” performed by the World Resources Institutes
[Gassert et al. 2014]. In order to manage water resources, the Stockholm Environment Institute
developed a DSS named “Water Evaluation And Planning System (WEAP)”, useful both for
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decision makers and policymakers [Sieber and Purkey 2015]. Indeed, it is able to simulate water
demand, supply, flows, storage, pollution generation, treatment and discharge. While as a policy
analysis tool, WEAP evaluates a full range of water development and management options, and
takes account of multiple and competing uses of water systems.
Due to the fact that irrigation represents around 70% of the global water use (70-90% of
consumptive uses) some DSS are principally addressed to sustainable management of water in
agriculture. AQUASTAT is a Global Water Information System performed by FAO [FAO
2014] capable to improve understanding and monitoring of water resources (uses and irrigation
management). “Bluleaf®” [Blueleaf 2016] or “WiForWater” [Primoprincipio 2016] are
examples of DSS for irrigation and evaluation of potential risk situations in water management
developed by Italian private companies and public organizations. WATENER [2017] or “the
Water Network” [AQUASPE 2017] are examples of web platform capable to help in
management of water networks through real time performance monitoring and smart decision
tools integrating data, models and expert knowledge.
CONCLUSIONS
Assessing water profile is a very important issue that could affect decision makers and policy
makers in the next years. LCA is a powerful tool which is methodologically capable to include
full water profile. Most of LCIA methods include a wide spectrum of impact categories, where
changes in a quality of aquatic ecosystems are covered (as freshwater and marine ecosystems).
Also, water consumption (as a resource depletion) is considered as an important part of LCIA
profile. However, for today some limitations of LCA can be identified like focusing mainly on
freshwater (for instance from irrigation), as well as assuming that green water (i.e. rain water)
consumption does not contribute to water scarcity is nowadays obsolete and passed by the ISO
standards for Water Footprint calculation.
Therefore, the ISO 14046 is also now passed by the concept of “Water Scarcity
Footprint”, which improves an availability in the assessment of changes in water quantity.
However, changes in water quality must be also considered as a part of life cycle impact
assessment
So, from a holistic point of view, “Water Footprint Profile” should be able to
communicate information about water scarcity and changes in water quality, too (by means of
impact categories such as acidification, eutrophication, eco-toxicity etc.).
In this moment, the efforts to harmonize methodological issues of water assessment can
help practitioners to develop valuable tools capable to understand and manage water resources
in a sustainable manner. At the same time, many initiatives are aimed for promoting sustainable
water stewardship, both at local and global scale. It is also true that, due to their recent
development, the application of these methodologies to case studies probably still need to be
increased. This could represent a crucial step in a definition of constraints and strengths of these
metrics and could help developers to improve the efficiency of indicators and indices and the
robustness of the methodology.

ACKNOWLEDGMENTS
38

Intervention cofounded by the Fund for Development and Cohesion 2007-2013 - APQ research
Apulia Region “Regional Program for Supporting of Smart Specialization and Social and
Environmental Sustainability – Future In Research”.

REFERENCES
Akhmouch, A., Clavreul, D., 2016, Stakeholder Engagement for Inclusive Water Governance: “Practicing What
We Preach” with the OECD Water Governance Initiative, Water, vol. 8, no. 5, pp. 204.
AQUASPE, 2017, The Water Network, https://thewaternetwork.com/ [access: 10.03.2017].
Bauman, H.,Tillman, A.-M., 2004, The hitchhiker’s guide to LCA: an orientation in life cycle assessment
methodology and application, Studentlitteratur Lund, Sweden.
Bayart, J., Bulle, C., Deschenes, L., Margni, M., Pfister, S., Vince, F., Koehler, A., 2010, A Framework for
Assessing Off-Stream Freshwater Use in LCA, International Journal of Life Cycle Assessment, vol. 17, no. 3,
pp. 304-313.
Berger, M., Finkbeiner, M., 2010, Water Footprinting: How to Address Water Use in Life Cycle Assessment?,
Sustainability vol. 2, no. pp. 919–944.
Blueleaf, 2016, Blueleaf®, www.blueleaf.it [access: 10.03.2017].
Boulay, A.-M., Bayart, J.-B., Bulle, C., Franceschini, H., Motoshita, M., Muñoz, I., Pfister, S., Margni, M., 2015,
Analysis of water use impact assessment methods (part B): applicability for water footprinting and decision
making with a laundry case study. , International Journal of Life Cycle Assessment , vol. 20, no. pp. 865–879.
Brown, A.,Matlock, M. D., 2011, A Review of Water Scarcity Indices and Methodologies, White Paper, The
Sustainability Consortium.
Chapagain, A. K.,Orr, S., 2009, An improved water footprint methodology linking global consumption to local
water resources: a case of Spanish tomatoes, Journal of Environmental Management, vol. 90, no. 2, pp. 12191228.
Chaves, H. M. L.,Alipaz, S., 2006, An Integrated Indicator Based on Basin Hydrology, Environment, Life, and
Policy: The Watershed Sustainability Index, Water Resources Management, vol. 21, no. 5, pp. 883-895.
Curran, M. A., 2012. Life Cycle Assessment Handbook: A Guide for Environmentally Sustainable Products, John
Wiley & Sons, Inc. Hoboken, NJ, USA.
EC (2016) "Guidance for the implementation of the EU Product Environmental Footprint (PEF) during the
Environmental Footprint (EF) Pilot Phase, Guidance for the implementation of the EU PEF during the EF
pilot phase - Version 5.2 - February 2016.
Environment Agency, 2016, Managing Water Abstraction, Bristol.
Falkenmark, M., Widstrand, C., 1992, Population and Water Resources: A Delicate Balance. Population
Reference Bureau, Population Bulletin, Washington.
FAO, 2014, AQUASTAT-FAO’s information system on water and agriculture.
Frischknecht, R., Büsser Knöpfel, S., 2013, Swiss Eco-Factors 2013 according to the Ecological Scarcity Method.
Methodological fundamentals and their application in Switzerland. Environmental studies no. 1330. (Federal
Office for the Environment), Bern.
Gassert, F., Landis, M., Luck, M., Reig, P.,Shiao, T., 2014, Aqueduct Global Maps 2.1. Working Paper,
Washington, DC, World Resources Institute.
Guinée, J. B., Gorée, M., Heijungs, R., Huppes, G., Kleijn, R., Koning, A. D., Oers, L. V., Wegener, Sleeswijk,
A., Suh, S., Udo de Haes, H. A., Bruijn, H. d., Duin, R. v.,Huijbregts, M. A. J., 2001, Handbook on Life Cycle
Assessment - Operational Guide to the ISO Standards, Kluwer Academic Publishers, Dordrecht.

39

Hanasaki, N., Inuzuka, T., Kanae, S.,Oki, T., 2010, An estimation of global virtual water flow and sources of water
withdrawal for major crops and livestock products using a global hydrological model, Journal of Hydrology,
vol. 384, no. 3-4, pp. 232-244.
Hoekstra, A.Y., Chapagain A. K., Aldaya, M. M., Mekonnen, M. M., 2011, The water footprint assessment
manual: Setting the global standard, Earthscan London, Washington.
ISO 14040: 2006, Environmental management - Life cycle assessment - Principles and framework, International
Standard Organization, Geneva.
ISO 14044: 2006, Environmental management - Life cycle assessment - Requirements and guidelines,
International Standard Organization, Geneva.
ISO 14046:2014, Environmental management - Water footprint - Principles, requirements and guidelines,
International Standard Organization, Geneva.
Jefferies, D., Muñoz, I., Hodges, J., King, V. J., Aldaya, M., Ercin, A. E., Milà i Canals, L.,Hoekstra, A. Y., 2012,
Water Footprint and Life Cycle Assessment as approaches to assess potential impacts of products on water
consumption. Key learning points from pilot studies on tea and margarine, Journal of Cleaner Production, vol.
33, no. pp. 155-166.
JRC-IES, 2010, International Reference Life Cycle Data System (ILCD) Handbook - General Guide for Life Cycle
Assessment - Detailed Guidance, Publications Office of the European Union, Luxembourg.
Koehler, A., 2008, Water use in LCA: managing the planet’s freshwater resources, The International Journal of
Life Cycle Assessment, vol. 13, no. 6, pp. 451-455.
Lutter, S., Pfister, S., Giljum, S., Wieland, H.,Mutel, C., 2016, Spatially explicit assessment of water embodied in
European trade: A product-level multi-regional input-output analysis, Global Environmental Change, vol. 38,
no. pp. 171-182.
Ohlsson, L., 2000, Water conflicts and social resource scarcity, Physics and Chemistry of the Earth, Part B:
Hydrology, Oceans and Atmosphere, vol. 25, no. 3, pp. 213-220.
Pacetti, T., Lombardi, L.,Federici, G., 2015, Water–energy Nexus: a case of biogas production from energy crops
evaluated by Water Footprint and Life Cycle Assessment (LCA) methods., Journal of Cleaner Production, vol.
101, no. pp. 278–291.
Pfister, S., Boulay, A.-M., Berger, M., Hadjikakou, M., Motoshita, M., Hess, T., Ridoutt, B., Weinzettel, J.,
Scherer, L., Döll, P., Manzardo, A., Núñez, M., Verones, F., Humbert, S., Buxmann, K., Harding, K., Benini,
L., Oki, T., Finkbeiner, M.,Henderson, A., 2017, Understanding the LCA and ISO water footprint: A response
to Hoekstra (2016) “A critique on the water-scarcity weighted water footprint in LCA”, Ecological Indicators,
vol. 72, no. pp. 352-359.
Pfister, S., Koehler, A.,Hellweg, S., 2009, Assessing the Environmental Impacts of Freshwater Consumption in
LCA., Environmental Science & Technology , vol. 43, no. pp. 4098–4104.
Pfister, S., Vionnet, S., Levova, T.,Humbert, S., 2015, Ecoinvent 3: assessing water use in LCA and facilitating
water footprinting, The International Journal of Life Cycle Assessment, vol. 21, no. 9, pp. 1349-1360.
Primoprincipio, 2016, WiForWater Hydrologic risk monitoring and advanced management,
http://www.primoprincipio.it/ [access: 10.03.2017].
Rijsberman, F. R., 2006, Water scarcity: Fact or fiction?, Agricultural Water Management , vol. 80, no. pp. 5–22.
Russell, A., Ekvall, T., Baumann, H., 2005, Life cycle assessment – introduction and overview, Journal of Cleaner
Production, vol. 13, no. 13-14, pp. 1207-1210.
Russo, C., Cappelletti, G. M.,Nicoletti, G. M., 2016, Innovative Approaches of Water Scarcity Management in the
Apulia Region in: Pashova, S., (ed.) Commodity Science: Achievements, Trends And Challenges, 20th IGWT
Symposium, Commodity Science in a Changing World, University of Economics, Varna, Bulgaria, ^12nd - 16
th September Publishing house "Science and economics", pp. 31-36.
Sala, S., Benini, L., Castellani, V., VidalLegaz, B.,Pant, R., 2016, Environmental Footprint - Update of Life Cycle
Impact
Assessment
methods;
DRAFT
for
TAB
(status:
May
2,
2016),
2013-11
07.0307/ENV/2013/SI2.668694/A1, 33446, A. J. N.
Sieber, J., Purkey, D., 2015, USER GUIDE for WEAP 2015, Stockholm Environment Institute, U. S. C.
Smakhtin, V., Revenga, C., Döll, P., 2005, Taking into Account Environmental Water Requirements in Globalscale Water Resources Assessments, Podium, I. T. G. pp. 26.
Sullivan, C., 2002, Calculating a Water Poverty Index, World Development, vol. 30, no. 7, pp. 1195-1210.

40

Thylmann, D., 2017, Waterfootprint–methodology overview, Publisher Thinkstep, Echterdingen, Germany.
UNEP,SETAC, 2013, Project on Global Guidance on Environmental life cycle impact assessment indicators,
http://www.lifecycleinitiative.org/activities/phase-iii/global-guidance-on-environmental-life-cycle-impactassessment-indicators/ [access: 10.03.2017].
WATENER, 2017, Improving daily operation and management of water networks in the water-energy nexus,
www.watener.com [access: 09.03.2017].
WFN, 2017, Water Footprint Network, http://waterfootprint.org [access: 10.03.2017].
World Economic Forum, 2017, TheGlobal Risks Report 2016, 12th edition, Cologny/Geneva, Switzerland.
World Meteorological Organization (WMO) and Global Water Partnership (GWP), 2016. Handbook of Drought
Indicators and Indices (Fuchs, M. S. a. B. A.), Integrated Drought Management Programme (IDMP) Integrated
Drought Management Tools and Guidelines Series 2, Geneva.
WULCA, 2016, New Indicator for Water Scarcity Footprint: The Available WAter REmaining (AWARE)
method, http://www.wulca-waterlca.org/project.html [access: 10.03.2017].
WWF, 2013, Water Stewardship, Perspectives on business risks and responses to water challenges. Publisher
WWF – World Wide Fund For Nature (Formerly World Wildlife Fund), Gland, Switzerland.

STRESZCZENIE
Świeża woda to jedyny abiotyczny zasób naturalny, który jest odnawialny, a jednocześnie
skończony. Kryzys wodny jest oceniany jako jeden z głównych potencjalnych zagrożeń na świecie,
a konsekwencją "niedoboru wody" mogą być znaczące reperkusje gospodarcze, środowiskowe
i społeczne. Podjęto wiele starań, aby zdefiniować wskaźniki oceny zużycia wody zgodnie
z metodologią oceny cyklu życia (LCA). Niniejszy rozdział ma na celu przedstawienie głównych
doświadczeń w zakresie zarzadzania zasobami wodnymi oraz oceny zużycia, podkreślając jednocześnie
potrzebę harmonizacji wskaźników i metod oceny "profilu wodnego" produktu, organizacji, regionu lub
narodu.
W artykule przeanalizowano zapisy normy ISO 14046:2014 w zakresie obliczania śladu wodnego
oraz porównano z metodą oceny wpływu zużycia wody opracowaną przez UNEP/SETAC Water
Working Group w 2015 roku. Podkreślono różnice w ocenie wpływu na środowisko zużycia
i degeneracji wody. Zbadano doświadczenia w mapowaniu globalnego i lokalnego niedoboru wody,
a także rozpoznano i omówiono oprogramowanie, które ma na celu wspieranie decyzji w aspekcie
zarządzania zasobami wodnymi.
Słowa kluczowe: ślad wodny, bezpieczeństwo wodne, kategoria wpływu, ocena wpływu cyklu życia
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Abstract: Natural resources are the source of production materials. The natural environment is the
destination for scrap materials (in solid, liquid and gaseous form) generated by human activity. It is
therefore necessary to take actions aimed to maintain biological balance. Practical tools for this task are
implementation of formalized environmental management systems (certification for compatibility with
ISO 14001 Environmental Management System – EMS or verification the compatibility with the
Community Regulation Eco-Management and Audit Scheme – EMAS) as well as implementation of
non-formalized environmental management systems.
The aim of the article is to analyse the current status of the environmental management systems
certification in production and non-production organizations from different sectors of European
countries. The study includes the analysis of data and trends in the area of certification for crucial
environmental management systems – EMAS and ISO 14001 – based EMS. Organisations which have
implemented EMAS, have been entered into the official EMAS register. However, in case of ISO 14001
certification such register does not exists. Unfortunately, it was noted that many organizations use still
environmental management systems in order to improve their company's image.
Keywords: sustainable development, environmental management, EMAS, ISO 14001

INTRODUCTION
Economic development, except for some positive effects and benefits, entails various problems,
majority of them follow the close link between economy and environment. By reason of a
common acceptance of sustainable development concept which is economic development with
full respect of the social and environmental dimensions, modern companies have at their
disposal a range of tools to manage environmental risk. This allows the companies to minimize
their impact on environment and optimize the use of resources [Lemkowska 2015]. The solution
to environmental problems connected with companies’ activities require them to use a
systematic approach, aiming at reducing environmental impact [Łuczka-Bakuła 2009].
Environmental protection in the organization may not simply be the effect of adjusting its
activities to relevant legal requirements [Embros 2014]. Owing to the implementation of
environmental management systems requirements all the elements of the organization’s
activities are subject to continuous analysis and assessment for its impact on social and natural
environment. Those activities are targeted at improving the processes, producing products that
would meet customer’s needs, and as a consequence achieving economic benefits by
organization [Brauweiler, Helling and Kramer 2005].
Management of all environmental aspects of company’s operations includes the
assessment of environmental impact under normal operating conditions, starting-up conditions
or shutting down system, and also a potential impact on environment in case of emergency.
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EMS should have adequate for the purposes, areas and tasks, properly produced and operating
documents [Embros 2014]. In the case of functioning in the organization of the Integrated
Management System (IMS) covering the EMS you may have several levels of integration in
the field of system documentation, that is the policy, objectives and targets, and programs for
their implementation, operational control and management reviews [Matuszak-Flejszman
2007].
It results from the studies of Łuczka-Bakuła [2009] that the implementation of the system
and systematization of environmentally relevant activities, contributes to the use of the potential
capacity of companies to reduce the impact of pollution on environment and improves
efficiency of measures related to environment. In the non-legislative European Union document
on EMAS, all surveyed companies indicated saving energy and resources and reducing adverse
events, as the most crucial benefits in relation to the registration in EMAS. There is an evidence
that the amounts resulting from the energy savings exceed the annual costs of maintaining
EMAS. Environmental law is less frequently violated which means better relations with
regulatory authorities [Decisions 2013/131/UE]. Both registration in the EMAS system and
obtaining a certificate of compliance with ISO 14001 Standard is considered to be the evidence
of a systemic approach to important current environmental issues.
The objective of this paper is to determine the present position of the certification of
environmental management systems in production and non-production organizations from
different sectors of the economy of European countries. The work includes the studies of data
and trends of changes in the field of certification for the important environmental management
systems – EMAS and ISO 14001.
GENERAL ASSUMPTIONS OF ISO 14001 STANDARD AND EMAS REGULATION
The concept of an environmental management system is based on compliance with law,
preventing pollution and continuous improvement. Organizations which apply for registration
in EMAS, or a certificate of compliance with ISO 14001 Standard shall demonstrate that they
know and comply with the requirements of law relating to their activities, products and services.
Compliance with law means full implementation of applicable legal requirements, including
conditions of authorizations, regarding the environment [Regulation EMAS III].
Preventing pollution is defined as the use of processes, practices, materials or products
that allow to avoid, reduce or control pollution. Companies have to attempt to eliminate sources
of pollution, in order to avoid any problem and solve it after the end of the manufacturing
process as part of preventive measures [Regulation EMAS III]. In practice, in order to prevent
pollution, it is of great importance to optimize the process, increase efficiency of energy,
properly select materials and natural resources, use alternative natural resources, recycle and
introduce changes in product design.
The essential element of EMS is to continuously improve environmental performance
including the process of enhancing the measurable results of the environmental management
system based on the model of "plan-do-check-act" - PDCA (plan-do-check-action). Real
influence of organization on environment may be limited due to continuous improvement
[Ćwiklicki and Obora 2009, Regulation EMAS III].
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As defined in the EMAS Regulation - environmental management system is part of the
overall management system that includes organizational structure, planning activities,
responsibilities, practices, procedures, processes and resources for developing, implementing,
achieving, reviewing and maintaining environmental policy and managing environmental
aspects [Regulation EMAS III]. Environmental Management is designed to provide the
possibility of continuous development of organizations and enterprises and to reduce the
negative environmental impact. This objective is realistic and attainable; however, it requires
the engagement of both employees and the organization's management [Matuszak-Flejszman
2011]. In order to implement EMAS it is necessary to have a functioning management system
according to ISO 14001 Standard, which is an attachment to the EMAS Regulation. Table 1
contains significant differences between these systems together with data concerning
deployments.
Table 1. Comparison between ISO 14001 Standard and EMAS
System features
Year of introduction
Management system
Voluntary implementation
Annual review
Periodic environmental reporting
Certificate
Logo
Reach
Register

ISO 14001 Standard
1996
standardised
yes
yes

EMAS
1993
formalised
yes
yes

no

required

Yes
No
international

yes
yes
European
constantly updated national
and community registries
72
3670

no centralized database

Number of organizations in Poland
2798
Number of organizations in Europe
119754
Number of organizations around the
319324
world
Source: [Wójcik 2015; http://ec.europa.eu/environment/emas/register/reports/reports.do;
http://www.iso.org/iso/iso-survey]

-

In practice, organizations with a system based on ISO 14001 meet the basic standards
under the EMAS Regulation, which, however, includes a number of additional requirements
(registration system, the need to inform the external environment of the action taken to
minimize the negative environmental aspects) [Jastrzębska-Smolaga 2000]. “User's Guide
setting out the steps necessary to participate in EMAS” has been produced. With the publication
of this EMAS User’s Guide organizations have to demonstrate that they have identified
significant environmental aspects (Table 2) associated with their actions [Decisions
2013/131/UE]. Any organization is required by ISO 14001 Standard and the EMAS Regulation
to develop a procedure for the assessment of environmental aspects.
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Table 2. Examples of environmental aspects associated with the activities of the organization
Environmental aspects
-

Direct
Emissions to air
Release to water
Waste, recycling, transport
Use of natural resources and natural resources
local issues (noise, vibration, odour, dust, visual)
Land use and contamination
Air emissions related to transport (goods,
services and employees)
Risk of environmental accidents and emergency
Impact on biodiversity

-

-

-

Indirect
Issues related to the product life cycle: design,
development, packaging, transportation, use and
waste recovery / disposal
Capital investments, granting loans and insurance
services
administrative and planning decisions
The environmental performance and
environmental practices of contractors, suppliers
and subcontractors
Selection and structure of the services, e.g.
Transport, catering service

Source: [Decisions 2013/131/UE]

EMAS Regulation in comparison to ISO 14001 Standard represents a more institutionalized
approach to environmental management because its registry includes public administration.
It is crucial for enterprises to comply with environmental legal standards. Besides, it is generally
considered in the literature that the management system based on EMAS Regulation is more
reliable and provides greater compliance with the legal requirements for environmental
protection [Łuczka-Bakuła 2009]. On the other hand, there are many additional requirements
which finally result in a relatively small number of organizations registered in the EMAS
system [Registry list 2017]. Unfortunately, it has to be noted that many organizations still use
environmental management systems mainly to improve the company's image, the so-called
“green-washing”. Opponents of these systems regard them as unnecessary “paperwork” in
relation to very few advantages [Di Noia and Nicoletti 2016]. The implemented systems are not
as effective as expected in some organizations. This may result from their conduct at the
operating level and the lack of sufficient link with the management and strategic planning for
the organization [Szyszka and Matuszak-Flejszman 2016].
STATISTICS FOR EMAS AND ISO 14001 STANDARD
Materials and methods
The statistical material was collected based on secondary data query. Organizations that have
implemented EMAS, are entered in the official register and have the right to use a special logo
of the system. There is no such register in case of ISO 14001-based EMS. However, the
International Organization for Standardization annually publishes reports on statistics of ISO
certifications in the world, which provides data on the number of organizations with
environmental management system compliant with ISO 14001 Standard. Unfortunately, the
data are only general, differ from each other and are not as accurate as in the case of EMAS
register [Marcinkowski et al. 2012].
The social network for environmental protection specialists “eko-net.pl” publishes the
number of certificates issued by the selected certification body in each province (as of
04/28/2016, the number of certificates: 2012). Undoubtedly the information comes primarily
from the certification bodies operating in the country, however the owners of the social network
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cannot guarantee that presented data are accurate and up-to-date because there is no formal
system for collecting information on this subject [http://eko-net.pl].
Results and discussion
The comparison of the current status of EMAS and ISO 14001 certificates in the European
countries based on public records (the EU with Norway, which in fact, is not a member of the
European Union due to the high GDP, but what connects Norway with EU is their close
economic relation) is presented in Table 3.
Table 3. EMAS and ISO 14001 Certification in the countries of EU
Total number of records
Lp.

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

Country
AT
BE
BG
CY
CZ
DE
DK
EE
ES
FI
FR
GR
HR
HU
IE
IT
LT
LU
LV
MT
NL
NO
PL
PT
RO
SE
SI
SK
UK

Organisations registered in
EMAS
09.02.2016
290
64
8
3
21
1160
23
6
870
4
31
30
0
13
3
930
4
2
0
1
2
15
72
54
10
17
8
3
21
3665

Organisations with ISO 14001
certificates
October 2016
1210
1150
1484
247
3832
8224
1009
555
13310
1466
6847
1115
884
1940
757
22350
721
107
388
41
2461
1264
2798
1272
10581
3689
357
2277
17824
110160

Austria
Belgium
Bulgaria
Cyprus
Czech Republic
Germany
Denmark
Estonia
Spain
Finland
France
Greece
Croatia
Hungary
Ireland
Italy
Lithuania
Luxembourg
Latvia
Malta
Netherlands
Norway
Poland
Portugal
Romania
Sweden
Slovenia
Slovakia
Great Britain
Total records:
Source: Authors’own elaboration based on:
[http://ec.europa.eu/environment/emas/register/reports/reports.do; http://www.iso.org/iso/iso-survey]

47

A close analysis of the figures indicates that organizations implement a voluntary
environmental management system based on ISO 14001 requirements more willingly which
results in higher numbers. The countries with the largest number of environmental certifications
include Germany, Spain, Italy and surprisingly enough Romania. However, when it comes to
EMAS, Romania has only 10 certificates, which may be the result of a high degree of
formalization of the system, current requirements and the cost of its maintaining. It may also
come from the fact that Romania as the EU member is less engaged in certification activities
since 2004 comparing it with the countries of the so called “old Europe”. On the other hand,
comparing Romania e.g. to Poland (the same period of membership in the EU) should be stated
that we have about three-quarters less ISO 14001 certificates than Romania, and seven times
more EMAS certificates. It may be assumed on the basis of these data that companies in Poland
are more aware of environmental issues, which in turn means they are able to meet the
requirements of EMAS Regulation. Official statistics of the European EMAS divided into
leading industrial and service sectors (as of October 2016) are presented in Figures 1 and 2
(data from October 2016).
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Fig. 1. Statistics of the European EMAS Implementation - leading industrial sectors
Source: Authors’own elaboration based on:
[http://ec.europa.eu/environment/emas/pdf/statistics/PDF_Statistic_October_2016.pdf]
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Fig. 2. Statistics of the European EMAS Implementation - leading service sectors
Source: Authors’own elaboration based on:
[http://ec.europa.eu/environment/emas/pdf/statistics/PDF_Statistic_October_2016.pdf]

The data in Figures 1 and 2 show the status of the implementation of EMAS in industry and
service, according to the European classification of economic activities used in the European
Union - NACE Code [http://ec.europa.eu/eurostat/ramon/nomenclatures/index.cfm?].
Figure 1 summarizes the available data for sector C - manufacturing: C-10 Manufacture
of food products, C-17 Manufacture of paper and paper products, C-20 Manufacture of
chemicals and chemical products, C-25 Manufacture of fabricated metal products, except
machinery and equipment, and D-35 Electricity, gas, steam and air conditioning supply. Figure
2 contains statistics of the European EMAS - service sectors: E-38 Waste collection, treatment
and disposal activities; materials recovery, G-46 Wholesale trade, except of motor vehicles and
motorcycles, I-55 Accommodation, O-84 Public administration and defense, P-85 Education.
It results from these European EMAS data (October 2016) that the manufacturing sector,
and the leader of implementations is D-35 Electricity, gas, steam and air conditioning supply.
This is a sector which extensively uses environmental resources and has a negative impact on
the environment (as well as sectors C-20 and C-25). It means that companies from these sectors
manage to meet their objectives and operate in compliance with the idea of sustainable
development. In contrast, sector E-38 is the leader in EMAS among other organizations which
provide services and unfortunately it poses a danger to the environment as it uses its resources.
Figures 3 and 4 present the scope of the certification of EMS based on ISO 14001
Standard International Organization for Standardization annually publishes (around September)
statistics on the number of current management system certificates in various areas of the
specification for the country, sectors. However, ISO statistics are not related to the division into
industry and service sector in compliance with the NACE Code. The data published by ISO
have been developed by service sector and industry similarly to the NACE Code in order to
compare implementation for both systems and achieve the purpose of research. Figures 3 and
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4 show the ISO 14001 statistics for organizations which operate in the countries of the European
Union.
If the number of ISO 14001 certificates is compared to EMAS certificates in relation to
the same sectors of industry and services it will be visible that the implementations of both
systems is various. The leaders of ISO 14001 in terms of certification are the metallurgical and
service sectors - wholesale and retail trade, repairs of motor vehicles, motorcycles and personal
and household goods.
The number of organizations registered in EMAS and with ISO 14001 certificates as well
the number of active certifying entities are constantly changing. Those rapid changes are partly
the result of the changing fashion for certification which influences the company's image in its
marketing environment. Those changes may also result from the reasons for implementation
and benefits for organizations connected with efficient environmental systems. Figures 5 and 6
present the changes of the number of ISO 14001 and EMAS environmental certifications over
time.
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24171
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Fig. 3. Statistics of the ISO 14001 Certificate - leading industrial sectors
Source: Authors’own elaboration based on: [http://www.iso.org/iso/iso-survey]
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Fig. 4. Statistics of the ISO 14001 Certificate - leading service sectors
Source: Authors’own elaboration based on: [http://www.iso.org/iso/iso-survey]

Fig. 5. Statistics of the EMAS Implementation – changes over time
Source: Authors’own elaboration based on:
[http://ec.europa.eu/environment/emas/pdf/statistics/PDF_Statistic_October_2016.pdf]
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Fig. 6. Statistics of the ISO 14001Certificate– changes over time
Source: Authors’own elaboration based on:
[http://www.iso.org/iso/iso-survey]

Figure 5 shows the decline of EMAS implementations over the past three years. In
contrast, the number of ISO 14001 certificates is higher in this period. The EMAS is based on
the regulation which indicates that the system may only be implemented in the European Union.
This probably influences the number of organizations registered in the EMAS.
Taking into consideration the fact that ISO 14001Standard has international scope, but
also is part of EMAS Regulation, it appears that more and more organizations around the world
consider environmental aspects of their activities.
The requirements of ISO 14001 Standard are one of EMAS Regulation’s (mandatory)
attachments. The number of ISO 14001 Standard implementations is constantly increasing
which is visible in the Figures 5 and 6. It may result from the fact that ISO 14001 Standard is
often treated as an intermediate step taken by organizations to EMAS registration. Reducing
the environmental impact of organizations is particularly emphasized in the EMAS Regulation.
ISO 14001 Standard does not contain any references to the level of anticipated results, which
makes it impossible to assess the effectiveness of the system and at the same time it simplifies
the retention of the ISO 14001 Certificate from the perspective of the company.
It is crucial to maintain full compliance with EMAS regulatory requirements. The fact
that EMAS Regulation is compliant with the law determines its considerable formality when
compared to ISO 14001 Standard. As a consequence, it may result in a declining number of
deployments. EMAS Environmental Verifiers put greater emphasis on this requirement than
ISO 14001 Standard’s auditors. Moreover, the provisions of EMAS Regulation are more precise
and the administrative bodies are included in the registration process. These facts may explain
the increase in ISO 14001 implementation, which is definitely a system with a broader scope
than EMAS, internationally recognized and at the same time relatively less formalized.

52

CONCLUSIONS
Organizations which are registered in EMAS or carry a certificate proving conformity with ISO
14001 Standard show that they know and comply with the relevant requirements of the law. In
the period of dynamic changes, and a growing consumer awareness of the environmental impact
of manufacturing and service companies, the implementation of environmental formalized
systems seems to be a prerequisite for a modern and responsibly managed organization.
ISO 14001 and EMAS certificates prepare organizations for adjusting to environmental
regulations which are consistently exacerbated. They also support organizations for
implementing the latest changes in the existing legislation relating to environmental protection
in accordance with the idea of continuous improvement. The considerable increase in
implementation and certification of the environmental system based on ISO 14001
requirements is a practical demonstration of the idea of sustainable development. At the same
time, it means conscious environmental and economic responsibility of organizations and the
improvement of their environmental performance.
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STRESZCZENIE
Zasoby przyrody są źródłem surowców produkcyjnych. Środowisko jest docelowym miejscem
dla odpadów (stałych, ciekłych i gazowych) generowanych przez działalność człowieka. Dlatego
konieczne jest podejmowanie działań ukierunkowanych na zachowanie równowagi biologicznej.
Praktycznym narzędziem realizacji tego zadania są m.in. wdrażane przez organizacje systemy
zarządzania środowiskowego o charakterze sformalizowanym (certyfikacja na zgodność z normą ISO
14001 Systemy zarządzania środowiskowego – SZŚ lub weryfikacja na zgodność ze wspólnotowym
Rozporządzeniem dotyczącym systemu ekozarządzania i audytu – EMAS) oraz niesformalizowanym.
Celem artykułu jest analiza aktualnego stanu w zakresie certyfikacji systemów zarządzania
środowiskowego w organizacjach produkcyjnych i nie produkcyjnych z obszaru różnych sektorów
gospodarki państw europejskich. Opracowanie obejmuje analizę danych statystycznych oraz tendencji
zmian w obszarze certyfikacji dla kluczowych systemów zarządzania środowiskowego – EMAS oraz
zgodnego z wymaganiami normy ISO 14001. Organizacje, które wdrożyły EMAS, zostają wpisane do
oficjalnego rejestru organizacji posiadających wdrożony system ekozarządzania i audytu (EMAS).
W przypadku certyfikatu potwierdzającego zgodność z wymaganiami normy ISO 14001 taki rejestr nie
jest prowadzony. W artykule wskazano na istotne różnice między tymi systemami zarządzania wraz z
danymi dotyczącymi wdrożeń. Zwrócono uwagę na fakt, że niestety wiele organizacji nadal
wykorzystuje systemy zarządzania środowiskowego tylko do poprawy wizerunku organizacji.
Słowa kluczowe: zrównoważony rozwój, zarządzanie środowiskowe, EMAS, ISO 14001
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Abstract: The publication of the 'new' standard ISO 14001:2015 has triggered the transposition process
in the Annexes of the EMAS Regulation. Therefore, by the end of the transition period (September 15,
2018) the Protected Natural Areas (PNAs) with EMAS registration should identify organizational gaps
and develop an Implementation Plan with the changes to be adopted in the 'new' Environmental
Management System. In particular, the introduction of analysis of the 'context' of the organization is
identified among the main changes.
In order to identify internal as well external issues to the 'context', both the relevant needs and
expectations of 'interested parties' (stakeholders) should be considered. The paper analyses the results
of a survey regarding external benefits arising from EMAS registration. This survey was carried out
among Italian PNAs 'environmental managers' with EMAS registration. The Analytic Hierarchy Process
method (AHP) was used to rank benefits.
The present paper aims to call into question the benefits related to the improvement of 'relations
with external stakeholders'. The results show that EMAS registration does not offer, between the main
benefits, those improvements. In this context, it is highlighted that organizations need to activate the
adoption of specific and effective approaches aimed to an adequate involvement of 'interested parties'.
Keywords: Protected Natural Areas, EMAS Regulation, ISO 14001 Standard, Interested Parties,
Analytic Hierarchy Process.

INTRODUCTION
The sustainability of tourism activities is an inescapable connotation of 'life' of Protected
Natural Areas (PNAs). The PNAs with EMAS registration (PNA-EMAS) should have the
potential to implement the sustainability-oriented policies in more effectively way [Correia and
Font 2015], but also able to influence stakeholders through the creation of an 'open dialogue'
(EMAS Regulation n. 1221/2009/EC, Annex II, Part B. 5.) [European Union 2009]. These
organisations are characterized by the implementation of an Environmental Management
System (EMS) that meets the requirements of ISO 14001:2004 (EMAS Regulation n.
1221/2009/EC, Annex II, Part A) [Di Noia and Nicoletti 2016b].
The publication of the new standard ISO 14001:2015 has triggered the transposition
process in the Annexes of the EMAS Regulation [European Union 2016]. Then, by the end of
the transition period (September 15, 2018), the PNA-EMAS should identify organizational gaps
and develop an Implementation Plan with the changes to be afterwards adopted in the 'new'
EMS, with its verification of effectiveness [IAF 2015]. In particular, the introduction of 'context'
analysis of the organization is identified among the main changes. This analysis allows a
strategic diagnosis on which all decisions that then have repercussions on almost all parts of the
EMS [Di Noia and Nicoletti 2016a]. This is a managerial innovation that triggers the integration
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with the corporate strategic planning process. Indeed, in order to enhance the role of EMS as a
management tool of wider sustainable development issues (Triple Bottom Line), the new ISO
14001 standard has given a <multidimensional> nature to the 'context' issue. For consideration
of organization's context internal and external issues as well relevant needs and expectations of
'interested parties' (stakeholders) should be identified. These elements can become an input in
the 'compliance obligations', in planning/maintenance of EMS and in management review [ISO
14001:2015].
Then, the extension to more multiple senses of internal and external aspects represents
the new issue that needs to be taken on addressed in the transition period of ISO 14001:2015.
This requires the implementation of an adequate and effective process able to lead to a proper
analysis of the context. A process which meets new standard requirements and also allows an
improvement of “relationship with stakeholders ". However, the literature rarely has explored
benefits that EMAS raises with reference to the improvement of relations with stakeholders in
organizations [Tourais and Videira 2016; Szyszka and Matuszak-Flejszman 2016]. Among
those few studies only in special cases, like that of the "Italian Clusters with EMAS
registration", it is explicit highlighted that on one hand, the "Involvement of local stakeholders"
represents the greatest benefit of EMAS registration, on the other hand it is noted the
"Communication with stakeholder" is not a problem (positioning itself in last place among the
aspects investigated) [Merli, Preziosi and Massa 2014].
The paper analyses the results of a survey regarding “external benefits” arising from
EMAS registration. This survey was carried out among Italian PNAs 'environmental managers'
with EMAS registration. The survey used the Analytic Hierarchy Process method to rank
benefits. In particular, in this paper the benefits related to the improvement of 'relations with
external stakeholders' according to ISO 14001:2015 Standard are studied.
MATERIALS AND METHODS
The study uses the results of a survey carried out between May-July 2015. It is aimed to
understand the "perception of the importance" of the benefits resulting from the implementation
of an EMS with EMAS registration submitted to the heads of 16 Italians PNAs-EMAS (NACE
code 91.04). Specifically, External Tangible Benefits (ETB) and Intangible (IEB) (Table 1)
have been analysed through the use of a well-established multi-criteria methodology, known as
"Analytic Hierarchy Process (AHP) [Di Noia and Nicoletti 2015]. It is a well-recognized and
very powerful "multi-criteria method", used to solve complex problems through their
organization into hierarchy stratified according to a scale of relative importance (Table 2).
Table 1. External Tangible Benefits (ETB) and Intangible (EIB) of EMAS implementation
External Tangible Benefits (ETB)
1.

Indirect Environmental Improvements (IEI)

2.

Increased Environmental Behaviours
"Influence" of Contractors and Suppliers
(IEBI)
Increased possibility of Public Funding (IPF)

3.

External Intangible Benefits (EIB)
1. A Better Management of Environmental
Aspects for Entire Territories with
Adherence to EMAS Organizations
Network (BMEON)
2.

More Awareness on Environmental Issues
of Citizens (MAEIC)

3.

Image Enhancement (IE)
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4.

Increase of Local Projects Realization (ILPR)

4.
5.

Increase of Citizen Satisfaction (ICS)
Improvement of Relationship with other
Public Administration (IRPA)

Source: [Di Noia and Nicoletti 2015]

Table 2. Saaty’s Nine-Point Rating Scale
Intensity of
Importance
1

Definition

Explanation

Equal Importance

3

Moderate importance of one over other

5

Essential or strong importance

7

Very strong or demonstrated
importance

9

Absolute importance

Two activities contribute equally to the objective
Experience and judgement slightly favour one
activity over another
Experience and judgement strongly favour one
activity over another
An activity is favoured very strongly over another;
its dominance demonstrated in practice
The evidence favouring one activity over another is
of the highest possible order of affirmation

2. 4. 6. 8

Intermediate values between the two
adjacent judgement

When compromise is needed

Source: [Pun and Hui 2001; Saaty 2008]

The AHP methodology was developed over thirty years ago [Saathy 1980; Saathy 1982;
Saathy 1983; Saathy 1994; Saaty and Vargas 1994; Saathy 2008]. The AHP implementation
related to EMS benefits was widely presented in literature [Chin, Chiu and Rao 1999; Hillary
2004; Petroni 2001; Pun and Hui 2001; Sambasivan and Fei 2008]. In addition, the benefits
generated by EMAS were identified by the authors through consultation of “Environmental
Statements” of PNA-EMAS and other specialists [D’alessandro and Masone 2014; Di Noia and
Nicoletti 2016c; Tarí, Molina-Azorin and Heras 2012; Vernon et al. 2009].
In this paper, the application of AHP method was characterized in four steps: problem
definition and goal determination, with organization into hierarchy (Figure 1), data collection
(pairwise comparison of the relative importance), data analysis (by software BPMSG AHP
Online System) [Goepl 2011], and results analysis (ranking of global priority of pairwise
comparisons of benefits with consistency ratios ≤ 0.1) (Table 3) [Di Noia and Nicoletti 2015].

Fig. 1 Benefits hierarchy arising from PNA-EMAS
Source: Authors’own elaboration

The results were analyzed with the purpose of investigating how environmental managers
of PNA-EMAS perceived the EMS in relation to the capacity to meet the new requirements of
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ISO 14001:2015. The new requirement, which is related to analysis of organization's context,
is mainly focused on issues concerning "relations with the stakeholders". For this purpose,
Table 3 highlights the EIB in a disaggregated analysis of “relations with stakeholders”:
- More Awareness on Environmental Issues of Citizens (MAEIC);
- Increase of Citizen Satisfaction (ICS);
- Improvement of Relationship with other Public Administration (IRPA).
It is highlighted that EMAS contributes to improving a cooperation with public administrations,
because it:
- allows to monitor the achievement of an important aims of Italian law establishing of PNAs
(“In the protection and management of protected natural areas, the State, the regions and
local authorities implement forms of cooperation...” - 5 paragraph of 1 article of Law
394/1991),
- optimizes the time management of bureaucratic processes and facilitates the achievement
of environmental improvement goals.
Interest in "awareness" and "satisfaction" of citizens results from the need to recognize the
importance of EMAS registration perceived by the inhabitants of the region situated in the
PNA-EMAS.
In fact, the perception by the inhabitants is important because they, in many cases, can
become an obstacle to the implementation of PNA-EMAS policies. In fact, EMAS registration,
and its associated environmental policies, can be perceived as an impediment to their “idea” of
economic development and business project, if this idea is characterized by “low” attention
toward sustainability [Rodríguez-Rodríguez et al. 2015].
Table 3. Ranking of global priority of pairwise comparisons of External Tangible Benefits (ETB) and
External Intangible Benefits (EIB) of EMAS implementation
External Benefits
Indirect Environmental Improvements (IEI)
Increased Environmental Behaviours "Influence" of Contractors and Suppliers (IEBI)
Increased possibility of Public Funding (IPF)
A Better Management of Environmental Aspects for Entire Territories with Adherence
to EMAS Organisations Network (BeMEON)
More Awareness on Environmental Issues of Citizens (MAEIC)
Increase of Local Projects Realization (ILPR)
Image Enhancement (IE)
Increase of Citizen Satisfaction (ICS)
Improvement of relationship with other Public Administration (IRPA)
Source: [Di Noia and Nicoletti 2015]

ETB
0.235
0.162
0.160

EIB

0.109
0.092
0.092
0.058
0.049
0.042

RESULTS AND DISCUSSION
The results related to the "global priority" of the group of questionnaires, with a consistency
ratio ≤ 0.1, showed a consent level of approximately 54% as measure of the agreement on the
priorities between participants. Thus, the results of the survey allow to create a ranking
presenting the perceptions of importance of the EIB that are also related to the improvement of
"relationships with stakeholders" with respect to the disaggregated analyses of their benefits
(Table 3). Obtained ranking shows that the benefit called MAEIC takes elusive the fifth place
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overall among the external benefits, while it ranks the first place among those ones concerning
relations with stakeholders. On the other hand, the benefits called ICS and IRPA are placed at
the bottom of the ranking, respectively in the penultimate and last place. In this regard, the
results seem to indicate that organizations of PNA-EMAS will not be able to benefit from the
ability to improve the "understanding of needs and expectations of interested parties", when in
the EMAS regulation the new standard will replace the old one.
It highlights a new element regarding relationships and involvement of stakeholders
(stakeholder engagement) compared to the relationship between EMAS and ISO 14001:2015
Standard. It could be reasonably argued that the EMAS registration, would facilitate the
development of the ability of the PNA-EMAS organizations in improving of "stakeholder
relations". In fact, the EMAS regulation also covers important obligations that might improve
relationships with stakeholders, such as the organization’s commitment “to demonstrate an
open dialogue with the public and other interested parties including local communities and
customers with regard to the environmental impact of their activities, products and services in
order to identify the public’s and other interested parties’ concerns.” [EMAS Regulation n.
1221/2009/EC, Annex II, Part B., 5.1]. The EMAS registration would also facilitate the
publication of an "Environmental Statement" in which environmental data and related
commitments of the organization are shared with stakeholders.
On the other hand, the new standard ISO 14001 seems to have overtaken the EMAS
regulation, by including a dedicated communication process (7.4 Communication), which
specifies the general characteristics of (7.4.1 General), internal (7.4.2 Internal communication)
and external communication (7.4.3 External communication), and a specific reference, when
applying the guideline ISO 14063:2006 (A.7.4 Communication) [ISO 14001:2015;
Assolombarda 2015]. In fact, with the specific reference to ISO 14063:2006 guidelines, which
could potentially make it easier to develop a greater capacity to improve relations with
stakeholders, the ISO 14001:2015 provided more attention to the process of stakeholder
engagement. For example, the guideline ISO 14063:2006 expressly provides "Identifying
interested parties" (5.3) and "Identifying target groups" (6.1.4) that are in line with
"Understanding the needs and expectations of interested parties" (4.2) of the ISO 14001:2015.
Furthermore the "Situational analysis" (6.1.2) is alike to the "Understanding the organization
and its context" (4.1) included in the ISO 14001:2015 Standard [ISO 14001:2015; ISO
14063:2006].
The PNA-EMAS organizations had the opportunity to develop the ability to improve the
relationship with stakeholders by evaluating the quality and availability of information they
have already expressed included in the Initial Environmental Analysis (IEA) [CONFORMA
2016]. Indeed, relevant information regarding the understanding of the Organization and its
"context", and the needs and expectations of "interested parties", are included in the following
paragraphs of the IEA [Catto 2016]:
- general site framework;
- analysis of activities and production processes;
- territorial sensitivity analysis of in environmental aspects identified.
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CONCLUSIONS
The conducted study shows that EMAS registration does not offer, among the main benefits,
an improvement of "relations with stakeholders”. It highlights that organizations need to
activate the adoption of specific and effective approaches aimed to an adequate involvement of
'interested parties'.
According to the size, structure and complexity of the PNA-EMAS organizations, the
environmental specificities of the sector in which they operate, the characteristics of approved
Long-term Socio-economic Development Plan, it is immediately necessary to identify specific
approaches addressed to the analysis of the "context", through an appropriate
relationship/involvement of relevant stakeholders. These stakeholders can be identified by a
mapping process, a specific study and/or the use of information included in IEA.
Although ISO 14001:2015 does not require any specific documentation, it might be useful
to draw up a " Organization's Context Analysis Report", in which organizations describe the
approach and activities concerning all “output” items of context analysis that affect EMS [Iraldo
and Melis 2015]. All the more reason that the PNAs are a special type of public organizations,
which have relationships with a variety of stakeholders, some of which have a "marginal"
attention towards sustainability, and, therefore, potentially are "hostile" in engagement process.
It confirms the results of the study carried out in the PNA-EMAS, organizations with use of
AHP methodology. It is highlighted, that in terms of improved relationships with stakeholders,
benefits of EMAS registration are almost non-existent.
One final consideration concerns the risks concerning the communication process
proposed in the new ISO 14001:2015. Although more detailed than EMAS, the reference to a
"mere" guideline (ISO 14063), might generate a high risk to the organization: the
communication may have done without a necessary guarantee to activate a process that provides
an adequate/high level of understanding the needs and expectations of all stakeholders of the
PNA. In this sense, the analysis of this critical issue requires further study.
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STRESZCZENIE
Publikacja znowelizowanej normy ISO 14001 wymusiła dyskusję nad modyfikacją
Rozporządzenia Parlamentu Europejskiego i Rady (WE) nr 1221/2009 z dnia 25 listopada 2009 r.
w sprawie dobrowolnego udziału organizacji w systemie ekozarządzania i audytu we Wspólnocie
(EMAS), co związane jest z koniecznością dostosowania wymagań EMAS do nowego standardu w
zakresie zarządzania środowiskowego. Główne zmiany wprowadza analiza kontekstu organizacji,
obejmująca zarówno wewnętrzne jak i zewnętrzne czynniki, które są istotne dla celu działania
organizacji. Analiza kontekstu organizacji wymaga także rozważenia potrzeb oraz oczekiwań jej
zainteresowanych stron.
W niniejszym artykule przedstawiono wyniki badania ankietowego na temat korzyści
wynikających z rejestracji w systemie EMAS, dotyczących wspierania relacji pomiędzy
zainteresowanymi stronami. Badanie zostało przeprowadzone wśród menedżerów środowiskowych
z obszarów chronionych przyrodniczo na terenie Włoch (PNAs) posiadających wpis do rejestru EMAS.
W celu oceny istotności zidentyfikowanych korzyści zastosowano wielokryterialną metodę
hierarchicznej analizy (AHP). Wyniki zrealizowanego badania pokazują, iż rejestracja w systemie
EMAS nie przekłada się bezpośrednio na polepszenie stosunków z zainteresowanymi stronami.
Organizacje powinny wypracować indywidualne podejście do zaangażowania zainteresowanych stron
w rozwój polityki środowiskowej.
Słowa kluczowe: obszary chronione przyrodniczo, EMAS, ISO 14001, zainteresowane strony, metoda
hierarchicznej analizy
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Abstract: Implementation of management systems or an integrated management system in the global
market, which consists of large, medium and small organizations, can provide organizations with a
systematic unification of management processes, better organization of work, as well as the
establishment of effective tools to meet strategic goals and requirements of stakeholders. In economic
terms, the most important reason for the introduction of integrated management systems is to reduce the
cost of poor quality, reduce losses resulting from non-compliance with environmental and safety
regulations.
The paper deals with the examination of important factors affecting the effective and efficient
implementation of the integrated management system, as well as identification of problems encountered
in the implementation of the integrated management system in organizations. The successful integration
of management systems depends on proper planning and effective implementation. Entities that most
influence the integration of management systems are customers, suppliers and owners of the
organization. The problems that organizations encounter within implementing the integrated
management systems is a deficit in human, material resources and diversity of products.
Keywords: integrated management system, quality, environment, occupational safety and health,
organization

INTRODUCTION
Before implementation of integrated management system, it is important to determine the
effectiveness and efficiency of the organization and to reconsider the various management
systems that will be integrated. It is also important to identify the extent, in which integration
should be implemented, to assess the legal requirements and determine the necessary
competence and long-term goals. The management systems integration means linking of
systems oriented on customers, public, employees and owners into one unit. Nowadays, the
management systems implementation is worldwide increasing, organizations are interested in
satisfying the requirements of employees, customers and all stakeholders, and systematical and
voluntary improvement of the environment [Bernardo 2015].
Implementation of the integrated management system is determined by several concurrent
internal and external factors affecting the operation of the organization. The aim of this paper
is to point out the factors that influence the process of management systems integration and
competitiveness of organizations in the market. In particular, factors such as market conditions,
nature of the product, image created through marketing activities, socio-cultural characteristics
of the customers, availability of resources and many others. One of the basic factors, which
appears in many literary sources, is product quality perceived by customers. Customers,
whether they are local or global, they expect that the quality of products that satisfies their
requirements.
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Management systems, with regard on the management of products, processes, people or
the environment, and their use, they occupy a more important role within the current
competition in the global market. Increasingly important role in the development of global
markets play international standards of management systems and their subsequent integration.
The markets globalization provides an important and particularly positive move towards the
internationalization of international standards of management systems. The use of ISO
standards is beneficial for organizations that have introduced management systems and
integrated management systems, and adopt a policy of quality and thus gain an advantage over
organizations that are not so keen to implement the systems or have a negative attitude
[Rebelo 2014].
MATERIALS AND METHODS
We were using processes and methods to obtain proposals and recommendations for the studied
subject. The secondary sources were also used to clarify the theoretical part where the acquired
knowledge from available domestic and foreign resources, which addressed the factors and
subjects that affect the integration of management systems. To achieve the objective were used
more scientific methods, especially methods of analysis and synthesis, which are paired pair of
methods. Analysis was used in examining current issues in the integration process and the
impact of factors acting on it.
By using the synthesis, a link between allocated elements was created, the reproduction
of the collected information was enabled and factors that influence the process of integration
were subsequently investigated. Among scientific methods that have been used, we also
include the method of questioning as a method of collecting primary data within the realized
survey. The aim of the survey was to determine the internal and external factors affecting the
integration of management systems. In drawing up the survey results it was also used synthesis
method by which it was possible to summarize the various outputs in graphical form. The data
were evaluated by using the method of comparison, which investigated the similarities or
differences in the evaluation results.
RESULTS AND DISCUSSION
Reasons for integration of management systems
Integration of Management Systems utilizes the synergy effect to increase the management
efficiency. The mission of the integrated management system is to ensure that products would
meet the demands of customers and the organizations would achieve and demonstrate prudent
environmental performance, would protect the health of employees and create conditions for
safe operation in general [Karkalíková 2015]. The basic benefits of management systems
integration should be synergy, respectively achieving synergy effect and financial savings and
also additional costs reduction. Mutual integration of different systems in organization is
reflected in synergy effects in terms of management efficiency of the integrated management
system. Benefits from the management system integration are not intended only for top
management of company, but also for all employees, customers and other stakeholders, who
encounter the organization. The management system integration increases the company market
value [Olaru et al.2014].
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Entities that most influence the management systems integration are customers, suppliers
and owners of the organization. The problems that organizations have while implementing the
integrated management system are a deficit of human and material resources and diversity of
products. The integration of management systems depends on proper planning and effective
implementation. It is based on the penetration of the standards implementation that are suitable
for the organization as a system of quality management, environmental management system,
management system of health and safety at work management system and food safety and
others, per the nature of the organization and the industry in which it operates. There are several
reasons for the integration of quality management, occupational health and safety, along with
environment management techniques. The reasons for the management system integration are
[Sanz-Calcedo et al. 2015]:
- system approach,
- synergistic effect,
- duplicates elimination (commonly performed operations e.g. training, audits),
- common requirements of individual management systems,
- identification of conflicting objectives, responsibilities and relationships,
- uniformity, consistency within the organization,
- harmonization of the various rules, regulations and procedures,
- continuous improvement,
- reduction of risks,
- improvement of external and internal communication,
- creation of organization image.
Integrated management system is often implemented gradually, by stepwise approach,
where in addition to quality management system it is necessary to implement a management
system and environment management system of health and safety at workplace. Regarding
integration and implementation of management systems, we see the potential because it is a
system clearer, more practical, easier, less costly and complicated. The principle of the
management systems integration is the introduction and development of an effective risk
management system based on the concept of continuous improvement that will lead to the
elimination and management of negative effects influencing the organization.
Before implementing an integrated management system, it is important to determine the
effectiveness and efficiency of the organization and reconsider the various management
systems that should be integrated. It is also important to determine the extent to which
integration should be implemented, to assess the legal requirements and specify the necessary
competence and long-term objectives in the framework of the project of integration. During the
integration process several factors occur that influence the success of an integrated management
system in the organization.
Organizational factors – are important in the implementation integrated management
system. And the reason is fact that the implementation is totally dependent on the strategic level
of planning and includes with aim to provide improvements in the organization. These
improvements are e.g. operational benefits, better external image, customer satisfaction and
employees’ motivation enhancement, competitive advantage.
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Management factors – should also be considered as one of the main reasons to support
the use of an integrated management system in an organization, which provides external
benefits of certification, simplified certification process and thus reduce certification costs
[Muzaimi, M.H, Chewie, B. Ch., 2015]. It is important to assess the factors that can speed up
or slow down the integration of management systems, they are following:
- goals – if your individual goals do not contradict each other, the integration is easier. The
conflicting goals (e.g. the customer's specification of product - the use of substances or
materials that are hazardous to the environment), the environment may represent an
undesirable compromise with the quality of the product,
- entities – speed integration can affect the highest priority entities in different systems,
- status – level of development or implementation of various management systems may be
different, then it is preferable to complete the implementation of a single system, and then
start the integration,
- phase of development – if the management process of different management systems is
different, integration is useful only if all systems were in the same developmental stage.
- the importance of external partners – if external partners are very interested in maintaining
the transparency of the management of a particular system, the organization does not
accomplish its interaction at a high level (i.e. does not integrate manuals and
documentation),
- adjustment of existing systems – at high similarities of management systems elements the
standards harmonization is important,
- efficiency – integration can mean increasing the efficiency of the organization,
- fusion – when thinking about a merger with other organizations, it is recommended to
integrate postponed because of possible problems when combining systems already
integrated in the new organization.
Organizational and management factors affect the implementation of an integrated
management system, in terms of functionality and complexity. During integration, it is
necessary to keep the requirements of each management systems, by those the system should
be ensured. Integrated management system is often implemented gradually, by stepwise
approach, where in addition to quality management system, it is necessary to implement a
management system and environmental management system of health and safety at work. It
means compliance with quality standards according to ISO 9001:2015 Quality management
systems. Requirements, standards of environmental management system ISO 14001:2015
Environmental management systems. Requirements with guidance for use and standards of
health and safety at work according to OHSAS 18001:2009 Occupational health and safety
assessment systems. Requirements. The generic structure of management systems standards is
the main precondition and aspect of their integration. It is their ability to merge into a single,
integrated management system based on processes, while the key factors influencing the system
are customers, suppliers, organizations, public, employees and shareholders.
FACTORS AFFECTING THE INTEGRATED MANAGEMENT SYSTEM
Building an integrated management system that addresses the various requirements enables a
more direct flow of information, improvement of knowledge and responsibility for processes
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and interrelationships in the organization. The organization with integrated operation achieves
enhanced operational efficiency and overall performance and it has lower risks. Implementation
and integration of management systems is an important step towards the prosperity of the
business through effective risk management associated with processes quality, environmental
and safety risks.
The survey was conducted and it focused on the detection, identification and assessment
of views among organizations operating in Slovakia. Its purpose was to assess whether
organizations use systems management and integrated management system in their
organization and to highlight the subjects and factors affecting the integration of these systems,
as well as the effectiveness and benefits, which the organizations reported after the
implementation of the integrated management system.
The survey was conducted by questioning, using the generated on-line questionnaire,
which was sent out via emails to selected organizations. Microsoft Excel and Microsoft Word
were used for processing of obtained data, and the collected data were transformed into the
form of graphs. We operated with the primary data, which were collected in the survey and the
survey was attended by 117 respondents who have implemented at least one management
system. Respondents were asked how they affect factors and subjects as well as the integration
of these systems. The survey shows that out of a total of 248 organizations, 117 responded
organizations have implemented minimum one management system, representing 47.18% of
organisations. 131 organizations have not implemented any management system (52.82%).
Organizations with at least one management system integrated continued to fill in a
questionnaire, and the organizations without management system integrated answered only a
question about the main barriers for implementation of management systems in their
organization (this is not mentioned in the article).
The questionnaire was divided into several blocks and the answers only of three questions
were selected for this article. The second block of questions focused on management systems
used by the organization, as well as the main motives for the implementation of these systems
and identification of the subjects and the factors that the most influence the management
systems implementation.
One of the questions within the block was the identification of management systems that
organizations use. Respondents could choose more options within this question. This means
that organizations can use either only quality management system or environmental
management system, or a system safety management and occupational health.
While the organizations can mutually combine, and use these systems, or they can use an
integrated management system consisting of the three above mentioned management systems,
or use any other management systems in their organizations.
The above Figure 1 shows that the quality management system according to standard ISO
9001:2015 is used by 34,18% (40) of respondents, environmental management system
according to standard ISO 14001:2015 is using the 21,36% (25) of respondents, safety
management system and occupational health and safety according to standard OHSAS
18001:2009 is used by 26,49% (31) of respondents, integrated management system used by
61,53% (72) of respondents, and other management systems are used by 4,27% (5) surveyed
from total number of 117 organizations.
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Fig. 1. Used management systems
Source: Authors’ own work

An important motivation for the implementation of management systems, integrated
management systems in organizations is to increase efficiency, organizational performance and
providing quality products to customers and, ultimately, to meet their requirements and needs.
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Fig. 2. Subjects affecting integration of management systems
Source: Authors’ own work

68

The customers were considered as a subject with the most effect on the integration of
management systems, cited by 80 respondents (68,37%). The customers were followed by
contractors laying down the requirements for the quality of production, reported by 53
respondents (45,29%) and the owners of organizations, who determine the allocation of
resources and the organization, reported by 48 respondents (41,02%). Determining employee
safety, security and social requirements deemed 21 respondents (17,94%) for a subject that least
affects the integration of management systems in the organization. Respondents had the
opportunity to select multiple answers (Fig.2).
Figure 3 shows that the time saving, with 80 responses (68.38%), together with improved
efficiency, with 78 responses (66,66%), and the simplified system, with 60 responses (51,28%),
are considered as the most important elements during the implementation of management
systems. It is also important to consider the harmonization and optimization of processes with
the number of responses 75 (64,1%), harmonization of documentation with the number of
responses 52 (44,44%) and competitive advantage with the number of responses 42 (35,9%).
Reducing the number of conflicts which reported 47 respondents (40,17%), and reducing the
risk of accidents which indicated 39 respondents (33,33%) are considered as important but
unimportant too. The organizations state that the improvement of internal and external
communication is less important.

Fig. 3. Factors affecting the implementation of management systems
Source: Authors’ own work

The above results suggest that factors, which organizations considered the most important
in the implementation and integration of management systems, is saving time and improvement
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of the organization efficiency and effectiveness and less important factor, enhanced customer
confidence.
Globally, many organizations and corporations applying in their work tools of integrated
management system in long term perspective. The reasons why these organizations decide for
implementation of management systems, integrated management system are mainly social
responsibility, economic benefits and improvement of the organization image and competitive
advantage [Krnáčová 2009]. Unlike large organizations, the integrated management systems
are less popular in small and medium-sized enterprises. SMEs dispose the advantage of greater
flexibility, but also the disadvantage of lack of knowledge and missing experts, particularly
within environmental management, management of health and safety and information
technology. One of the effective ways to promote the implementation of management systems
and integrated management systems is improvement of the management of small and mediumsized enterprises so that they become economically sustainable, e. g. to lead them to better
control processes, to more efficient use of raw materials and energy, to the implementation of
the best available technologies.
Evaluation of integrated management system, in terms of its functionality and complexity
should be done to meet the requirements of each management system, by which this system
should be ensured. It means to assess compliance with quality standards according to standard
ISO 9001:2015, standards of environmental management according to standard ISO
14001:2015 and safety standards according to OHSAS 18001:2009.
CONCLUSIONS
Implemented management systems, or their mutual integration has a major impact on the
operating results of the organization, such as increasing market share, resource efficiency,
reconciliation processes, increasing competitiveness, continuous improvement of individual
processes and activities of the organization. The implementation of an integrated management
system is intended to ensure the effectiveness of individual processes within the organization,
to increase productivity and to simplify penetration into new markets. The rate of integration
depends on the nature of the activities of the business entity and the scope of the portfolio of
products supplied. The various models of management systems have common elements, which
are PDCA methodology, proactive, prevention, and continuous improvement. The
implementation of an integrated management system is a tool for differentiation from
competitors and for maximizing revenues through increasing the satisfaction of internal and
external customers. The management systems integration affects the acquisition of several
competitive advantages for organizations. By successful implementation of an integrated
management system, the company may acquire a wide range of benefits, whether strategic,
economic, operational, management or benefits for employees. From a theoretical point of
view, management systems are seen as tools for more effective management processes in the
organization.
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STRESZCZENIE
Wdrażanie systemów zarządzania, a w szczególności ich integracja, może zapewnić
organizacjom ujednolicenie procesów zarządzania, lepszą organizację pracy oraz stworzenie
skutecznych narzędzi do osiągania strategicznych celów i spełniania wymagań zainteresowanych stron.
Pod względem ekonomicznym najważniejszym powodem wdrażania zintegrowanych systemów
zarządzania jest obniżenie kosztów jakości i zmniejszenie strat wynikających z nieprzestrzegania
przepisów dotyczących środowiska oraz bezpieczeństwa i higieny pracy.
W niniejszym artykule przedstawiono istotne czynniki wpływające na efektywne i skuteczne
wdrożenie zintegrowanego systemu zarządzania, a także zidentyfikowano problemy napotkane
podczas wdrażania zintegrowanego systemu zarządzania w organizacjach. Skuteczność wdrażania
zintegrowanych systemów zarządzania zależy od zaplanowania oraz sposobu realizacji integracji.
Podmiotami najbardziej wpływającymi na skuteczność integracji systemów zarządzania są klienci,
dostawcy i właściciele organizacji. Problemy napotykane przez organizacje w ramach wdrażania
zintegrowanych systemów zarządzania stanowią przede wszystkim niedobór zasobów ludzkich,
zasobów materialnych oraz różnorodność oferowanych produktów.
Słowa kluczowe: zintegrowane systemy zarządzania, jakość, środowisko, bezpieczeństwo i higiena
pracy, organizacja
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Abstract: This work aims to present validation as process on which mass measurement accuracy and
precision depend and which significantly influences final product quality and quality of successive
production process. The procedures were referred to mass measurements carried out using electronic
weighing equipment. Theoretical problems concerning the discussed issue were related to actual
metrological procedures which have to be carried out during validation.
The article presents legal basis and methodology of the main tests that are usually carried out for
electronic weighing equipment, specific requirements for different measurement processes were taken
into account. Careful attention was paid to the significance of reference weights that are used during
control of electronic weighing equipment. The following subjects were presented: classification of
weights in accordance with actual legal situation in Europe and scope of their implementation in
accordance with balance or scale reading unit. For electronic weighing equipment, the analysis of errors,
that in accordance with regulations of Polish and European law may appear while using it, were
presented. Those values were compared with actual errors which occur during operation.
Key words: validation, weighing equipment, qualification, quality, quality systems

INTRODUCTION
Seemingly, mass measurement is the simplest measurement process carried out in laboratory.
In most cases, sample mass is unknown before analysis. Due to that, the observed result of mass
measurement is intuitively taken as true. Optimistically, we can assume it is truth. However,
weighing process consists of complicated mechanisms. Understanding of what are those
mechanisms and how they work not only improves operation, but also enables optimal use of
weighing equipment. It is not possible to perform analysis of all elements and cases connected
with mass measurement, because the accuracy of the process is determined not only by
weighing equipment, but also by the specificity of the sample. Comprehensive analysis has to
contain all possible combinations of types of weighing equipment and specific characteristics
of measured samples. Practice has shown that for the majority of weighing instruments users
general recommendations and guidelines, connected with periodic control of balances and
scales operation correctness, are sufficient enough. Two terms are connected with the process
of determining sample mass: precision and accuracy of measurement. These are characteristic
parameters of measurement equipment. Quantitative assessment of these parameters requires
applying adequate criterion, in most cases known as acceptance criterion [Journal of Laws
2015], which is based on legal metrology which in turn results from methodology [Journal of
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Laws 2001, Journal of Laws 2016]. Such approach enables to obtain consistency of the method,
regardless location of the evaluation and test completion time. This is very important when
verification of the results by so-called third party is crucial. Maximum permissible errors, that
balance or scale can show, can result from legal metrology and user requirements. The first
solution is simpler, because of the use of ready, classified values. However, these values may
not be adequate in terms of requirements crucial for product quality. In the second case, user
has to determine his own acceptance criteria for the evaluated parameter. This is the hardest
approach, because it requires relating sample mass measurement error [PN-EN IS0 8655-6
2003] with requirements of subsequent or previous operation on the same sample. In such cases,
conclusions are to be reasonably drawn based on the measurement or series of measurements.
Third criterion, in case of maximum permissible errors, which balance or scale can indicate
during weighing, is to accept what is declared by the manufacturer of the equipment. During
validation [Journal of Laws 2015] errors of balance or scale are verified whether they exceed
values given in technical specifications. It should be noted, that regardless selected solution,
the analysis of measurement result should be useful in terms of quality. This means, the analysis
has to indicate that taken action is correct or there is possibility to improve it.
LEGAL METROLOGY IN PRACTICE
As it was mentioned above, evaluations in case of validation [Journal of Laws 2015] are based
on requirements of legal metrology. An idea of legal metrology is state supervision over
electronic weighing equipment. An effect of this supervision is conformity assessment
[Directive 2014/31/EU 2014] or, later, anew legalization of measuring equipment. In case of
the previous legal system (before 2004) legal supervision was applied to almost all metrological
aspects and all measuring equipment. It was a utopian idea which required fully-functional
supervision in terms of knowledge and operation. Nowadays, legal state supervision is carried
out in case of measuring equipment which is used for specific applications:
- in health, life and environment protection,
- in security and public order protection,
- in customer rights protection,
- in case of charging, taxes and other budget charges, determining discounts, stipulated
penalties, remunerations and compensations, accepting and determining similar dues and
benefits,
- during customs control,
- in public trading [Journal of Laws 2001].
From the above text, it follows that applying weighing equipment in these areas has to be
evaluated taking into account requirements of legal metrology [Journal of Laws 2016]. This
fact is not understood by users. Still, there is widespread stereotypical view that weighing
equipment, controlled by Office of Measures (legal metrology), is trustworthy and better than
weighing equipment not subjected to such supervision. This view is inconsistent with the fact
that manufacturers have implemented quality systems with reference to process-based approach
[PN-EN ISO 9001:2009]. Thanks to this system, they can provide high quality products.
Figure 1 presents ideology showing process-based approach. Each manufacturer uses
market to gain materials or components for his production. Before start of production and at
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each stage of it, there is a verification of key parameters concerning material, semi-finished
product and manufactured product. In case of positive evaluation, element (substrate) is handed
over to subsequent stage of final product manufacturing. When the evaluation is negative,
element is removed from the production process. This mechanism of verification applies to
every part of the production process (process-based approach). With use of it, it is possible to
achieve presumed quality not as a result of final inspection, but as prevention - on each stage
of manufacturing process. As a consequence, manufacturer can implement to the market
product of good quality, which matches preferences of the receivers. The product is free from
any defects and is safe for potential customer. Each electronic weighing instrument has its own
lifetime which has to start with validation, through calibration and controls, up to maintenance.
Elements and complexity of these procedures in weighing equipment lifetime depend on
customers’ needs and knowledge. It is assumed that the higher the requirements of measurement
accuracy, the more restrictive procedures weighing equipment is subjected to. Some
requirements of the industries, e.g. pharmaceutical, contain detailed tests for mass
measurements. [USP 36-NF 31 2013].

Fig. 1. Process-based approach in manufacturing
Source: Authors’ own work

State supervision over measuring equipment requires using suitable legal provisions. In
Poland, these are “Law on measures” May 11, 2001 which, with later amendments added on
13 April, 2016, became an act On conformity assessment system and market surveillance, and
Regulation of the Minister of Development of 2 June, 2016 “Requirements for non-automatic
weighing instruments”. Composition and content of these legal documents are consequences of
implementing European law to polish legislation. In such situation, the main legal document is
Directive 2014/31/EU of the European Parliament and of the Council of 26 February, 2014 “On
the harmonisation of the laws of the Member States relating to making available on the market
of non-automatic weighing instruments”. With this directive, European standard is connected:
EN 45501 “Metrological aspects of non-automatic weighing instruments”, which contains
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detailed requirements and methodology of metrological tests. This standard has obtained the
status of Polish standard PN-EN 45501 and its provisions have been implemented to the
Regulation of the Minister of Development.
A legal action, in the field of legal metrology, is conformity assessment or subsequent
verification. During this process, whole measuring range of an instrument is verified. Errors
indications are evaluated in the context of maximum permissible errors (MPE). All indications
are compared with verification unit (e), which is the contractual value used for classification
and verification of weighing equipment [OIML R 76-1 2006]. The final effect of such process
is determination whether the instrument meets the requirements of legal metrology. The
disadvantage of this procedure is no information about actual deviations, which the instrument
indicates during testing. The following knowledge is relevant for potential customer: in
accordance with the requirements of legal metrology, instrument's errors during operation can
be twice as high. Table 1 contains compared numerical values for exemplary RADWAG manufactured PS 6000.R2 balance: parameters, 6000 g maximum capacity, reading unit d=0.01
g, verification unit e=0.1 g.
Table 1. Maximum permissible errors during conformity assessment and in use.
Maximum capacity

Maximum permissible errors in
verification units e and in grams
during conformity assessment or
subsequent verification
(legal metrology)

Maximum
permissible errors
during
operation
(MPE)

Manufacturer's
declaration

0 – 500 g

0.5 e

0.05 g

0.10 g

0.03 g

500 g to 2000 g

1.0 e

0.10 g

0.15 g

0.03 g

2000 g to 6000 g

1.5 e

0.15 g

0.30 g

0.03 g

Source: Authors’ own work

Stating, that the instrument meets legal requirements means, that measurement errors of
the instrument during control were smaller or equal to maximum permissible errors. This is a
very general statement which adds little value to the accuracy assessment of any measuring
system. Bearing in mind that the smallest possible verification unit is 1 mg, and instruments
reading units and maximum permissible errors have the following values:
d=0.1 mg
e=1 mg
MPE = 5 d
d=0.01 mg
e=1 mg
MPE = 50 d
d=0.001 mg e=1 mg
MPE = 500 d (microbalance)
d=0.0001 mg e=1 mg
MPE = 5 000 d (ultra-microbalance)
Statement that deviation of balance or scale indication is smaller or equal to MPE is
insignificant information. For an exemplary MYA 2.4Y microbalance, manufactured by
RADWAG Balances and Scales Poland, of maximum capacity 2 g and reading unit d=0.001
mg, the above relation is presented on Figure 2.
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Fig. 2. Microbalance - actual errors during weighing (own work)
Source: Authors’ own work

In case of MYA 2.4Y microbalance manufactured by RADWAG Balances and Scales
Poland, maximum actual indication error for 2 g weight is 0.002 mg, whereas legal metrology
allows for maximum error of 1 mg. Due to that, most users who need to use weighing equipment
in accordance with legal requirements carry out additional verification procedure. Therefore, it
can be said that the requirements of legal metrology do not apply to instruments which are
characterised by high resolutions.
INDUSTRIAL METROLOGY
Obtaining optimal results during measurements requires thorough knowledge of the balance or
scale as measuring instrument. The aim is not an in-depth analysis of everything that is
connected with the weighing equipment, but to identify some areas that are crucial in this
regard. At first, there may occur a common problem with determining one's own requirements
in regard to measurement accuracy. The easiest way is to say that the measurement has to be
accordant with manufacturer technical specifications. However, it is not easy to fulfil these
requirements. Each workplace is characterized by a different pace of change which can
influence measurement accuracy. Own research and available information proves that mass
measurement is burdened with repeatability and accuracy errors [PN-EN 45501 2015].
Therefore, it is reasonable to properly specify own needs and requirements. This information
has to be a base for any actions in the field of industrial metrology. As a consequence, only
parameters of the instrument that have significant influence on measurement accuracy have to
be verified. This is a completely different approach than the one specified by legal metrology.
For example, in case of weighing instruments used for determining masses of small samples,
the only parameter subjected to verification is repeatability. On the basis of the above it may be
concluded, that quantity of control tests of a weighing instrument can be minimised without
increasing risk of error.
VALIDATION OF MEASURING SYSTEMS USING ELECTRONIC WEIGHING
EQUIPMENT
Validation can be specified as a measure aiming to confirm in a documented form that the
procedures, processes, equipment, materials, actions and systems really lead to planned results
[Journal of Laws 2015], wherein the confirmation method must be accordant with Good
Manufacturing Practice regulations. Validation enables to obtain an objective information
concerning whether the measurement errors will be comprised within specified legal criteria or
criteria defined in accordance with own needs. Validation also refers to issues connected with
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development process of test procedure. However, in each case validation is always a
compromise between costs, risk and technical possibilities [Gąsior 2007].
With use of this procedure, it is possible to check requirements in terms of functionality,
ergonomics and speed, if such requirements were presented. In validation structure four
processes known as Qualifications can be distinguished:
§ design qualification (DQ)
§ installation qualification (IQ)
§ operational qualification (OQ)
§ process qualification (PQ)
Validation process is accurately specified by Validation Policy, Documentation and
Qualification process. Basic requirements of validation are contained in the Regulation of the
Minister of Health of 27 November, 2015 “On requirements of Good Manufacturing Practice”
- Journal of Laws 27 November item 1979.
From the abovementioned it follows, that validation is a complete process which evaluates
project, requirements, weighing instrument installation, start-up and use. The most important
element from the user point of view is correct operation of the equipment. Thereby, validation
in terms of operational qualification (OQ) requires special accuracy. In case of this process,
there are two commonly used solutions. The first one is control and analysis of all parameters
of weighing equipment, regardless of its expected scope of operation. Such analysis usually
checks the accuracy for net and gross weights, repeatability, eccentricity and indications
accuracy. The second approach is analysis of only those parameters which are crucial, e.g.
weighing small samples. It may be differential measurement of filter mass during assessment
of air quality or determination of the PM 10 fraction of suspended particulate matter [PN-EN
12341 2006]. For this research, the only reasonable control concerns repeatability of weighing
instrument indications. In this case, other parameters are irrelevant. Hence the dilemma of a
person carrying out verification: which parameters have to be taken into consideration.
Naturally, negligence of this problem has serious practical consequences. Based on the
responses, tests and periodical checks are scheduled. In extreme cases, it may result in an
excessive amount of personnel work and some economic losses, not necessarily accompanied
by quality of the weighing process. Table 2 presents exemplary procedure concerning control
over metrological parameters depending on used maximum capacity.
Table 2. Control over metrological parameters depending on used maximum capacity
The mass of measured sample as
percentage fraction of maximum
capacity

Required control
Eccentricity

Repeatability

Readability

0£ m £ 10 % Max

x

Yes

x

10% Max < m £ 50% Max

x

Yes

yes

50% Max < m £ 100% Max

yes

Yes

yes

Source: Authors’ own work
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GENERAL PRINCIPLES OF METROLOGICAL TESTS CARRIED OUT DURING
VALIDATION
Before tests, it is required to know at least basic issues concerning:
- weighing equipment (functional capabilities in the scope of settings which influence
weighing result),
- mass standards (requirements for their accuracy and area of use during metrology tests),
- methodology (principles of carrying out tests),
- requirements (tolerances for metrological tests and what causes them),
- ambient conditions (influence of ambient conditions during test on measurement result).
During testing, mass standards are crucial elements. Mass standard can be any object
made of material assuring constancy of mass in time, having identification characteristics and
calibration certificate with determined mass value, specified calibration uncertainty and
information about maintaining traceability [Ossowski 2016]. Whereas weight [OIML R 111-1
2004] is a material measure of mass, regulated in terms of physical and metrological properties:
shape, dimensions, material, surface quality, nominal value, density, magnetic properties and
maximum permissible error. Weight with calibration certificate can be used as mass standard.
Detailed requirements for weights are to be found in OIML R111-1 document which specifies
list of weights (mass standards) in a form of table. In Tables 3 and 4 partial list of weights,
based on OIML R111-1 document, is presented.
Table 3. Maximum permissible errors for weights (mass standards)
Weights accuracy classes in accordance with OIML R 111-1
Class

E1

E2

F1

F2

Maximum permissible error dm
200 mg

± 0.006 mg

± 0.02 mg

± 0.06 mg

± 0.2 mg

2g

± 0.012 mg

± 0.04 mg

± 0.12 mg

± 0.4 mg

20 g

± 0.025 mg

± 0.08 mg

± 0.25 mg

± 0.8 mg

50 g

± 0.03 mg

± 0.1 mg

± 0.3 mg

± 1 mg

100 g

± 0.05 mg

± 0.16 mg

± 0.5 mg

± 1.6 mg

200 g

± 0.1 mg

± 0.3 mg

± 1 mg

± 3 mg

Source: Authors’ own work

Table 3 contains maximum permissible errors for weights of specified accuracy class. Table 4
contains field of application of the weights including weighing equipment of different reading
units. For example, weights (mass standards) of F2 class cannot be used to control balance or
scale of reading unit d=0.1 mg. On the other hand, mass standards of E2 class can be used to
control the equipment with reading unit d=1 mg. Another issue is mass standards maintenance.
During intensive use, mass standards wear off. Due to that, their deviations (errors) can differ
over time.
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Table 4. Maximum permissible errors for weights (mass standards)
Weights accuracy classes in accordance with OIML R 111-1

Weighing
instrument
reading unit

E1

0.001 mg

yes

0.01 mg

E2

F1

F2

no

no

no

yes

yes

no

no

0.1 mg

yes

yes

yes/no

no

1 mg

yes

yes

Application

yes

Source: Authors’ own work

WEIGHING EQUIPMENT ACCURACY
The concept of indications accuracy is quite broad and combines all factors which influence
weighing result. Determining accuracy helps to compare observed indication with weight of
mass standard which is currently measured. The difference between those values is accuracy
error. This parameter can be determined using direct method or supplementary weights. The
first solution is presented in Table 5.
Table 5. Indications accuracy – direct method
Mass standard

Tare

[a]
[b]
20 g
0
50 g
0
100 g
0
150 g
0
200 g
0
Source: Authors’ own work

Mass standard
weight
[c]
20.0000
50.0000
100.0000
150.0000
200.0000

Indication
[d]
20.0001
50.0002
99.9998
149.9998
200.0003

Accuracy error
[d - c]
0.0001
0.0002
-0.0002
-0.0002
0.0003

Unfortunately, test for indications accuracy requires using full range of mass standards of
appropriate accuracy class. The cost of such set is high. Due to that, such procedure is rarely
carried out. Usually, users simplify the procedure to one measuring point. In addition, they
make assumption that dependence between indications accuracy and maximum capacity is
linear. However, definition of validation specifies that the abovementioned has to be confirmed
in a documented way, not by assumption, even if the assumption appears correct.
REPEATABILITY OF INDICATIONS
This parameter is determined by series of 6 or 10 measurements that are carried out for the same
product. Basing on the obtained results, standard deviation and scatter, calculated as difference
between maximum and minimum indication, are determined. An exemplary calculation is
presented in Table 6.
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Table 6. Repeatability - series of measurements
1

2

3

4

5

6

7

100.0003

100.0005

100.0001

99.9999

100.0006

100.0002

100.0000

R = 100.0006 – 99.9999 = 0.0007 g
Mean value of measurements series = 100.0002 g
Standard deviation (σ) = 0.0003 g
Source: Authors’ own work

With calculated mean value and standard deviation of series of measurements, it is
possible to determine, with a certain degree of probability, to what extent mass of measured
sample is comprised. Three-sigma rule is used. Basing on values of normal distribution it can
be said that (Table 7):
68.2% of the values lie within +/- 1 standard deviation of the mean,
95.4% of the values lie within +/- 2 standard deviation of the mean,
99.7% of the values lie within +/- 3 standard deviation of the mean.
Table 7. Actual mass of the sample depending on the probability
100.0002 g

+ 0.0003 g
– 0.0003 g

With probability 68.2 % (1sd)

100.0002 g

+ 0.0006 g
– 0.0006 g

With probability 95.4 % (2sd)

100.0002 g

+ 0.0009 g
– 0.0009 g

With probability 99.7 % (3sd)

Source: Authors’ own work

From the above relations, it may be concluded that there is no ideal measurement in
nature. Each one is burdened with certain error. Therefore, weighing equipment (balances and
scales) should be selected in a way enabling potential measurement error to be smaller than
expected measurement tolerance.
ECCENTRICITY ERROR
With use of the principles of Good Laboratory Practice, the load has to be placed centrally on
the weighing pan. Seemingly simple requirement is difficult to be fulfilled in practice, because
some objects intended for weighing are asymmetrical. Eccentricity is a difference between
indication obtained for load placed centrally on the weighing pan, and indication for load placed
out of the centre.
The practical meaning of eccentricity can be presented by the following example: when
the load is placed outside the centre of the weighing pan, measurement result can be burdened
with error which is smaller or equal to eccentricity. For example, eccentricity is 0.0005 g, mass
of sample loaded centrally on the weighing pan is 123.7654 g. Whereas, when the same sample
is placed outside the centre of the weighing pan, its mass is 123.7659 g.
It should be noted, that eccentricity value depends on the load value. The greater load
value, the greater eccentricity. Due to that, there are some standards which are applied during
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eccentricity determination. The consequence of the above statements is that eccentricity error
does not occur during small samples weighing. By convention, these masses are smaller or
equal to 20% of the maximum capacity of weighing instrument.
Eccentricity is determined by tests carried out with use of mass standards. As it was
mentioned above, there are specified standards containing normative documents [Journal of
Laws 2001, Journal of Laws 2016, PN-EN 45501 2015]. In accordance with the above
documents, eccentricity is verified using weight of 1/3 of maximum capacity and placing this
weight in adequate points on ½ of the weighing pan (Figure 3).

Fig. 3. Points for testing eccentricity of weighing instrument OIML R-76-1
Source: Authors’ own work

Result of weighing mass standard carried out in points 1-4 cannot exceed errors resulting from
normative (legal) documents or manufacturer's declaration. Differential error of eccentricity is
checked in a different way. In this case, mass standard has to be loaded centrally on the
weighing pan and then on the rest of the points (Figure 4).

Fig. 4. Eccentricity differential error - measuring point
Source: Authors’ own work

The following example presents method for calculating eccentricity error:
Formula
ECC = R (i) – R (1)
where:
E
- eccentricity differential error
R (i)
- indication for subsequent point
R (1)
- indication for central position
R (1) = 70.0003
R (2) = 70.0002
R (3) = 70.0006
R (4) = 70.0007
R (5) = 70.0002

E (2) = 70.0002 – 70.0003 = - 0.0001
E (3) = 70.0006 – 70.0003 = 0.0003
E (4) = 70.0007 – 70.0003 = 0.0004
E (5) = 70.0002 – 70.0003 = - 0.0001
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In this case, maximum eccentricity differential error is 0.0004 g.
In validation process, operational qualification (OQ) is almost always based on testing
weighing instrument parameters using mass standards. However, weighing process is carried
out for different objects, which may generate various problems. Due to that, process
qualification (PQ) is also important. Many objects before or during weighing require special
conditions. Teflon filters used for measuring suspended particulate matter PM 2.5 can be an
example [PN-EN 14907 2006]. Their electrostatic charges have to be neutralized. Otherwise,
random results and dispersion of series of measurements are obtained. The air quality
assessment based on them is virtually impossible. In practise, also problems connected with
absorption or evaporation of a liquid occur. A specific case is gravimetric method for
controlling volume of piston pipettes [PN-EN ISO 8655-6 2003]. For such process evaporation
ring is necessary.
CONCLUSION
Versatility of quality systems, especially among manufacturers, causes that products available
on the market characterize with higher quality. The aim of this work is to present the issues and
procedures of electronic weighing equipment validation. Process-based approach in case of
quality systems forces verification of product quality before its implementation. Due to that, it
is justified and important to carry out validation, which unfortunately is treated as a complex
and time-consuming procedure. According to the authors, the belief that the more
documentation, the better is not entirely true and in most cases, results from user lack of
knowledge. Checking weighing instruments, which means confirmation of its correct operation
during validation, should comprise only those parameters which are crucial for the quality of
whole manufacturing process and final product control. At appropriate stages of the production
process, it is necessary to define areas of increased risk and, if it is necessary, introduce
corrective actions. Unfortunately, in this production chain, man still remains the weakest link.
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STRESZCZENIE
W pracy przedstawiono znaczenie walidacji jako postępowania, które decyduje o dokładności
i precyzji pomiarów masy, a poprzez to ma znaczący wpływ na jakość produktu finalnego lub jakość
kolejnego procesu produkcyjnego. Procedury te odniesiono do pomiarów masy, jakie wykonywano za
pomocą wag elektronicznych. Zagadnienia teoretyczne dotyczące analizowanych kwestii powiązano
z rzeczywistymi procedurami metrologicznymi jakie powinny być wykonane w czasie walidacji.
W artykule przedstawiono podstawy prawne oraz metodykę głównych testów jakie są zazwyczaj
realizowane dla wag elektronicznych z uwzględnieniem specyficznych wymagań różnych procesów
pomiarowych. Zwrócono szczególną uwagę na decydujące znaczenie wzorców i odważników jakie są
wykorzystywane podczas kontroli wag elektronicznych. Przedstawiono klasyfikację odważników
zgodnie z obowiązującym stanem prawnym w Europie oraz zakres ich zastosowania zależnie od działki
elementarnej wagi. Dla wag elektronicznych przedstawiono analizę błędów jakie waga może
wykazywać zgodnie z obowiązującymi przepisami prawnymi w Polsce oraz Europie. Te wartości
porównano z rzeczywistymi błędami jakie waga wykazuje podczas użytkowania.
Słowa kluczowe: walidacja, waga, kwalifikacja, jakość, system jakości
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Abstract: The aim of the study was to discuss the importance of the product safety, which is a main
aspect of product quality. On the example of toys which are one of the leading product groups in the
European Rapid Alert System for non-food dangerous products (RAPEX), there have been presented
some evidence, that the product safety is still an issue on the polish market. This happens, despite the
fact that the quality requirements are set by both European directives and national acts, what is more
market surveillance system operates in Poland. are also some quality marks confirming the safety of
toys on the market.
There are presented some independent certification bodies which offer voluntary certification
services dedicated to toys. This could be an additional way of verifying the product quality, also in safety
aspects. In conclusion, the problem with safety of toys is still present. There have been set new acts, in
order to tighten the market surveillance also in Poland in 2016 which concern some groups of products,
among others toys.
Keywords: product safety, toys quality, Toys Directive, voluntary product certification

INTRODUCTION
The Problem with non-food products safety is known for a long time. There have been many
examples of their hazardous impact on human health. There have been set regulations and acts
in order to protect consumers against negative impact of these products, but there are still a lot
of hazardous products on the Polish market, toys being the largest group of them. The situation
is alarming because toys are products intended for children who are not fully aware of the
dangers of using them [Salerno-Kochan, 2016].
The requirement for product safety in Poland was imposed on manufacturers through the
General Product Safety Act of 12 December 2003 implementing the General Product Safety
Directive 2001/95/EC of 3 December 2001. A safe product, as defined in the law, is one that
does not pose any threat to human life or health related to use of the product. It is therefore
possible to consider the product be safe if one of the below regulations is obeyed:
- European Union directives or voluntary national standards transposing European standards,
- European law regarding product safety,
- Member State law regarding product safety [General Product Safety Act, 2003].
Products, such as toys, belonging to groups covered by the European Directives must
meet the requirements of these directives, harmonized European standards plus their
corresponding national regulations. In view of this, the General Product Safety Act does not
apply. The European law regulating safety requirements for toys is Toys Directive 2009/48/EC
of 18 June 2009. This directive has been implemented in Poland by Regulation of the Minister
of Development and Finance of 20 October 2016 on the requirements for toys. The
Regulation specifies among others essential requirements for toys and conformity assessment
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procedures. It should be applied together with the Actof 13 April 2016 on conformity
assessment and market surveillance systems (Dz. U. 2016, item 542). However, these are not
the only standards to be met before placing the products on the market. There have been few
incidents where chemical substances causing cancer, allergy or having a negative influence on
reproduction were found in puzzle mats and painting products for children. Therefore, in 2017,
the following 3 European Commission Directives, which are available in the Eur-Lex legal
basis, are to be incorporated into the national law of the Member States:
- 2015/2115/EC - amending, for the purpose of adopting specific limit values for chemicals
used in toys, Appendix C to Annex II to Directive 2009/48/EC of the European Parliament
and of the Council on the safety of toys, as regards formamide,
- 2015/2116/EC - amending, for the purpose of adopting specific limit values for chemicals
used in toys, Appendix Cto Annex II to Directive 2009/48/EC of the European Parliament
and of the Council on the safety of toys, as regards benzisothiazolinone,
- 2015/2117/EC - amending, for the purpose of adopting specific limit values for chemicals
used in toys, Appendix C to Annex II to Directive 2009/48/EC of the European Parliament
and of the Council on the safety of toys, as regards chloromethylisothiazolinone and
methylisothiazolinone, both individually and in a ratio of 3:1 [Eur-Lex legal base, 2017].
The first two directives are planned to be applied from 24.05.2017 and the third from
24.11.2017 [Information on the toy directive, 2017].
Regarding the technical requirements, there are some harmonized standards, which in details
specify the context of toys safety in terms of physical, mechanical and chemical features and
test methods7.
A toy is defined as a product designed or intended for fun and a product which because
of its characteristics or appearance may be used for playing by children under the age of 14
[Regulation, 2016]. It is very important to adapt as pecific toy to the child's age. So, it is
necessary to know the developmental stages of the child. Other fun related requirements and
needs apply to infants, other to school children. This is important not only in terms of protecting
a baby from potentially "dangerous" toys, but also in terms of stimulating the development of
children through educational toys. The classification of toys regarding the development stages
of a child is contained in a guide PKN-CEN / CR 14379: 2007.
As you can see, there are many adjustments that are designed to minimize the risks of
toys. Regulations are the basis for product verification on the market through market
surveillance authorities. However, non-complying products are still being found on the market.
So the question is how to minimize this problem.
MATERIALS AND METHODS
As this is mostly a review article, there have been showed a number of examples stating
that safety is the most important factor in evaluating toys quality. In order to emphasize
existing problem with safety of toys, there have been conducted some analyses of publicly
available sources and shared materials. The first regards the dangerous toys notifications in
7

See more in http://www.pkn.pl/var/resources/1/1/812/2009_48_WE.pdf [access: 21.03.2017] or Maleszka, A.,
Michalska, A., 2016, Wymagania bezpieczeństwa względem produktów powszechnego użytku w Polsce,
Gospodarka Materiałowa i Logistyka, no. 5, pp. 425-436.
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the European Rapid Alert System for non-food dangerous products (RAPEX). The alerts
reported by the national authorities are published by the European Commission in the system.
All the notifications are available on the internet site in the form of weekly reports or can be
easily found according to some criterions [RAPEX, 2017].
There have also been analysed some activities reports written by Commercial Inspection
which is the specialized national organ of The Office of Competition and Consumer Protection,
which form the Polish market surveillance system. In addition, there have been reviewed the
Polish toy certification market as well as the quality and safety marks available on the market
dedicated for toys. All the above-mentioned reports and information are available on the
internet sites. The last thing to be presented was the results of the analysis of the fitness for
purpose tests of toys conducted within the voluntary certification processes by one of the
leading certification bodies in Poland. The analysis involved a small group of toys that were to
be sold in a non-specialized retail chain.
RESULTS AND DISCUSSION
In the European Union countries, the number of notifications regarding toys was rising between
2011 and 2014. In 2014, it achieved the highest level. The situation was better in the next two
years, as shown in the Figure 1.
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Fig. 1. The overall number of RAPEX applications from European Union countries regarding Toys in
years 2010-2016.
Source: Authors’ own elaboration based on: [RAPEX, 2017]

Regarding the situation of particular countries of the European Union in years 2015-2016,
the highest level of notifications was reported in Spain, while Poland reported a considerably
lower amount of notifications (Figure 2).
According to the analysis of the RAPEX notifications for selected groups of products
belonging to durable consumer products, there were made 29 applications in Poland in 2016.
The highest number of notifications from Poland regarded three product groups in terms of
durable consumer goods. These were toys, clothing, textiles and fashion items and electrical
appliances and equipment. The leading group was Toys, which is shown in the Figure 3. 2010
was the year with the largest number of notifications i.e. 31. In the following years, there was
a decrease in the number of notifications, followed by a rapid increase in 2016 in comparison
to the previous year.
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Fig. 2. The number of RAPEX applications from particular Member States regarding Toys in years
2015-2016.
Source: Authors’ own elaboration based on: [RAPEX, 2017]
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Source: Authors’ own elaboration based on: [RAPEX, 2017]

Almost all of the notified toys in Poland in 2015-2016 came from China. Just one originated
from Hong Kong. Regarding the risk levels, 27 of 29 notifications were assigned a serious risk.
Risk types are shown in the Figure 4. Most of them concerned choking hazard. Plastic dolls,
musical instruments, rattles and mobile phones are the examples of toys found in RAPEX
system.
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Fig. 4. The types of risks regarding Toys in years 2015-2016.
Source: Authors’ own elaboration based on: [RAPEX, 2017]

Toys are also under supervision of market control authorities. In Poland, such controls
are conducted by Commercial Inspection. Inspections are carried out in accordance to preestablished plan. They are not organized regularly and inspection range is rather narrow.
In the first quarter of 2015 there have been conducted some controls regarding the safety
of toys on the polish market. There were checked 111 enterprises: 55 retailers, 38 wholesalers,
8 importers, and 7 manufacturers. There were checked 859 toys. 75,8 % of the inspected toys
were imported. In 36,6 % of controlled toys there were found incompatibilities. The most
problems related to incorrectly issued declarations of conformity, incorrect warnings, wrong
classification and the lack of manufacturer data. In terms of inspection, there have been
conducted some laboratory tests according to the technical standards, exactly according to PNEN 71 group of safety standards for toys. A total of 138 toy samples were tested and 50 of them
(36,2 %) were found to be incompatible in design, construction, chemical properties of used
materials. The most common inconsistencies were:
- the appearance of small items (small items that allow them to be swallowed and it poses the
risk of choking or strangulation),
- excessive sound pressure level, which creates potential risk of hearing damage,
- excessive cord length, which poses the risk of strangulation,
- presence of burrs, which creates a risk of injury and abrasion [Information on the results,
2015].
Report summarizing the year 2015 presents that there were conducted in total 781
inspections on 3956 toys. The inspection based on 2009/48/WE Toys Directive. There were
disputed 1530 products (39% of the controlled items). The most common non-compliance
concerned improper labelling and construction issues [Report on the functioning, 2016].
In terms of obligatory certification associated with conformity assessment, in the first
quarter of 2016 there were 86 notified bodies registered in Poland. Just 3 of them are authorized
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to participate in conformity assessment in the field of toys safety (according to Directive
2009/48 / EC) (Table 1) These are:
- Polskie Centrum Badań i Certyfikacji S.A.,
- Instytut Włókiennictwa,
- Instytut Techniki Górniczej KOMAG [Nando, 2016].
Table 1. Number of notified bodies in Poland for selected directives.
Directive

Number of notified bodies in Poland

2009/48/WE
1999/5/WE
2004/108/WE
2006/95/WE
Source: Authors’ own elaboration based on: [Nando, 2016]

3
4
16
23

In the area of voluntary certification, in 2016 there were registered 77 certification bodies,
accredited by Polish Centre for Accreditation in range of product certification services. 36
certification bodies are accredited to certificate the product groups belonging to so called nonfood utility products (according to the International Classification of Standards ICS, it is 97.
Equipment home and commercial use. Entertainment. Sport group). In Table 2, there were
mentioned the certification bodies, which are authorized to certificate toys, a 97.200.50 group,
according to the ICS classification [Accredited certification bodies in Poland, 2016].
Table 2. Certification bodies with Toys (ICS 97.200.50) accreditation range.
Certification bodies with Toys (ICS 97.200.50) accreditation range
Instytut Techniki Górniczej KOMAG
Instytut Włókiennictwa
TUV Rheinland Polska sp. z o.o.
Polskie Centrum Badań i Certyfikacji S.A.
Source: Authors’ own elaboration based on: [Accredited certification bodies in Poland, 2016]

Within the voluntary certification processes, there are offered and granted some quality
or safety marks. These can be applied to toys, if the relevant testing and certification procedure
is conducted according to the safety and quality requirements for toys. On the market, there are
some of the safety marks which are designed solely for toys. The examples are shown in Table
3.

90

Table 3. Safety marks for toys on voluntary certification processes.
Safety mark name

Description

Graphic form

Mark is awarded to toys by the ICQ
certification body if the safety of
toy was verified according to below
scope: age grading evaluation, risk
Safe toys
assessment, physical and
mechanical tests, chemical analysis,
hygiene, radioactivity, electrical
and flammability tests, finally
production inspections.
German mark granted by the toy
industry association ArbeitsausschußKinderspiel und
Spielzeuge.V., given to toys that
meet the criteria set by this
Spiel gut
association, The sign is popular on
the German market and not only
about the safety of the toy, but also
on its educational features and
respect for the environment while it
is being manufactured.
Safe for infants and safe for children
marks are granted by Textile
institute in Poland within the
certification process. The marks
Safe for infants,
confirm, that the toy has below
safe for children
features: difficult to flammability,
Antistatic properties, usability
properties, hygienic properties,
protection from UV radiation.
Source: Authors’ own elaboration based on internet sites

One of the leading certification bodies in Poland conducted some fitness for purpose tests within
the voluntary certification processes for non-food products. The process consisted of few steps:
laboratory tests, documentation check, factory inspections and manufactured bathes inspections
with the random tests on chosen parameters. The laboratory tests were conducted in years 2010
– 2015 on 46 toys. The tests range covered three of the main product features: Product strength,
functionality and ease of use. The particular conducted tests are mentioned in Table 4. These
were designed according to the PN-EN 71 standards related mainly to the safety of toys.
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Table 4. Fitness for Purpose Tests Scope for Toys within voluntary certification process.
Feature

Test
- Torque and tension test on toy and
attachments
- Washing performance and sewing
seam test (for plush toys)
- Endurance and drop test (for plastic,
wooden or electrical toys)
- Production quality
- Function according to user manual
- Ease to operate and handle
- Cleaning
- Texture and softness of the article
- Smell and sound (if applicable)
- Presence of information

Product strength

Functionality

Ease of use

Source: Authors’ own work

Most of the tested products were plush toys and 35 % of tested items failed the tests for
the first time. Figure 5 presents the percentage ratio of negatives to the number of tested toys
by four types of toys: dolls, wooden, plastic and plush toys. The least problematic group were
dolls, and the most – plastic toys. Most of the negative ratings were given to strength (see Figure
6), mainly due to the tension test for items attached to the toy (small eye, tail, etc.). There was
also noticed a problem with toy resistance and manufacturing quality. On the testing report
basis, all of the failed products were improved and tested again in order to check whether the
modifications done by manufacturers were effective. All of the re-tested toys passed the test.

wooden

plush

plastic

dolls
0%

10%

20%

30%

40%

50%

Fig. 5. Percentage ratio of negative evaluations of tested toys.
Source: Authors’ own work
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5; 25%
15; 75%

Product strehgth

Functionality

Fig. 6. Number of negative ratings given to tested toys in 2010-2015.
Source: Authors’ own work

CONCLUSIONS
As shown above, there are many regulations regarding the safety of toys. They are quite detailed
regarding the requirements and test methods. The most important quality criterion to be met
before the product is launched on the European Union market is without a doubt safety. As the
statistics show, toys trigger the most RAPEX notifications in Poland every year. These nonconforming toys pose serious risk in particular connected with choking hazard. This must be
related to small parts attached to the toy which might be swallowed by a child. Such problem
was also identified by Commercial Inspection. The other problems concerned labelling and
product construction issues. In Poland, there are only few certification bodies entitled to
preform either obligatory conformity assessment or voluntary certification processes on toys.
However, there are no records in RAPEX of polish toys or European Union manufacturers.
Most of the defective toys are imported from outside of the European Union. The requirements
are better known and understandable by European manufacturers and they comply with the
regulations regarding the safety of toys to higher extent than for example Asian producers.
European market of certification emphasizes the importance of toys safety offering the quality
marks within the certification processes. One of the certification examples showed that even
the fitness for purpose tests are based on safety requirements for toys and verified the safety
parameters of the products. The above-mentioned tests captured the incompatibilities concerned
with safety, particular with the strength of the toy and its attachments.
Safety is responsible for overall assessment of a toy quality. It would seem, that this basic
requirement is a must and there should not be any problems with fulfilling it. There should be
a stronger emphasis on the additional features of toys, i.e. its functionality, aesthetics or
educational values for a child. This can be addressed to only after the safety assurance problem
is solved.
The answer to the question, why does the safety issue still exist, may be that the
manufacturers coming from outside of Europe do not understand the requirements of European
Union market, and do not have financial or technical possibilities to verify their products.
There have been recently introduced a new regulation regarding the market surveillance
system in Poland, which aim is to seal the market and to prevent consumers from dangerous
products. The regulation concerns few product groups, among others toys.
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After some period of time the statistics of RAPEX system should be checked in order to verify
whether the situation has improved or not. Some reviews of Commercial Inspection would be
useful too, in order to verify, whether there are some positive effects of implementing the new
law. Conducting voluntary certification processes, which additionally verifies discrepancies in
products and supports product improvement, also seems to be a good solution.
Correct and understandable information for foreign manufacturers or even help in
performing the honest conformity assessment of the product before launching it on the
European market seems to be a necessity. There have already been created some guides for
manufacturers and consumers regarding safety of toys in Poland. The information materials
covered the issues regarding product labelling, key features of the products and some other
issues that consumer attention should be paid while making the purchase decisions. The
problem with safety is being made loud if necessary. Not only the manufacturers are informed
about product requirements and some quality problems, but also consumers are better educated.
However, there is still a lot to be done in this matter.
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STRESZCZENIE
Celem publikacji jest przedstawienie problematyki bezpieczeństwa wyrobu, które dla wielu
produktów rynkowych jest głównym aspektem ich jakości. Jako przykład, zaprezentowane zostały
zabawki, które są na jednej z pierwszych pozycji wśród grup produktów figurujących w Europejskim
systemie wczesnego ostrzegania o niebezpiecznych produktach nieżywnościowych (RAPEX). W
artykule zaprezentowane zostały dowody na to, że bezpieczeństwo jest wciąż słabym punktem zabawek
dostępnych na polskim rynku. Chociaż funkcjonuje w Polsce system nadzoru rynku a wymagania
jakościowe zostały ustanowione w dyrektywach europejskich, to bezpieczeństwo zabawek nadal jest
problemem.
W Polsce podjęto kroki w kierunku uszczelnienia rynku. W 2016 roku ustanowiono nową ustawę
w celu wzmocnienia nadzoru rynku. Ustawa ta dotyczy pewnych grup produktowych, w tym zabawek.
Na rynku spotyka się znaki jakości, które potwierdzają bezpieczeństwo zabawek. Również niezależne
jednostki certyfikujące oferują usługi dobrowolnej certyfikacji dla zabawek. Może to stanowić
dodatkowy sposób na weryfikację nie tylko cech użytkowych takich jak wytrzymałość, funkcjonalność
czy łatwość obsługi, ale przy okazji poszerzonych badań wyrobu można przyczynić się również do
poprawy jego bezpieczeństwa.
Słowa kluczowe: bezpieczeństwo produktu, jakość zabawek, Dyrektywa zabawkowa, dobrowolna
certyfikacja wyrobu
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Abstract: The world economy is based on safe and efficient shipping, which for many years focused on
environmentally friendly solutions and implementation of the concept of sustainable development.
Transport by sea is the cheapest way to transport goods, therefore it accounts for up to 80% of the
shipping in the global economy. Applied legislation and technological changes minimize, but do not
completely eliminate the risk of accidents and uncontrolled release of transported goods into the
environment. Especially dangerous groups of goods are classified as hazardous in transport
Safety in the transport of dangerous good by sea is influenced by parameters related to cargo
properties and amount of transported goods; external factors such as marine environment and handling.
The main factors affecting the international maritime transport are: safety of navigation and safety of
cargo. Assessment of the actual level of risk in maritime transport is a very difficult task. In practice, it
is not possible to determine the universal level of risk for all kinds of goods. It is necessary to identify
and analyse risks for dangerous goods, and on this basis, to indicate a proper way of securing and
monitoring them. The main aim of this paper is to identify risks in maritime transport of dangerous
goods.
Keywords: dangerous goods, safety transportation, marine environment, risk assessment

INTRODUCTION
Economic development of the world, the need to satisfy increasing demands of markets and
consumers and the associated increased demand for raw materials, products and services
directly affect the increase in demand for sea transport.
The world economy is based on safe and efficient shipping, which for many years focused
on environmentally friendly solutions and implementation of the concept of sustainable
development.
Globalization means that every citizen of the world can become a producer and a
consumer of various goods. To make this possible, it is necessary to provide raw materials to
manufacturers and manufactured products to customers. Nowadays, it is difficult to imagine
development of a country and increase in the well-being of its people without trade, realized
with the help of modern means of transport.
At relatively small distances, railway, cars, pipelines and conveyors can be used for this
purpose. For long distances and for intercontinental transport, the most important means of
transport are ships that can transport large quantities of goods. The most important argument in
favour of this kind of transport is its relatively low cost which has a direct impact on the final
price of goods, intermediate demand and competitiveness.
Transport by sea is the cheapest way to transport goods, therefore it accounts for up to 80% of
the shipping in the global economy.
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The development of maritime transport, seaports, infrastructure and port superstructure
contributed to a significant decline in transport costs, shortened journey times and increased
availability.
Currently, the attention of many countries of the world, shippers and carriers is focused
on protection of environment during shipping. Through the global legal legislation introduced
by the International Maritime Organization (IMO), maritime transport has a limited impact on
the environment.
Due to a lower level of emissions of CO2, other greenhouse gases and particulate
pollutants, maritime transport has far less negative impact on the environment than transport by
land or air. Ships are equipped with modern navigation systems, reducing the risk of causing a
collision at a sea. Crew trainings and security systems are used to improve the protection against
terrorists. Applied legislation and technological improvements minimize, but do not eliminate
completely, the risk of accidents and uncontrolled release of goods into the environment during
sea transportation. Especially dangerous groups of goods are classified as hazardous in
transport.
The main factors affecting the international maritime transport are: safety of navigation
and safety of cargo. The main aim of this paper is to identify risks in maritime transport.
MARITIME TRANSPORT AS A SECTOR OF THE MARINE INDUSTRY
Characteristics of maritime transport
The economy of most countries, which have access to sea and ocean, is closely related to the
trade made by sea. Organized sea transport dates back to the oldest eras in the history of human
civilization. The economic development of ancient Greece, Egypt or Japan was closely
connected with the economic activity of these countries at the sea.
The era of discoveries (15th and 16th century) created new challenges in the field of the
transport of people, commodities and manufactured goods. It enforced the need to ensure a
military advantage and a protection of newly discovered and conquered lands. A special role in
the development of the sea transportation was played by the Spaniards, the Portuguese, the
English and the Dutch. The desire to reign in the colonies and generate profits contributed to
the development of fleet, sea ports and trade and an increase in the wealth of the inhabitants of
these countries. The development of navigation, as well as technological advances affected the
organization and execution of sea transport.
Initially, navigation was an irregular process that was also affected by weather conditions.
Introduction of the ship propulsion, the steam engine and later the internal combustion engine
significantly changed navigation and made it more independent of the weather conditions.
There exist regular connections between ports, and cruises are carried out according to a
fixed schedule. The construction of large container ships which operate on regular lines allowed
a significant reduction of costs and more economical activity of the transport companies.
Today maritime transport is the most efficient and cost-effective method of international
transport for most goods, and it provides a reliable and inexpensive means of transporting
goods. Global food security depends on secure supplies that are guaranteed by international
shipping. It is also the largest carrier of energy resources and raw materials for the
manufacturing industry.
98

The main shipping routes are:
- on the Atlantic: from western Europe to the east coast of the United States;
- on the Pacific: from Europe to East and South-East Asia.
Several factors, both economic and social, have decided about the locations of these trails.
The most important are the type and location of resources, raw materials (such as oil, coal, gas,
metal ores), as well as the access to cheap labor.
The countries of Europe and North America were and still are important players in the global
market, with a high economic potential and huge markets.
Maritime transport creates a global connection given that there exists a possibility of
efficient loading and unloading of goods directly in the ports or marinas and when there are
other ways of movement of cargo between the ship and the land (barges, pipelines, offshore
terminals).
Further advantages of sea transport are: the ability to carry a large amount of raw materials
or commodities, ability to carry bulky loads, and a low cost in comparison with other means of
transport [Grzelakowski and Matczak 2012].
The primary means of transport of goods is cargo ships. Thanks to the sea and ocean
routes, vessels have unlimited range. Efficient shipping is reaching the ports by the shortest
route in order to deliver loads in the shortest possible time.
Maritime transport services all kinds of cargoes: raw materials such as oil, coal, gas; consumer
goods, food, electronics, cars, etc. (Figure 1).

BREAK BULK
CARGO/unitised cargo

PACKED
GENERAL CARGO

bags, barells, drums,
pallets, boxes, creates
NEO BULK CARGO
lumber, paper, steel, cars,
tracks

CARGOES TRANSPORTED
BY SEA

CONTAINERIZED CARGO

BULK CARGO

LIQUID BULK
petroleu, gasolin, LNG,
chemicals, juice
DRY BULK
coal, grain, mineral
concentrates, phosphate,
iron ore

Fig. 1. Essential group of goods transported by sea
Source: Authors’ own work

This requires appropriate way of shipping from carrier [Kuczert 1970]. There are various
types of vessels designed to carry certain goods. Currently the world commercial fleet has more
than 87 000 ships. Among them are:
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- dry-cargo ships: general cargo ships (more than 17 thousand), bulk carriers (over 6
thousand);
- bulk carriers for liquid cargoes: oil tankers (approx. 7.3 thousand), chemical tankers
(approx. 2.6 thousand), gasships (approx. 1.2 thousand);
- passenger vessels-passenger and passenger-freight (around 3 thousand);
- passenger vessels (ca. 3 thousand) [Kujawa 2001].
Most of the fleet is concentrated in over a dozen global companies. Table 1 shows the size of
the selected companies characterized by the number of ships.
Table 1. The size of the fleet of the largest shipping companies.
LP.
1.
2.
3.

The name of the company
Nippon Yusen Kabushiki Kaisha
A.p. Moeller-Maersk
China Ocean Shipping Container Line

4.

Mediterranean Shipping Company S.A.

5.

Orient Overseas Container Line

Country
Japan
Denmark
China
Switzerland
(the main port of Antwerp)
China (Hong Kong)

The number of vessels
776
600
550
470
270

Source: [ISL,2014]

Only 10 companies operated 61.5% of the tonnage of the world fleet. One example of a
merger of shipping companies was the absorption of the shares of Royal P & Nedlloyd company
by the maritime mogul AP Moeller-Maersk of Denmark.
Without any doubt, the economic development of a country promotes a development of
maritime transport and vice versa. Integration of the economies of different countries in the
process of globalization promotes trade, introduces competition rules, enables technological
progress, etc.
The ports as part of maritime transport system
Sea ports around the world, including Polish ports, are the main nodes of transport networks.
Therefore, a very important factor in the competitiveness of maritime transport was the
development of ports and marinas (supra-and infrastructure) and the development of entities
that support ports and companies cooperating with ports.
Sea ports are among the most complex organizations in the transport sector and constitute
the maritime transport subsystem. Today, they are not treated as separate maritime transport
infrastructure items, but as nodes in the transport chains. They create opportunities for the
development of other branches of the economy.
Sea ports as multimodal transport nodes are also the initial and destination points for rail,
automobile and river transport, which is involved in the carriage of goods of world foreign trade
too.
Seaports lead complex business because, in addition to the transport function, they also
perform other economic and non-economic functions and service passenger traffic. The impact
of ports on the local and regional business environment should also be stressed.
Seaports strengthen the position of the shipbuilding industry and companies cooperating
with it in terms of the preparation of the vessels. They enable development of educational
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system in teaching staff fishing and sea mining (off shore) and how to handle specialized
equipment. It has also developed the activities in the area of environmental protection and
tourism. All these areas are supported by scientific research. [Łopucki 1998].
Seaports give huge employment opportunities for transshipments and for companies
cooperating with them. In addition, they generate jobs in the maritime sector, but also in other
fields based on maritime trade. Their activity shapes the dynamics of development of the
regions located far away from the shoreline.
In the international trade, ports and terminals are the most important parts of the logistics
chain. The stable position of ports and maritime transport is directly related to the visible
increase in the volume of world trade.
Changes in the world and, above all, the European system of trade and transport are
consequences of the fact that ports have been transformed into ports of the third generation.
The examples of ports that have been transformed are Hamburg, Rotterdam, Amsterdam, and
Le Havre. Seaports of the third generation spend capital on technology and knowledge, and the
basis of their strategy is contributing to creation of logistics supply chains and control of the
flow of goods and information.
MARITIME TRANSPORT IN THE GLOBAL ECONOMY
Global maritime transport affects the integration of international economies, the improvement
of global supply chains and assists in operation of liberalized commodity markets. The situation
in the global economy determines the functioning and degree of the development of maritime
transport.
Due to globalization, flows of raw materials and goods are carried out on an international
scale. The process of globalization can be characterized by the following features:
- multidimensionality,
- high complexity and multithreading,
- interdependence,
- intermingling technical progress, organization,
- compression of time and space [Zaorska 1998].
The needs of consumers directly shape the demand for transport services in the world
economy. Containers are the most commonly used in the transportation of most consumer goods
by sea. Ease of packing, repacking and conditioning, forces carriers to introduce larger
container vessels to the maritime transport.
Since the beginning of the 21st century, growth in the gross global product, the share of
transport in world trade, transport of raw materials and goods by sea has been observed.
The growth of these factors has led to an increase in international trade.
In 2000, the volume of world trade has reached the level of 7.9 billion USD, including 6.5
billion USD spent on the exchange of goods. In 2008, the nominal value increased to 19.5
billion US dollars. The economic crisis in 2009/2010 caused the decline in trade to the level of
15.2 billion USD.
It is worth noting the fact that the growth of world trade in the years of 2008/2010was at
level of 144% [UNCTAD 2011]. In 2010, world shipping reached more than 10.5 billion tons.
Up to 33% of the shipping services is shipping of oil and derivatives.
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After analysis of the report of the United Nations Conference on Trade and Development
(UNCTAD), it should be noted that the global crisis, which occurred in the second half of 2008,
caused the biggest decline in the world production since the thirties, which was expressed by
the decline in world gross domestic product by about 1.9% [UNCTAD 2015]. Economic
slowdown has occurred globally, but to various degree in different areas of the world.
The crisis, which has caused a drop in the world gross product also contributed to the
reduction of the amount of goods carried by sea.
In the last decade, global trade has increased more than GDP and world production, reflecting
the impact of globalization and the process of economic integration on the international trade.
Industrial production, which determines the demand for sea transport, started to grow after
2009. Its indicator was the increasing demand for industrial raw materials and energy resources,
so the main group of cargoes transported by sea.
In 2014, the recovery of the world economy ran slowly, which was caused by unequal
economic growth in developed countries, the slowdown in developing countries and in
countries in the period of transition. In 2014, the world gross product increased by 2.5%, while
in 2013 by 2.4%.
According to current estimates, the global growth in marine transport in 2013 and 2014
was on the same level, approximately by 3.4%.
The correlation between industrial production, international trade and maritime transport is
shown in Figure 2.
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Fig. 2. The industrial production, world GDP, merchandise trade and maritime transport (1990=100%)
Source: [UNCTAD 2016]

An important indicator of the condition of the economy is the structure of the cargo
transportation. Figure 3 shows the share of individual groups of goods in maritime trade in
2015.
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Fig. 3 The freight structure of certain groups of goods in maritime trade in 2015
Source: [UNCTAD 2016]

Over the years 2000÷2010, liquid cargo transportation fell from 2.8 billion to 2.1 billion
tons. At the same time, transportation of dry bulk cargoes increased (iron ore, grain, phosphorite
and apatites) from 1.3 billion tons in 2000 to 2.3 billion tons in 2010 and other dry cargo from
2.5 billion to 3.3 billion Mg [UNCTAD 2014]. The crisis that began in 2008 has affected all
areas of the global maritime trade. The estimated loss in maritime transport in 2009 amounted
to around 4.5%.
In 2010, an increase in transport (especially for the countries with developed economies)
and an increase in raw material prices were reported. It was caused by the involvement of
vessels with a greater capacity in the transport of oil and other natural resources.
From 2011, positive trends in the economy resulted in the increase in freight in all groups of
goods. This trend has been maintained in the following years.
In 2014, the largest percentage of freight services was transportation of oil raw materials,
general cargo and cargo containers were on almost same level. A similar share in the transport
had iron ore and coal, and gas, chemicals and grain had the smallest share in transport. The data
shows an increase in the transport of raw materials, a slight decrease in the amount of dry bulk
cargo, and a significant drop in other dry cargo.
SAFETY AND RISK IN MARITIME TRANSPORT
The probability of an event, the effects of which may be harmful to transport transshipment, is
called the transport risk. The risk in maritime transport has existed since the times when people
began to trade and transport goods by sea. Areas of risk changed over the centuries. The concept
of risk in maritime transport started to re-appear after World War II. It was directly associated
with an increase in sea traffic, including transportation of dangerous goods, particularly oil and
natural gas.
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The original risk was associated with the quality of goods and means of transport, the weather
condition which could not be foreseen, the preparation of ships' crews, and acts of piracy
occurring on the main trade routes.
Nowadays, it also applies to operational reliability of the equipment supervising the
quality of goods and raw materials in the whole process of transportation. It is required that the
security should be ensured by adequately trained crews of specialized vessels transporting
selected commodity groups (chemicals, raw materials of petroleum and other hazardous
materials) and containers.
A prediction of all relevant risks associated with the transport should be based on detailed
studies of all possible factors which have an impact on maritime transport.
According to Professor Zurek, risk assessment can be made using one of the following three
methods:
- mathematical method: spreadsheets, creating models, analysis of data from individual
years (labor-intensive and expensive);
- estimated method: a subjective assessment of the situation, which is based on the
investigator’s own judgment (the investigator must have an extensive and well-established
knowledge);
- mixed method estimated – mathematics: assigning ranks to individual risks, occurring in
the area [Żurek 2002].
The overall objective of risk analysis in transport is the development of a rational basis
for decision-making concerning the avoidance of loss, which may occur at any level of transport
management and anywhere in a specific transport system.
The risk in maritime transport is comparable to the risk in other modes of transport, however,
consideration should be given to a specific environment in which this type of transport is being
carried out. Figure 4 shows the interaction of the factors affecting the safety of maritime
transport.
Technologica
l solutions

Transport
safety
Organizationa
l solutions

The human
factor

Fig. 4. Breakdown of the factors for the safety of sea transport
Source: Authors’ own work
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Maritime transport safety depends on factors associated with technology and organization
of transport and preparation of crews for the tasks resulting from the specific working
conditions.
New designs of specialized vessels facilitate the handling of dangerous goods, protect
quality of cargoes and safety during the whole transportation process.
Organization of transport and handling of hazardous materials is assisted by efficient safety
management systems both in the sphere of technologies and safe operation of equipment by
operators.
This is due to the growing requirements of competence for the people who operate ships
and transshipment facilities, confirmed by certified training centers operating in accordance
with the IMO, SOLAS and other global transport organizations.
The analysis of the risks associated with maritime safety consists of several stages:hazard
identification, assessment of the level of risks, as well as methods and techniques used for it,
but also measures criteria for classification of the size of the risk.
Figure 5 shows the risks occurring in maritime transport and their interdependence. For
the purposes of this study, three types of risks factors connected with handling, external factors
and parameters determining the cargoes were defined.

-

Factors determining by
the cargo
- properties
- quantities
- form of packaging

External factors
weatherproof
the marine environment
terrorism
destructiveactions
sabotage

RISKS

Manipulative factors

-

means of transport
measures the movement
storage
handling

Fig. 5. The type of a threat and influence on safety maritime transport
Source: Authors’ own work

Minimizing the risk in maritime transport and protecting the environment is a challenge
that is imposed on carriers in the era of sustainable development. Protection of means of
transport and goods against the dangers resulting from the condition of means of transport,
nature of the goods and packaging, the dangers of terrorist attacks, weather condition, human
errors and the marine environment should be reflected in modern transport technologies. It is
necessary to correlate all the parameters responsible for the safety of transport.
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Handling processes, selection of the appropriate means of transport, movement, packaging and
repackaging influence the quality and the safety of the transported cargo. If some procedures
are ignored, it may cause danger to the marine environment, means of transport, and employees
involved in the process.
All these activities and implementation of the recommendations of national and
international provisions aim to reduce threats, constrain or eliminate economic loss, protect the
environment and increase customer satisfaction.
Despite many risks arising from the carriage of goods by sea, analysis of the data
published by the IMO indicates that in relation to the amount of transported cargo weight,
accidents do not occur too often. The existing services, established procedures, professional
and high level training of crews and the achievements of science effectively contribute to it.
CONCLUSIONS
The world economy is based on safe, efficient navigation and for many years has been focused
on environmentally friendly solutions and the implementation of the concept of sustainable
development.
Maritime transport is an important element in the process of globalization, and its
efficiency is dependent on many interrelated factors.
Safety in the transport of goods by sea, is influenced by factors related to cargo (transport
properties, the amount of transported goods, the type of raw material, packaging), external
factors (atmospheric, marine environment, terrorism, sabotage), and handling (means of
transport, means of moving, packing, repacking).
Assessment of the actual level of risk in maritime transport is a very difficult task. In
practice, it is not possible to determine the universal level of risk for all kinds of goods. It is
therefore necessary to identify and analyse risks for individual cases, and on this basis, indicate
a proper way of securing and monitoring it. Such action should lead to the reduction of the
likelihood of the occurrence of the risks to the lowest possible level.
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STRESZCZENIE
Transport drogą morską to najtańszy sposób przewożenia towarów i dlatego aż 80% przewozów
w gospodarce światowej jest realizowanych właśnie drogą morską. Przewozy towarów droga morską.,
dzięki globalnym przepisom prawnym wprowadzanym przez IMO, mają ograniczony wpływ na stan
środowiska. Stosowane przepisy prawne oraz zmiany technologiczne minimalizują (ograniczają), ale
nie eliminują ryzyka wypadku i niekontrolowanego uwolnienia przewożonych towarów do środowiska.
Szczególnie niebezpieczną grupę stanowią towary klasyfikowane w transporcie jako niebezpieczne. Do
najważniejszych czynników wpływających na międzynarodowy transport morski należą:
bezpieczeństwo żeglugi, a także bezpieczeństwo ładunku. Głównym celem pracy jest identyfikacja
zagrożeń występujących w transporcie morskim.
Słowa kluczowe: towary niebezpieczne, bezpieczeństwo transportu morskiego, środowisko morskie
ocena ryzyka
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Abstract: The quality and safety of food is enhanced by quality management systems. The application
of quality management systems brings many advantages primarily to manufacturers but secondary also
to the consumers. The introduction of quality management system in a food business does not
necessarily mean that the quality system has resolved all issues of food safety in qualified manner.
Authors in the paper aims to analyze and identify the knowledge and attitudes of consumers on
the issue of food safety in the Slovak Republic. The results of own survey show that the interest of
Slovak consumers on food safety issues is relatively high. The most popular sources of information are
various websites of the institutions, interviews and periodicals excluding food surveillance. Professional
and official sources of information are of relatively low use.
Information on hazards or harmful foods cause great concern in general, but permanent effects on
the change of consumer behavior occur rarely. Food scandals arising in relation to the processing of
low-quality substances, food contamination, failure to comply with the declared composition, and other
practices undermine consumer confidence and arouse controversy about the effective operation of the
food safety system.
Keywords: food safety, official control, food safety management systems, food quality

INTRODUCTION
Increasing integration of national economies within a unified European market and
developments in agriculture and food processing require a new approach for the implementation
of food safety policy. Each link in the food chain must be secured so as not to endanger the
health of consumers. This approach should be applied regardless of whether the food is
produced within the EU or imported from third countries. Effective food safety policy requires
assessment and monitoring of risks to consumer health associated with materials and activities
related to the processing of food. Therefore, an integrated approach to protecting food safety,
which aims to ensure the free movement of safe and quality food, high level of health and
consumer protection as well as unifying the requirements for the production and trading of food
is required [Krnáčová 2016].
Quality and safety of food are crucial factors for stable economic growth food businesses,
affecting even the macroeconomic indicators, major sources of savings on materials and energy,
as well as limiting factors of sustainable development [Jarossová 2014]. They are an important
protection against loss of markets and are very closely related to consumer protection.
System approach to food quality and safety requires the necessary understanding of the
interrelationship of processes in the system and its continuous improvement through
measurement and evaluation. Such approach also manifests positive effects on economic
growth of food businesses and their competitiveness.
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One of the basic tasks of the Slovak economy at present is to increase the competitiveness
of food products, which is closely linked with improving their quality and safety. The
production of quality and safe food has become not only a priority requirement for participants
in the food chain, but also a right of consumers. Current market is characterized by strong
competition, in which the production of safe food of required quality is a prerequisite for
succeeding on both the domestic and foreign markets. Therefore, in order o improve the quality
and safety of food products, it is essential to create the necessary organizational and personnel
conditions and to be able to use the methods and tools to improve them.
The safety and quality of food products is, in today's global world, one of the most
important issues related to consumer protection [Ellefson and Zach 2013]. Due to fierce
competition, manufacturers seek to differentiate their production while minimizing costs and
maximizing profits using new technologies and other innovations. The current global economic
situation, characterized by not only high number of competitors, but also the influence of
multinational chains, creates a difficult environment for food producers. They, in order to stay
on the market, often resort to the deliberate reduction of production quality or other unfair
practices, which in some cases can lead to creation of hazards and direct threats to food safety
and the lowering of quality and as a result may endanger the health of consumers. For that
reason, it was necessary to introduce a system for early detection of defective products in the
pursuit of consumer safety.
Consumer protection and improving the quality of life is a strategic priority for the
European Union which is elaborated in the framework of individual policies at Community and
national level in all Member States. Legislation is regularly revised in the interest of the
application of the latest scientific knowledge related to the food industry. Through an integrated
approach "from farm to fork", it provides the basic principles in regards to food and defines the
responsibilities along the food chain [Van Schothorst 2004]. There are law systems in place,
which serve to protect consumers against the hazards of unsafe food, mainly the pan-European
Rapid Alert System for Food and Feed (RASFF) and the Hazard Analysis and Critical Control
Points system (HACCP). Furthermore, quality management systems also contribute to the
quality and safety of food, application of which brings many benefits not only for producers
but, also for consumers. Despite extensive legislation, strong institutional background and
existence of multiple security systems, we are still faced with the presence of poor quality, or
worse, hazardous or dangerous foods that pose a threat to consumers. Media promoted food
scandals related to the processing of low-quality raw materials, food contamination, failure to
comply with the declared composition and other practices adversely affect consumer
confidence and cause distrust in the efficient functioning of the system.
The aim of this paper is to analyze the food safety system, to assess the possibility of integration
with other management systems and identify knowledge and attitudes of Slovak consumers in
relation to the issue of safety of food products.
MATERIALS AND METHODS
For obtaining theoretical documents on this subject, among other complementary scientific
methods, the method of analysis was applied in particular, with which individual theoretical
knowledge gained from domestic and foreign sources was analyzed (broken and then examined
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in more detail). For electronic resources, information provided on the websites of the European
Commission, ministries and other government bodies was utilized. The analysis method was
also used for processing of data collected from consumer survey realized through a
questionnaire, which focused on finding the level of interest of consumers about food safety
and quality, their level of knowledge and awareness in this field, the degree of influence on
their purchasing behavior by the individual indicators, and interest in the Slovak food products.
The survey was conducted as standardized survey via an electronic questionnaire in
January and February 2017. The questionnaire consisted of 6 demographic questions and a total
of 16 questions focusing on the issues, of which 11 were closed multi-choice single answer,
and 4 closed questions with multiple choice answers. Five questions had the option "other",
with the option to write in own answer.
For processing of the data, mathematical-statistical methods were used for the
determination of absolute and relative frequencies and the determination of average values.
Microsoft Excel was used for data processing and charting.
RESULTS AND DISCUSSION
Food safety management systems
According to current food legislation of the European Union, it is necessary for businesses
operating in any stage of the food chain to approach food safety and quality the as management.
This means the management of processes, each process, whether it is a food production, primary
production, processing or distribution of food, has certain inputs and operations in which these
inputs are converted into outputs [Kollar 2013]. However, the process is still affected by many
other factors. It is necessary to effectively manage and control the process to prevent risks to
food safety, therefore we speak of management systems focused on food safety.
Globalization and free movement of goods have in recent years increased public demands
to ensure food safety in the production, processing, distribution and sales. There is pressure on
producers, processors and distributors of food, to be able to demonstrate their ability to meet
the requirements of safety and hygiene throughout the food chain [Kustrová 2013]. To ensure
and demonstrate the safety of their products and therefore to avoid the failure which would be
their responsibility, many businesses operating in the food chain started to implement
management systems focused on food safety. First it was only a sort of extended quality
management system where extra attention was paid to the analysis, control and management of
risks to food security. However, tightening of requirements led to establishing of specialized
systems that are focused on a particular area of food - its safety. HACCP (Hazard Analysis and
Critical Control Points) became the most widely used system, a tightly applied system for
ensuring product safety [Kerekréty 2006], which is compatible with other systems, such as
quality management system in accordance to ISO 9001 standard.
Systems of food safety, good manufacturing practices (GMP), good hygiene practices (GHP)
and mainly the HACCP system were established by law and controlled by food inspection,
however, they form a separate compulsory portion, which was not included in the quality
management systems introduced and certified by many companies.
Only later did the HACCP system certification begin. The requirements for such a system
have not been internationally standardized. The most used for certification became Danish and
Dutch standards. However, HACCP certification was exception rather than rule in many
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countries. Retail chains gradually introduced their own standards, stricter and more specific,
the adherence of which they demanded from their suppliers (eg. BRC, IFS). In the UK, for
example, independent certifications in accordance to standards approved by retail chains were
much more widespread than HACCP certification system. Another group consists of standards
that are specialized for certain commodities or activities (for example GMP +).
It led to situations where manufacturers and distributors often remained in the maze of standards
and with their increase in number, it increased the demand for certification. To withstand the
competition, they were forced to comply with them and demonstrate their application. In
practice this meant that some organizations have been forced to have established and certified
multiple food security systems [Kristová and Košútová 2012].
The above mentioned resulted in the need to introduce a more comprehensive approach to food
safety management system, as the most important component of food.
ISO 9001 was insufficient for the food industry. Safety is a specific aspect of the food,
and the standard is more focused on the system issues of quality management and failed to
adequately address the safety [Veterníková and Mišura 2010]. It has become a requirement to
have a system focused specifically on the food sector, which ensures product safety with
prevention system based on generally accepted principles of HACCP, while combining this
principle with commonly used practices in standards that apply to the quality management
system (ISO 9001) and is applicable to all organizations at any stage of the food chain.
On the initiative of the Danish standardization association (Danish Standards / Dansk Standard)
an international standard was created, which harmonized the requirements of national,
corporate and product-specific systems to ensure food safety: ISO 22000 Food safety
management systems – Requirements for any organization in the food chain.
The aim in developing this new standard was to create a standard, implementing and
certifying of which could lead to replacing the other management system certifications in food
safety, which would simplify the existing unclear situation in the field of certification
[Kosiorowska and Lesiów 2010]. It created an alternative to the existing standards that were
applied to various specific food safety fields.
Consumer survey focused on food safety and quality
The aim of the survey was to determine the interest of Slovak consumers on the issue of food
safety and quality and find their level of education and awareness. Furthermore, the effect of
various parameters such as price, quality, composition and other factors on the buying decision,
consumers' relationship to Slovak food products and changes in consumer behavior in response
to the current food scandals were examined.
The survey was through standardized interviewing via an electronic questionnaire in the
period from 23rd January to 10th February 2017. 250 respondents participated, of which 158
were women and 92 men. Largest age group was "25 or less" (43%), followed by age groups
"26-35 years" (25%), "36-50 years" (17%), "51-65 years" (10%). The smallest group was
composed of respondents aged "66 years or more" (5%). Most respondents had university level
education (52%) and came from Bratislava region (71%).
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As shown by the survey results of Slovak consumers, interest in the issue of food safety
and quality is relatively high (Figure 1). It can be assumed that this is also due to the food
scandals which have a negative effect on consumer confidence.

7%
No, I don't care

30%

Yes, I care a lot about yhe
safety of food that I
consume
Yes, but only superficially

63%

Fig. 1. Interest in food safety and quality issues
Source: Authors’ own work

In terms of getting information on this subject, respondents were offered the option of
answers and were allowed to choose up to five different sources. On average, each respondent
marked about three sources, the most common source for obtaining information and knowledge
on the topic can be considered websites not related to food supervision institutions (79.3%).
Since most respondents were in the age category of 25 years or less, this result is not surprising.
However, there is also a large number of respondents from older age categories who also receive
information from internet websites. This is evidenced by the fact that all respondents under the
age of 65 years marked internet as one of the options. On the contrary, in the highest age group
(66 years or older) this option was not marked even once. The second most frequently reported
source of information are acquaintances and friends (40.2%). Another important source is TV
shows, particularly news and television documentaries (36.8%), as well as newspapers and
other printed periodicals (31.0%). Only less than 14% of respondents indicated as a source of
information on food safety their school or employment. Frequency and order of responses are
shown on Figure 2.
Various food scandals related to the incidence of unsafe food on the market appear
regularly throughout the world. Consumers, as a result, tend to be more sensitive in regards to
products in some way connected with such an affair. We therefore examined the extent to which
this affects Slovak consumers when buying food. 62% of respondents notes publicized food
scandals affecting them when buying food. On the contrary, 28% of respondents exclaimed
they are not affected by such scandals, even though they notice their appearance. Only 10% of
those surveyed does not notice or care about scandals associated with food (Figure 3). In
practice, we have also noted the negative side of excessive media coverage of food scandals
and consequent changes in consumer behavior
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Fig. 2. Sources for obtaining information and knowledge related to the issue
Source: Authors’ own work

10%

Yes, they influence what I buy
Yes, but they do not influence
what I buy

28%

No

62%

Fig. 3. Response of consumers in regards to food scandals
Source: Authors’ own work

For example, the crisis with the Escherichia coli bacteria in meat resulted in a decline in
sales and consequently production of certain food products. Later it was found that foods that
have been identified as the disease agent actually were not the source. These have caused
economic damage because they were not scientifically proven. They were unproven hypothesis
expressed by experts which were then exaggerated media for their own profit.
The survey shows that the safety of purchased and consumed food is one of the important
indicators in their selection. Determining what is safe and what is not, however, requires
knowledge, therefore any interest in safe food must be supported by at least a basic overview
of proper diet. To a large extent, however, Slovak consumer is still affected by price products.
The current economic development, food price increases and relatively low purchasing power
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of the population often prevents the purchase of high quality and safe food and consumers often
reach out for cheaper alternatives out of necessity. Increased consumer interest in food
composition is a positive phenomenon However, due to unfair practices of producers it may be
foiled and consumer is not provided accurate information.
Legislation and production processes, not only in regards to food production, may also
vary depending on the country where the product originates and its possibilities. One of the
factors by which consumers choose to purchase food should therefore be the country of origin.
Conducted research has shown that only 9% of respondents do not care about the country
of origin. The remaining respondents were interested in the country of origin, though 55% stated
they care, but only for some types of products. These include products such as meat, meat
products, milk, milk products or other foods prone to microbial contamination in particular.

9%

36%

Yes, I check the country
of origin on everything
I only check country of
origin on some things
I don't care about the
countrz of origin

55%

Fig. 4. Importance of country of origin
Source: Authors’ own work

It also can be food products associated with a particular food affair and countries such as
milk from China, alcoholic beverages from Czech Republic and so on. Whether the consumer
always takes note of the country of origin can also be affected by the conditions of purchase.
However, 36% checks country of origin for each food (Figure 4). This relatively high figure
confirms that the country of origin is very important for many people and is one of the key
factors in the selection of the goods. Based on the survey we conclude that the Slovak consumer
interest in the issue of food quality and safety is fairly considerable, and people want to learn
more. Some share of influence on it, it can be assumed that relatively large one, also have
current food scandals that shook consumer confidence. They then pay attention to what they
really are buying, often read the composition of products, discuss amongst themselves and are
looking for more information in the press and on the internet. Quality and safety of food
purchased and consumed is thus the most influential indicator in their selection.
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CONCLUSIONS
Food safety in a globalizing world and with constant growth of living standards becomes
increasingly important. With evolving technology comes also an increase in the ability to
maintain a better state of food safety than in the past. Knowledge of microbiology, detailed
research of viruses, bacteria and other microorganisms and the resulting new technological
processes in food production are instruments to continuously improving the safety of food
products. The constantly developing legislation at national and supranational levels, including
the European Union, also helps in improving the situation.
From the results, it can be concluded that the level of food quality and safety, together
with interest and education of consumers, gradually increases. Functioning of official food
controls in the Slovak Republic is effective and the number of shortcomings and hazardous and
unsafe food is being reduced. Contrary to this finding may seem the large number of current
food scandals. We believe that such problems and failures also occurred in the past, but
nowadays the affairs have seen increase in media coverage and the whole issue is given more
attention. And, partly due to this, consumer interests are currently dominated mainly by safety
and quality, the price is of secondary importance and in the interest of their own health,
consumers focus more on product composition and country of origin. Trust and support of
Slovak producers are quite significant and the impact of food scandals related to foreign food
producers further improves the position of domestic producers.
Meeting the requirements for maintaining food safety requires mutually complementary
efforts of all chain links involved in food production. Any suspicion regarding food safety is a
test of stability in the food chain, including trade organizations, in which most responsibility is
held by manufacturers and distributors [Krnáčová and Drábik 2015]. In case of failure, they
carry full economic, legal, moral and ethical responsibility. For this reason, sophisticated and
internally solid food safety management systems are necessary for businesses, which can be
created by meeting the requirements under the standard ISO 22000. Most effective food safety
system can be created and managed in an integrated management system, which will link with
other management activities of the organization.
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STRESZCZENIE
Jakość i bezpieczeństwo żywności mogą być doskonalone między innymi poprzez wdrażanie
odpowiednich systemów zarządzania. Zastosowanie systemów zarządzania jakością przynosi wiele
korzyści przede wszystkim producentom, ale także konsumentom. Wprowadzenie jednak systemu
zarządzania jakością w przemyśle spożywczym niekoniecznie oznacza, że zostaną rozwiązane
wszystkie problemy dotyczące bezpieczeństwa żywności.
Celem niniejszego artykułu jest przedstawienie poziomu wiedzy oraz postaw konsumentów
w zakresie bezpieczeństwa żywności w Republice Słowackiej. Wyniki ukazują, iż zainteresowanie
słowackich konsumentów kwestiami bezpieczeństwa żywności jest stosunkowo wysokie. Informacje
dotyczące zagrożeń żywnościowych powodują ogólne obawy, choć trwałe skutki zmiany zachowań
konsumentów są rzadko obserwowane. Skandale żywnościowe powstające w związku
z przetwarzaniem surowców i półproduktów o niskiej jakości, skażeniem żywności, niezgodnością
z deklarowanymi wartościami i innymi szkodliwymi praktykami podważają zaufanie konsumentów
i budzą kontrowersje dotyczące skutecznego funkcjonowania systemu bezpieczeństwa żywności.
Słowa kluczowe: bezpieczeństwo żywności, urzędowa kontrola, system zarządzania bezpieczeństwem
żywności, jakość żywności
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Abstract: The aim of the article is to conceptualize a problem of food chain integrity and to identify
main drivers to food integrity risks. The paper is based on recent literature review, professional research
and publications. The conceptualisation of food chain integrity has evolved from perspectives of food
quality, food safety, authenticity, fraud and wider crime to the morality of individuals. Food integrity
has legal, moral and ethical dimensions.
There is a need of accountability and transparency of food supply chain to assure food integrity
efficaciously. More and more organizations and projects worldwide are focused on enhancing early
warning capabilities of individual countries and developing methods, systems and processes to enhance
consumer confidence and prevent and mitigate food fraud and fraudulent actions. Key drivers to food
chain integrity risks arise from: globalization process, climate change, market dynamics, changes in
trade, consumer behaviour and the development of new technologies.
Greater vulnerability of food supply chains to fraud and other deliberate attacks make food
integrity issue increasingly important and difficult to solve. Higher demanding and aware consumer,
widely protected by expanded food law provisions, is a challenge for food business operators. Thus,
developing, implementing and maintaining effective and efficacious food integrity management systems
is a matter of utmost importance within supply chain management.
Keywords: food chain integrity, food quality, food safety, food authenticity, food fraud

INTRODUCTION
Production of sufficient, legal, safe, good quality, nutritious and affordable food is a global
challenge faced by the actors operating in the food production chain. Major changes in climate,
demographics, economy and trade influence the performance of food-producing systems.
Higher demanding and aware consumers are often uncertain about the quality and safety of
their food and they are a real challenge for food business operators. Globalization impacts on
the food supply chain and its integrity continuously. Food integrity may be treated as ‘an
umbrella concept’ covering food authenticity, food fraud, traceability, food safety and food
quality issues. In the time of growing food chain vulnerability to deliberate attacks, while food
scandals are well known to a wide group of people, and image protection is a key issue in food
companies, a problem of assuring food integrity on the entire food chain (primary production,
storage, processing, packaging, distribution, retail and product consumption) is getting in
significance around the world. The aim of the paper is to make an attempt to conceptualize
problem of food chain integrity and to identify main drivers to food integrity risks.
A HOLISTIC APPROACH TO FOOD INTEGRITY
The term ‘integrity’ typically refers to being whole, entire, or undiminished or in perfect
condition. A definition of integrity for the food supply chain might be the requirement that the
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system performs its intended function in an unimpaired manner free from deliberate and
inadvertent manipulation [NIST 1995]. ‘
Food chain integrity’ is a multidisciplinary concept, covering all aspects of the food chain
‘from farm to fork’. Narrow meaning of food integrity includes food safety, authenticity of
origin, fraud and quality issues. However, the definition will certainly be expanded, as future
consumers will demand food that is not only safe, healthy and tasty, but also, among others,
produced in a way that minimizes the impact on the environment, is sustainable in nature, is
certified in origin and variety, minimizes the carbon footprint, is considerate of animal welfare,
free of child labour, favours trade with developing countries, and so on [Hoorfar et al. 2011].
Food integrity, covering food authenticity, food fraud, traceability, food safety and food quality
issues, is constantly evolving issue that confront governments, individuals, communities and
corporate business. Both public and private sector must work together to provide cheap, safe,
legal, good quality, nutritious food to an ever-growing human population [Foresight 2011].
A consumer with her/his growing consciousness and knowledge about food integrity
concerns, and special rights, is in the spotlight of law makers and food business operators. It is
a challenge for food business operators to meet and/or arouse consumers’ expectations towards
food chain participants and food products. The conceptualization of food chain integrity has
evolved from perspectives of food quality, food safety, authenticity, fraud and wider crime to
the morality of individuals. Food integrity as a research area has legal, moral and ethical
dimensions [Manning 2017]. More recently, in order to create trust and deliver brand integrity
to a range of stakeholders, food integrity management systems within the wider food supply
chain have developed as a means to first guarantee safety, quality and authenticity; second to
ensure reliable labelling of agents of concern such as food allergens; and third to ensure
effective management of provenance such as organic or halal status and the veracity of specific
food products such as those developed for vegetarians or vegans [Kleboth, Luning and Fogliano
2016].
Food integrity can be positioned between food quality driven by a supplier’s conjecture
and food authenticity driven by a purchaser’s expectations (Table 1). Food integrity can be
introduced as an encompassing concept to safeguard fragmented food systems through various
means (Table 2) [Wang, Van Fleet and Mishra 2016]. Common understanding of the terms used
in Table 1 and Table 2 is presented in Table 3.
Table 1. The positioning of food integrity
Product-centric
System-centric

Supply driven
Food quality

Demand driven
Food authenticity
Food integrity

Table 2. Aspects of food integrity
Focus
Implementation
Food standard
Food assurance
Food safety
Food protection
Food fraud
Food crime
Food defence
Source: Authors’own elaboration based on [Wang, Van Fleet and Mishra 2016]
Specification
Identification
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Table 3. The concepts related to food integrity
Food
integrity

•

Food quality

•

•

Food
authenticity

•
•

Food
standard
Food
assurance
Food safety

•
•
•

•

Food fraud

•
•

•

Food crime

•

Food
defence

•

•

Ensuring that food which is offered for sale or sold is not only safe and of the nature,
substance and quality expected by the purchaser, but also captures other aspects of
food production, such as the way it has been sourced, procured and distributed and
being honest about those elements to consumers [Elliot Review 2014]
The characteristics which are acceptable to consumers and include appearance,
flavour, texture, and compliance with any statutory standard on the composition of the
food [Elliot Review 2014];
A collection of a food product features and their determinants that apply to all stages
of primary production, processing and distribution of food and a consumer’s table, and
that fulfil various guidelines and directives in order to meet broadly defined
requirements of the consumers [Wiśniewska 2005].
Ensuring that food offered for sale or sold is of nature, substance and quality expected
by the purchaser [FSA 2009];
Ensuring that finished food product complies with labelling regulations, principally in
terms of ingredient composition, production protocols and practices, technology and
genetic identity [Charlebois et al. 2016].
The requirement that food must be correctly and accurately labelled, that it contains
legal ingredients and that any claims made are truthful [Elliot Review 2014].
Schemes which provide consumers and business with guarantees that food has been
produced to particular standards [Elliot Review 2014].
The conditions and practices that preserve the quality of food to prevent contamination
and food-borne illnesses (USDA Food Safety and Inspection Service)
[https://medlineplus.gov/ency/article/002434.htm];
Generality of requirements which have to be met, regarding: food additives and
artificial flavours, contaminants, pesticides residues, food irradiation and organoleptic
features, and activities that have to be taken at all the stages of food production and
distribution processes in order to assure human health and life [The Act on the Safety
of Food and Nutrition 2006].
Illegal deception for economic gain using food [Spink, Moyer and Speier-Pero 2016];
A collective term encompassing the deliberate and intentional substitution, addition,
tampering or misrepresentation of food, food ingredients or food packaging, labelling,
product information or false or misleading statements made about a product for
economic gain that could impact consumer health; a definition of Food Fraud by John
Spink adopted by the Global Food Safety Initiative, GFSI [Spink, Moyer 2011; Spink
2014];
Deliberately placing food on the market, for financial gain, with the intention of
deceiving
the
consumer
(UK
Food
Standards
Agency)
[http://webarchive.nationalarchives.gov.uk/+/http://www.food.gov.uk/enforcement/th
e-national-food-crime-unit/foodfraud].
An organized activity perpetrated by groups who knowingly set out to deceive and/or
injure those purchasing a food product [Elliot Review 2014]
The protection of food products from contamination or adulteration intended to cause
public health harm or economic disruption (USDA Food Safety and Inspection
Service) [https://www.fsis.usda.gov/wps/portal/fsis/topics/food-defense-defense-andemergency-response/food-defense-overview];
The collective term used to describe activities associated with protecting the nation’s
food supply from deliberate or intentional acts of contamination or tampering [FDA
2014];
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•

The process to ensure the security of food and drink and their supply chains from all
forms of intentional malicious attack including ideologically motivated attack leading
to contamination or supply failure [GFSI 2013].
Food
• An overall concept that includes prevention, intervention, and response for incidents
protection
in food quality, food safety, food fraud, and food defence [Spink, Moyer 2011].
Source: Authors’own work

It is obvious, that the concepts presented and defined in Table 3 are not disjunctive. They
are linked and depend on each other. For example, crucial dimension of food quality is food
safety, which is basically the only aspect of food quality regulated by food law. To answer a
question what is specific for each concept presented in Table 3, it can be said that food integrity
is an overall and complex concept, food quality has to be perceived by a consumer, food safety
is a public matter, food fraud is illegal and economically motivated. Food defence refers to
protecting the food supply from intentional adulteration with a motive to cause harm, whereas
food safety refers to protecting the food supply from unintentional contamination [Manning,
Soon 2016].
Manning has introduced the concept of food integrity as being made up of four elements:
process integrity, product integrity, people integrity and data integrity (Table 4) [Manning
2016].
Table 4. Elements of food integrity
Elements of
food integrity
Product integrity

Examples

Process integrity

•

People integrity

•

Data integrity

•

•

Adulteration and economically motivated adulteration (EMA), counterfeit product,
expiration date, simulation, tampering
Diversion of products outside of intended markets, illegal importation, over-run,
theft
Characterizations such as the cyber criminals and hacktivist, disgruntled
individual, extortionist, extremist, irrational individual, opportunist, professional
criminal
Illegal importation, improper, fraudulent, missing or absent health certificates,
improper, expired, fraudulent or missing common entry documents or import
declarations, mislabelling

Source: [Manning 2017]

Food science has a special role in the verification of product and process integrity,
especially the use of detection methods in the authentication of foods. The concept of food
integrity intends to hold the entire food supply chain accountable and transparent. Transparency
as a construct arises from the desire of stakeholders to make informed decisions and the notion
that stakeholders make decisions on the basis of that information. However, transparency in the
food supply chain is based first on the visibility, for all supply chain stakeholders (public,
industry, government, etc.), of the associated production processes and second stakeholders
being able to understand or quantify how such processes affect extrinsic characteristics of the
food product [Manning 2017].
Labelling and certification systems serve transparency of food chain participants’
activities. There is a desire for transparency in all the aspects of food production, whether it is
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safety, impact on health and environment, labour and human rights, animal well-being or
business ethics. Ensuring accountability further allows the public agency to construct practical
control signals, coordinate diverse interests, and drive system performance [Wang, Van Fleet
and Mishra 2017]. Accountability of food supply chain actors’ actions enable government food
control institutions to work effectively and efficaciously.
MAIN FACTORS INFLUENCING FOOD INTEGRITY
Food chain integrity concept has been receiving a great deal of attention recently. In April 2016,
there was a Food Integrity Conference organized by University of Chemistry and Technology
in Prague, Czech Republic. 260 scientists attended the conference representing 37 countries.
The next one is organized in Parma, Italy in May 2017. This conference is integrated within the
activities of the European Funded Food Integrity project focusing on consolidating,
harmonising and mobilising the European capability on food authentication to ensure consumer
confidence and protect European added value. The 5 year (2014-2018) €12M project should
reduce the current barriers to data sharing and utilisation that is crucial to combating food fraud
by supplying methods and tools that will address both enforcement and industry needs. This
project has received funding from the European Union's Seventh Framework Programme for
research,
technological
development
and
demonstration
[https://secure.fera.defra.gov.uk/foodintegrity/index.cfm?sectionid=21]. What is more, the first
(special) issue of British Food Journal in 2017 include empirical research articles and
conceptual papers discussing food integrity that were previously called by Dr Louise Manning
from Harpers Adams University, Edgmont, UK, guest editor of the issue.
Growing popularity of food integrity issue can be a proof of a great importance of this
concept. There are many factors influencing food integrity, coming from the economy,
environment, political issues, social matters and the progress in technical sciences. These
factors are continuously changing. Advanced food integrity management tools are developed
to face both old and emerging risks. It seems to be important to cite a definition of ‘a driver’ by
The European Food Safety Authority (EFSA) which says that drivers may act as modifiers of
effect on the onset of emerging risks, namely they can either amplify or attenuate the magnitude
or frequency of risks arising from various sources [EFSA 2011]. A list of key drivers to food
chain integrity risks is long because of the complexity of the problem. In order to draw up a list
of these drivers, it is crucial to take into consideration a set of drivers to food safety and nutrition
risks, emerging hazards, threats and vulnerabilities in food supply chain and so on.
Identification of key drivers of food chain integrity is presented in Figure 1.
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Demography
and social
cohesion
European
Union
governance

Changes in
consumer
attitudes and
behaviour

New food
chain
technologies

Globalisation
of food
supply

Climate
change and
resource
scarcity
New agrifood chain
structures

Food
chain
integrity

Economy and
market issues

Fig. 1. Key drivers of food chain integrity (EU perspective)
Source: Authors’own work

Some recognized drivers and their expected implications (presented in Table 5) may pose
new threats to food chain integrity assurance and make food chain integrity management more
difficult and complicated, costlier and less accessible. Some indicated factors have a positive
impact on food chain integrity assurance. Globalisation process cause that food integrity
procedures, methods and systems may be more universal and all-embracing. Consolidation of
the food safety legislation and increasing cooperation in setting standards for safe food simplify
the development of effective food integrity management systems and methods. New advanced
technologies improve traceability, labelling, food fraud detection and so on. The rise of social
media and mobile connectivity enable consumers to be more connected, better informed,
increasingly empowered and emboldened. The widespread popularity of smart phones make
consumers capable of testing some aspects of food authenticity.
The concept of giving consumers a device for fraud detection in food stores may impose
additional pressure on the food industry to become more disciplined [Charleboiset et al. 2016].
Dynamically changing social issues, covering demography trends, consumer knowledge,
awareness, attitudes and behaviour, impose new conditionings on food business operators
which inevitably have to be followed. Both public and private sector is obliged to trace changes
in main drivers of food chain integrity, to provide consumers food integrity, to be honest to
consumers and behave socially responsible. Food integrity management systems must take into
consideration the effects of climate change and new market structures.
An overview of key drivers of food chain integrity risks, possible effects of recognized
risks, expected trends and recognized uncertainties is presented in Table 5.
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Table 5. Overview of key drivers of food chain integrity (EU perspective)
Main driver
Globalisation
of food
supply
Global
economy and
trade

New food
chain
technologies

European
Union
governance
Further EU
enlargement
Demography
and social
cohesion

Changes in
consumer
attitudes and
behaviour
Increasing
polarisation
of consumers
in their
attitudes to
food and the
food chain in

Effects, trends and uncertainties
- Hazards and threats spread quickly across the globe;
- Contaminated and deliberately adulterated food can affect many more people because of
large production units;
- Globalisation of news can instantly spread the ‘bad’ press, which can spoil the reputation
of any food producer;
- A single lapse in quality control can easily become a brand damaging global scandal,
triggering public health concerns and damaging consumer trust;
- Increasing cooperation in setting standards for safe food;
- Global extended and fragmented food supply chains are increasingly vulnerable to fraud.
- The rapid development of technology provides powerful tools to fraudsters (but also to
those detecting food fraud);
- Bioterrorism remains a potential threat, especially in light of biotechnology developments;
- Increased use of advanced information and communication technologies (ICTs) improves
traceability and labelling in the food chain;
- Expected increase in the use of biotechnology, GMOs, nanotechnology influence consumer
trust and food quality perception, and impose changes in food labelling;
- New improved packaging technologies help to ensure food safety, influence food quality,
reduce food losses and waste which endangers world food security etc.
- Consolidation of the food safety legislative framework is continued;
- The future changes to the Common Agricultural Policy are likely to have an impact on
trade, production levels, and innovation;
- EU budget is a possible source of funding the development of food integrity management
systems and methods;
- There is a rise in importance of communication concerning food safety; increasing
cooperation in early warning systems is noticeable (e.g. RASFF);
- The global population is continuously growing; it is socially responsible to assure this
increasing population of food security and food safety;
- The EU population is aging, and thus is more and more prone to chronic diseases; thus
there is a need of broadening the offer of food dedicated to those groups of people and of
developing new methods and rules of food production, packaging and labelling;
- The share of the EU population with a migratory background is increasing; some
immigrants change their life styles, dietary habits and activity patters and integrate into the
societies that they entry, but some of them will alter overall consumption patterns;
- Inequalities in the EU household disposable income are rising; economic growth of recent
decades has benefited the rich more than the poor; increasing inequality is correlated with
the problem of the aging population.
- The rise of social media facilitates communication and exchange of information, and
influence consumer behaviour; Mobile connectivity and social media enable people all
over the world to be more connected, better informed, and as result, increasingly
empowered and emboldened;
- EU consumers buy more portioned, packaged, prepared/convenience food, and at multiple
times throughout the day; they spend less time preparing and cooking meals, and
increasingly consume food out of the home; on the other hand, consumers increasingly
desire uniform food that corresponds to their image of food quality;
- Obesity is becoming a serious public health problem;
- Some EU consumer groups increasingly demand food in line with specific values which
can relate to, inter alia, animal welfare, religious values, methods of production and
processing (e.g. organic, GMO-free), environmental and ecosystem impacts (e.g. carbon

125

the EU
countries

foot printing/labelling); health concerns (e.g. functional or dietetic foods); terms of trade
(e.g. fair price for producers and suppliers); working conditions (e.g. labour standards); and
the social capital of farmers’ communities;
- Europeans are increasingly concerned about food-related risks, in particular chemical
residues from pesticides, antibiotics, and pollutants like dioxins; food scandals most
probably have influenced consumer’s awareness, attitudes and behaviours.
Climate
- Rising temperatures are expected to lead to more frequent extreme weather events
change and
(droughts, floods, etc.) which particularly influence primary production;
resource
- New biological threats are expected to emerge as a result of climate change (animal and
scarcity
plant diseases, invasive alien species and so on);
- Growing number of people will migrate because of natural hazards (environmental
migration);
- There is an increasing competition for key resources; governments and companies are
adopting new technologies, corporate acquisitions and diplomatic relations to secure access
to the water, energy and land required to ensure sufficient food suppliers in the future.
New agri- Industrialisation of agriculture which can endanger sustainable development;
food chain
- Competition in the global food economy and the need for economies of scale have driven
structures
efficiency and productivity and encouraged consolidation of many companies into a small
number of large transnational corporations;
- Skilled agricultural labour force is expected to increase;
- The importance of regional, local and alternative food chains is increasing; these shorter
chains are likely to focus on quality and intrinsic value; however, local food and short
supply chains have also been associated with specific food safety hazards and risks, relating
to, inter alia, increased potential for cross contamination in case of combined or
neighbouring activities, lack of food safety knowledge, and high relative costs of microbial
testing for operators;
- There is a continues growth of organic agriculture which contribute to food integrity;
- Pressure for recycling and waste reduction along the food chain is increasing; it may be
reflected in expiry date policy developed to reduce food losses and waste.
Economy
- Further consolidation of the major companies in the global food sector is predicted, but
and market
also the emergence of new and powerful enterprises from emerging economies is expected;
issues
it will have a major impact not only on the structure of the food systems in the countries
from which they emerge, but also the global food system in general;
- World-class food companies are aiming for exceptional quality that distinguishes them
from their competition and builds consumer trust and brand loyalty, instead of merely
complying with regulatory safety requirements;
- The gap between supply and demand in a given market fuels food crime; enormous
competition on the agri-food market together with decreasing purchasing power of many
consumers extort low food prices and fuel food fraudsters; in the time of growing
inequalities there has been a boost in discount stores in Poland (Ladybird, etc.)
- Lowering costs of transport (e.g. plane transport) influence the length and complexity of
food supply chains, and the development of tourism which may implicate benchmarking
the habits and behaviours and so on;
- The rapid growth of warehouse systems and refrigerated transport enables the long-term
storage and transfer of large quantities of perishable food.
Source: Authors’own elaboration based on [European Commission 2013; PWC 2016; Wang, Van Fleet and Mishra
2016; Marvin et al. 2016; Kowalska 2017]
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CONCLUSION
Food integrity is very much a live issue. Food chain integrity is an overall concept which has
evolved from perspectives of food quality, food safety, authenticity, fraud and wider crime to
the morality of individuals. It is common responsibility of governments and food business
operators to assure food integrity, be honest to consumers and promote sustainable
development. The development of food integrity management systems, methods and
procedures is a challenge of today’s world. It is, inter alia, about building trust in food which
has been undermined so often recently (e.g. by horsemeat scandal, dioxins in feed). It is a must
to follow current political, economic, social, environmental and technological trends to develop
efficacious food integrity management systems. From the EU perspective, key drivers to food
chain integrity risks may be divided into eight groups of problems coming from globalisation
of food supply, new food chain technologies, European Union governance, demography and
social cohesion, changes in consumer attitudes and behaviour, climate change and resource
scarcity, new agri-food chain structures, economy and market issues. The drivers and their
expected implications may amplify or attenuate the magnitude or frequency of food integrity
risks arising from various sources. To succeed, decision makers must trace them, take them into
consideration and follow the line.
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STRESZCZENIE
Celem artykułu jest konceptualizacja problemu integralności łańcucha dostaw żywności i
identyfikacja głównych sterowników powstawania i działania ryzyka zagrażającego tej integralności.
Praca powstała w oparciu o przegląd najnowszej literatury, badania, raporty i publikacje ekspertów.
Ujęcie problemu integralności łańcucha dostaw żywności ewoluowało z perspektywy jakości,
bezpieczeństwa, autentyczności i fałszowania żywności do spojrzenia na problem z punktu widzenia
moralności jednostek. Integralność żywności posiada wymiar prawny, moralny i etyczny. Istnieje
potrzeba określenia odpowiedzialności na poszczególnych etapach łańcucha dostaw oraz przejrzystości
prowadzonych działań by skutecznie zapewnić integralność żywności. Coraz więcej organizacji
koncentruje się na poprawie swoich umiejętności w zakresie wczesnego ostrzegania, na rozwoju metod,
systemów i procesów służących zwiększaniu zaufania konsumentów do żywności oraz prewencji i
łagodzeniu skutków fałszowania żywności.
Główne czynniki wpływające na pojawianie się zagrożeń i szans sprzyjających zapewnieniu
integralności dostaw żywności wynikają z postępującej globalizacji, zmian klimatu, trendów rynkowych
i gospodarczych, zmieniających się zachowań konsumentów i rozwoju nowych technologii. Większa
podatność łańcucha dostaw żywności na zagrożenia wprowadzane celowo sprawia, że wzrasta
znaczenie i złożoność problemu zapewnienia integralności żywności. Bardziej wymagający
konsumenci, których ochrona prawna jest stosunkowo szeroka, stanowią wyzwanie dla branży
spożywczej. Można zatem stwierdzić, iż opracowanie, wdrożenie i utrzymanie efektywnych i
skutecznych systemów zarządzania integralnością żywności jest sprawą najwyższej wagi w zarządzaniu
łańcuchem dostaw.
Słowa kluczowe: integralność łańcucha dostaw, jakość żywności, bezpieczeństwo żywności,
autentyczność żywności, fałszowanie żywności
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Abstract: The recognition and specification of the determinants of consumer behavior in the process of
product selection and acceptance are among the basic areas of interest in the customer studies.
Nowadays, consumers pay more and more attention to nutrition as a factor influencing health.
The aim of the study was to investigate the Polish consumers’ attitudes towards new food products
focusing mostly on health-related modifications characteristic of functional food. The consumers’
potential interest, level of recognition and willingness to buy products related to health belonging to
different categories was measured. Finally, the socio-demographic profile of functional food consumers
was assumed. In order to gather the data, a method of direct personal interview with the use of an
interview questionnaire was applied (n=1905).
The undertaken research showed that Polish consumers are open to the innovations on food
market. Moreover, health-promotion was a significant trend in the behaviour of respondents which could
be justified by health-related perception of product innovation on the food market and health-oriented
requirements for new food products. The study revealed diversified interest, level of recognition and
purchasing power of different functional foods categories.
Keywords: consumer attitudes, functional food, new food product, Polish market, health-promoting

INTRODUCTION
The globalization of lifestyles, which constantly changes the food consumption pattern, has
been recently remarkable in the wider acceptance and implementation of a modified approach
to health, expressed through a greater care for both physical and mental well-being. Various
activities, such as the increased purchase of dietary supplements, “light” food products, nonprocessed foods, as well as visiting health and nutrition experts created so called “health &
wellness lifestyle”. Consumers pay increasingly more attention to treating nutrition as a
determining factor ensuring health, which is, to a large extent, connected with the threats posed
by the civilizations’ diseases, society aging, the increase in health care expenses, as well as the
scientific findings which confirm a link between a diet and health [Siro et al., 2008). In the light
of these trends in consumer behavior, the response of the producers has been to launch and
popularize functional foods (food products with health-promoting or disease-preventing
functions) on the market.
There is no global consensus on the definition of the term “functional food” until now.
According to European Commission concerted action on Functional Food Sciences in Europe
(FUFOSE consumer attitudes; functional food; new food product; Polish market; healthpromoting E) coordinated by International Life Sciences Institute (ILSI), food can be regarded
as “functional” if it is satisfactorily demonstrated to affect beneficially one or more target
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functions in the body, beyond adequate nutritional effects [Ashwell 2002]. An essential role in
the communication of functional food benefits to the consumer play health-related claims,
which should be based on scientific evidence and are regulated by law (Regulation (EC)
1924/2006 on nutrition and health claims made on foods).
Some European surveys showed that consumers often do not know the term “functional food”
[Szakaly et al. 2004; Annunziata et al. 2010]. The results of research provided in Poland by
Sojkin et al. [2009] revealed that “functional food” notion was known by 12.5% of respondents
and that the term “food with health-promoting properties” was much more recognizable.
However, the unfamiliarity of “functional food” term was not equivalent to the unacceptance
of this type of food.
The interest in health-related issues on the European market is reflected in the published
results of researches which show that more and more consumers, while purchasing, pay
attention to the presence of bioactive substances which have a beneficial influence on the
condition of the human organism [Verbeke, 2005] and may improve their health and well-being
[Urala et al. 2004; Urala et al. 2007]. The study carried out in Italy identifies the healthpromoting values of functional food as the basic factor that determines a positive perception of
this type of products [Annunziata et al. 2011]. The interest in and the acceptance of the healthrelated aspects of food is largely improved by the nutrition awareness of the consumers
[Verbeke 2005; Wansink et al. 2005]. In connection to that, Urala [2005] described that the
significant motive for the consumption of functional foods was to preserve good health status.
According to Grunert [2013] health concerns, convenience and process characteristics are the
main trends in consumer’s food choice and nutrition nowadays. Health related information in
food advertising segments has the largest effect of product evaluation by consumers as revealed
the study carried out by Chrysochou et al. [2014]. Health-promotion is also a visible trend in
the behavior of Polish consumers although it differs between people [Wądołowska et al.2009].
Further development of new food products with health-promoting properties is inherently
linked with general increase of innovative food products acceptance. The study carried out in
Poland (1566 respondents) by Sojkin et al. [2009] revealed the mistrust of respondents in new
food products caused by a conservative approach to the product innovations, as well as the lack
of knowledge about new products appearing on the market. The rather low level of food
awareness among Polish consumers is also visible in the results of the Pan-European study with
total of 17300 respondents from France, Germany, Poland, Sweden, The United Kingdom and
Hungary [Grunert et al. 2009]. On the base of respondents’ answers concerning understanding
and use of nutrition information on food labels “nutrition knowledge index” was calculated for
the consumers in each country. The following order was established, starting from the highest
level of awareness: The United Kingdom >Hungary>Sweden>Germany>France>Poland. On
the other hand, the study conducted in Belgium, Italy and Poland (2429 respondents) revealed
that the Polish consumers are more open to innovations in the traditional food products, while
the Belgian consumers displayed a greater aversion to the innovation [Kühne et al.2010].
However, other qualitative in-depth studies revealed that respondents from Poland would only
accept new packaging, health-related and convenience-driven changes [Guerreroet al. 2009].
Contradictory data concerning attitude of Polish consumers towards innovations on food
market has led to state following aims of the research:
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- to investigate consumer attitudes towards new food products focusing mostly on healthrelated modifications typical for functional food,
- to characterize the consumers’ potential interest, level of recognition and willingness to
purchase food products related to health belonging to different categories,
- to describe and discuss socio-demographic profile of functional food consumers.
MATERIALS AND METHOD
Data collection and respondents
The research was carried out by personal interviews method among 1905individual
consumers above 18 years of age from Wielkopolska region at the end of 2012 and the start of
2013(Table 1). Quota sampling was applied to recruit the respondents. The sample structure
including the criteria of gender, age, education level and place of residence was adequate to the
population structure of the Wielkopolska region. The main premise on which the Wielkopolska
region was selected was its compatibility with Poland as a whole in the context of either
population structure or food consumption and expenditure per person [Szreder 2012].
Table 1. Gender, age and education structure of the research sample (n=1905) and in Poland [%]
sample

Poland*

52.9
47.1

52.0
48.0

4.9
21.6
18.0
21.1
14.5

3.1
19.2
19.0
19.3
15.3

60 years and over

19.9

24.1

education level
primary/vocational
secondary
higher

31.3
47.3
21.4

39.0
42.0
19.0

place of residence
city
village

58.5
41.5

60.5
39.5

gender
women
men
age
18-19 years
20-29 years
30-39 years
40-49 years
50-59 years

Source: Authors’own elaboration based on [Demographic Yearbook of Poland 2015]

Questionnaire
In order to identify consumer attitudes the method of direct personal interview with the use an
interview questionnaire was applied. The questionnaire consisted of two parts which
complemented one another. The first part, in general, concentrated on new food products (NFP)
emerging on the market. The aim was to:
- define the perception of NFP term,
- evaluate the attitude towards dimensions of modifications in NFP,
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- determine the frequency of buying NFP,
- define main requirements and noticed deficiencies in NFP.
The perception of NFP term was evaluated by choosing two preferable variants out of
nine while the attitude towards dimensions of modifications in NFP was rated with use of fivepoint scale. Thirteen modifications were selected on the basis on previous studies. The main
requirements and noticed deficiencies in NFP were evaluated by choosing maximum three
items out of seventeen listed. The focus was made on answers suggesting indirectly interest in
food products with health-promoting properties.
The second part of questionnaire focused directly on NFP with health-promoting
properties with regard to consumers’ potential interest, recognition of innovations and
willingness to buy functional products belonging to different food categories (milk and milk
drinks, dairy products, soft drinks, chocolate and chocolate products, bakery, confectionery,
cold meat/cold cuts, meat and meat products, edible fats and oils).
Data analysis
The gathered data were verified, coded and the data sets describing the observable variables
were processed with use of IBM SPSS 18.0 statistics software package. The distribution of
answers, structure indicators, basic statistical measures and demographic/socio-economic
cross-sections were calculated. In order to prove the importance of the health-related dimension
in the perception of product innovation exploratory factor analysis was proceeded. EFA with
Varimax rotation was performed according to standard procedure described in the literature
[Larose 2006; Hooper 2012]. To determine the appropriate method of estimating the factor
loading matrix various methods of extraction were performed. The greatest percentage of
variance was explained by principal axis factoring procedure.
RESULTS AND DISCUSSION
Consumer perception of innovative food products and attitudes towards dimensions of
NFP modifications
The growing expansion of food industry observed over the last decade, revealing in the large
number of the innovative products launched on the market and their multidimensionality, have
caused a diversified perception of the product innovation by the consumers. In the undertaken
study, nearly every fifth customer (19.9%) indicated that a new food product is an innovative
product so far not present on the market (the innovation was perceived in absolute terms). A
slightly smaller group of respondents believed that a new food product can be one with
additional values such as new taste, consistency or form (13.6%). The analysis of results also
showed that every fifth consumer (20.5%) described an innovative food product as an item with
reduced amount of undesirable ingredients or a product enriched with health-promoting
nutrients (Table 2). Taking into consideration received data, it can be noticed that the healthrelated approach is strongly pointed by consumers.
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Table 2. The perception of new food products
Specification
launching an innovative product – so far not present on the market
launching a product with additional values
changing brand name/ introducing a new brand
new packaging of the product
enriching the products with nutrients
reducing the number of undesirable ingredients
changing the ingredients / recipe of the product
modifying the packaging
changing the preparation method/ cooking directions
Source: Authors’ own work

%
19.9
13.6
12.2
12.0
10.4
10.1
9.6
7.0
5.3

The research inquired into the attitude of the respondents towards the modifications in
innovative food products. It turned out that the activities of food producers aimed at increasing
the health-promoting properties of the food received the best ratings among the dimensions of
modifications (Table 3). Most respondents (85.1%) positively evaluated enriching food
products with nutrients and 83.1% had a similar attitude towards reducing the amount of
ingredients undesirable for health. The outcomes were opposite to those described by Jonas et
al. [1998) who showed that the Danish respondents were negative towards the fortification and
modification of foods, perceiving such food products as non-natural and impure. However, the
same authors supported the view that the perceived naturalness of a functional food can vary
across cultures.
Table 3. The evaluation of selected dimensions of modifications in new food products [%]
Evaluation of
modifications in new food
product
very positive
positive
hard to say
negative
very negative
Source: Authors’ own work

Enriching the
products with
nutrients
42.7
42.4
11.5
2.5
0.9

Reducing the
number of
undesirable
ingredients
44.9
38.2
11.5
3.3
2.2

Modified
shape

Modified
label

7.4
31.5
48.1
11.4
1.7

7.3
29.8
51.5
9.2
2.2

In the undertaken study, only one-third of respondents showed the positive attitude
towards changes in food products basing on modification of shape and label (38.8% and 37.1%,
respectively) (Table 3). Inevitably, such changes impose consumers’ disorientation in early
stage of new product life cycle and cause problems with identification when buying. Consumers
require more time to get acquainted with the product in order to verify their knowledge and
preference. That is why such modification are often mentioned as difficult to assess or are
negatively evaluated.
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Table 4. Determination of factorability of an intercorrelation matrix
Test
Kaiser-Meyer-Olkin Measure of Sampling Adequacy.
Bartlett’s Test of Sphericity
Approx. Chi-Square
Df
Sig.
Source: Authors’ own work

.737
3822.767
78
0.000

In order to obtain in-depth evaluation and set a more transparent level of the variable
impact on the dimensions of modifications in innovative food products, factor analysis was
carried out. The adequacy of the sample for the assumption of factor analysis was verified by
Kaiser–Mayer–Olkin (K–M–O) statistics and Bartlett’s Test of Sphericity. The K-M-O with
0.737 and significant Bartlett’s Test (p≤0.000) indicated that the data set was suitable for factor
analysis (Table 4). The number of extracted factors was determined by a number of eigen values
(from reduced matrix) higher than one according to the Kaiser criterion and the Cattell’s Scree
test. The cumulative percentage of variance extracted reached 55.5%. The analysis showed that
four dimensions were distinguished which can be treated as the determinants identifying the
nature of modifications and explaining the variability to the highest degree in innovative food
products (Table 5).
The first factor summarized five modifications related to the to the “visual perception” of
the NFP and explained 16.7% of the variance. This factor included several items connected to
packaging issues like modified shape, label, new design, changing of opening/closing
mechanism and packaging material. The second factor contained three items that described
consumers’ attitudes to health-related features of NFP and explained 16.5% of the variance.
What emerged from this factor was that respondents positively evaluated the efforts made by
manufacturers aimed at enriching the new food products with bioactive substances, reducing
the ingredients detrimental for health, as well as placing the health claims on packaging. The
third component, that explained 11.7% of the original variance, consisted of changes in product
composition directed to enhance their utility values. These modifications are aimed to enable
easier, more convenient and faster preparation of meals (convenience food innovation). The last
factor indicated the need for broadening the product portfolio in the range of products’ forms
and taste. It might be noticed that all components distinguished from factor analysis are
connected with consumer value.
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Table 5. The matrix of rotated components – the factor loadings for the identification of dimensions of
modifications in new food products
Evaluation of the changes in new food products

1
.712
.720
.607
.612
.560
.027
-.025
.027
.064
.086
-.003
.267
.069

modified shape
modified label
new packaging design
change of the packaging material
change of opening/closing mechanism
enriching the products with nutrients
reducing the number of undesirable ingredients
including the information about health-benefits
changing the ingredients
changing the preparation method/ cooking directions
new taste of the product
new forms of the product
launching an entirely new product
Eigenvalue
Variance (%)
Total variance (%)
significance>0.5 then value is bolded
Source: Authors’ own work

2.171
16.7
16.7

Component
2
-.089
.054
-.037
-.005
.361
.814
.796
.713
.061
.126
.058
-.060
.412
2.145
16.5
33.2

3
.056
.150
.063
.057
-.155
.084
-.015
.290
.784
.801
.080
.305
-.124

4
.232
-.078
.388
.052
-.096
.019
.052
-.023
.106
.079
.802
.574
.408

1.519
11.7
44.9

1.382
10.6
55.5

Consumers’ health-related requirements and deficiencies noticed in new food products
offer
The success of the new products on the food market depends essentially on the fulfillment of
the expectations of the target group. The results of undertaken study indicated that nowadays
the fundamental requirement is to provide the consumers with products which have a positive
impact on their health. Most respondents (85.5%) expected that the new products appearing on
the food market would positively influence their health, while for only 0.5% it seemed
insignificant (Figure 1).

50,0%
40,0%
30,0%
20,0%
10,0%
0,0%

44,0%

41,5%

11,9%

2,1%

0,5%

very
significant
neither
not too insignificant
significant
significant significant
nor
insignificant

Fig. 1. The significance of health-related requirements imposed on the new food products
Source: Authors’ own work
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The research investigated deficiencies noticed by consumers among the new food
products appearing on the market. More than one in five respondents (20.7%) noticed that new
products with reduced amount of undesirable ingredients are scarce on offer (Table 6) and
expected an increase in the creativity of the producers in this area. Some respondents (11.5%)
would alter the composition of the product and 10.5% of surveyed would introduce a product
with a new flavor. The respondents perceived almost no deficiencies related to shape, graphic
design, packaging material or labels.
Table 6. The deficiencies noticed in new food product offer
Deficiencies
reducing the number of undesirable ingredients
changing the ingredients of the product
new taste of the product
launching an entirely new product
launching products with additional values
lack of complete information about the product
change of the opening/closing mechanism
new way of product preparation
new label of the product
new forms of the product
new packaging of the product
change of brand name / introduction of new brand
new packaging design
modified shape
change of graphic design of the package
change of the packaging material
change of package label
Source: Authors’ own work

%
20.7
11.5
10.5
7.8
7.1
6.7
6.1
6.0
3.8
3.5
3.5
3.3
2.4
2.0
1.9
1.7
1.5

Consumer interest in different categories of health-related products
The health-promoting trend in the purchase of food products among Polish consumers is
reflected in the presented results. As from the consumers point of view, functional foods are
not perceived as being one homogenous group and the attitudes affect differently the
willingness to use different products [de Jong et al. 2003; Urala et al.2004; Urala et al. 2007],
it was justified to apply the segmentation of functional food market in further studies.
The highest potential interest in innovative health-related food products was directed
primarily at milk and milk drinks, dairy and bakery products (Table 7). The lowest interest
exhibited functional chocolate and chocolate products, edible fats and oils and confectionery.
The observed trend could be easily explained by in-depth analysis of market share and length
of availability of the specific product segments on the functional food market. The other cause
of such differentiation of potential interest among functional food categories might be due to
overall health-related evaluation of the base product. According to Krutulyte et al. [2011],
perceived carrier–ingredient fitting is strongly influenced by familiarity of the combination and
healthiness of the carrier product, which, in turn, determine purchase intentions. That could be
the reason for low interest in functional confectionary and chocolate products among
respondents.
138

The results of ANOVA analysis (Table 7) showed that respondents on the age basis
statistically differ in their declarations of potential interest in different functional food
categories (significance < 0.005). It can be clearly seen in chocolate and chocolate products
category that the younger the respondents were, the more interest in the product was perceived.
In turn for functional cold meat and meat products the opposite relationship was observed.
Table 7. The potential interest in new functional foods by age
Functional food category
Average*
Group 1
Group 2
Group 3
milk and milk drinks
2.04
①②③④⑤⑥
dairy products
2.10
①②③④⑤⑥
bakery
2.15
②③④⑤⑥
①③④
soft drinks
2.30
①②③④
③④⑤
⑤⑥
cold meat/cold cuts
2.38
②③④⑤⑥
①②
meat and meat products
2.41
②③④⑤⑥
①②③
chocolate and chocolate products
2.67
①
②③④
③④⑤⑥
edible fats and oils
2.69
④⑤⑥
①②③⑤⑥
confectionery
2.74
①②④
②③④⑥
③④⑤⑥
* Scale 1–5, where: 1 - very interested, 5 - not interested
① - 18-19 y.o. ② - 20-29 y.o. ③ - 30-39 y.o. ④ - 40-49 y.o. ⑤ - 50-59 y.o. ⑥ - 60 plus
Source: Authors’ own work

In the next step, the recognition and purchase of innovative food products with healthpromoting properties was evaluated. The consumers’ declarations concerning both recognition
and purchase of functional milk, milk drinks and dairy categories seemed to be coherent and
the most often. Taking into consideration the least recognized functional food categories, one
may find functional meat and meat products, edible fats and oils. While, the least frequently
purchased were functional meat and meat products, fats and oils as well confectionery (Table
8). Our results are consistent with the outcomes of Büyükkaragöz et al. [2014] study that
showed that over half of Turkish consumers knew milk fortified with calcium and yoghurt with
probiotics, while the margarine with plant sterols was the least known product and one-fourth
of respondents declared not to use this product in the future.
Table 8. The recognition and purchase of health-related new foods
Functional food category

Recognising the innovative
functional food*

milk and milk drinks
dairy products
soft drinks
chocolate and chocolate products
bakery
confectionery
cold meat/cold cuts
edible fats and oils
meat and meat products
*
Scale 1–5, where: 1 - very often, 5 - very rarely
Source: Authors’ own work

2.33
2.51
2.53
2.64
2.73
2.81
3.01
3.03
3.09

Purchase of the
innovative functional
food*
2.39
2.64
2.61
2.90
2.66
3.06
2.89
3.13
2.95
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The purchase of food products frequently reveals ambivalent attitudes manifested in
recognizing both advantages and disadvantages of the object as well as having positive and
negative emotions towards it [Newby et al. 2002]. An example of such an ambivalence are the
attitudes towards health-promoting products in the situation when there exists a conflict
between taste and health, sense and pleasure or health and high price as the enhancement of
foods with bioactive ingredients may result in undesirable sensory changes [Verbeke 2006].
The ambivalent attitude might be the reason of moderate interest in functional meat, meat
products, cold meat and cold cuts and only scarce declaration of purchase of those products.
Consumers prefer products of pleasant taste even though health-related advantages are obvious.
Socio-demographic profile of functional food consumers
The attitudes and lifestyle factors in addition to demographic factors such as gender, age or
education, strongly affect the acceptability or intention to use functional foods. Therefore, one
of the aims of the study was to distinguish socio-demographic and geographic characteristics
of the health-promoting consumer group, taking into account the perception of innovative food
products in term of its health-promoting properties, as well as the declaration of purchase of
functional foods.
The results of the investigation presented in Table 9 indicated that the group of healthoriented consumers comprised mainly women, people with secondary education, inhabiting
urban centres. The analysis revealed that the most frequent purchase of new functional products
was declared by people aged 20-29 (although the age structure of the proponents of functional
food was diversified). However, respondents over 60 years seemed to perceive innovative food
products as functional at most.
The data in literature confirms that female consumer scare a more promising target group
for functional foods than men [Gray 2002; Urala 2005; Büyükkaragöz et al. 2014], partly
because they show more interest in healthy food consumption and health in general [Bogue et
al. 2000; Childs et al. 1997]. According to de Jong et al. [2004] functional food users are often
more educated that agrees with outcomes obtained in our study. Concerning age there are no
unambiguous results. Childs et al. [1997] implied that the elderly show less intention to buy a
food that prevents disease compared to younger consumers. Other studies impair that statement
revealing that participants older than 55 years showed a and greater intention to buy functional
foods [Poulsen 1999].
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Table 9. Socio-demographic profile of functional food consumers [%]

gender
women
men
age
18-19 years
20-29 years
30-39 years
40-49 years
50-59 years
60 years and overb
education level
primary
vocational
secondary
higher
place of residence
city
village
Source: Authors’ own work

Perception of NFP
as product with healthpromoting properties

Frequent purchase
of the innovative functional
food

53.6
46.4

58.3
41.7

4.2
19.0
17.4
20.9
15.4
23.1

4.2
22.4
19.6
20.9
13.9
18.9
3.6
22.5
50.5
23.4

5.2
27.2
49.3
18.3
54.0
46.0

54.4
45.6

The above often contradictory findings suggest that there should not be a generalization
in the demographic profile of functional food consumers as long as gender, age, education are
all important factors that affect the consumption of products with health-promoting properties.
Only the differences in profile while taking into consideration consumption of different kinds
of functional foods are prominent [de Jong et al.2003]. According to the results of Niva et al.
[2007], the differences in consumer views of functional foods are better explained by
consumers’ attitude towards naturalness of food and modern technologies used in food
production.
CONCLUSIONS
Evaluation of the research results may lead to the general conclusion that all dimensions of
modifications of innovative food products indicated by respondents are connected with
consumer value. The outcomes of the work show that health promotion is a significant trend in
the behaviour of Polish consumers, gaining more and more popularity in the recent years. The
emphasis on health in the process of purchasing food, as reflected in the findings of present
research, is manifested in particular in:
- broad expectation that the new food products have a positive effect on their health,
- positive evaluation and strong perception of modifications in new food products such as
decreasing the amount of undesirable ingredients and enriching with health beneficial
ingredients characteristic for functional food,
- critical evaluation of the functional products diversity available on the food market and high
expectations towards an increase of manufacturers’ creativity in this area,
- the highest interest in health-related food was directed at milk, dairy and bakery products,
while the lowest one gained chocolate, confectionary, fats and oils,
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- the group of Polish consumers interested in functional food comprise mainly women, people
with secondary education, inhabiting urban centres.
An important factor contributing to the success of the commercialization of innovative
products on the food market is providing the consumer with a product which suits his/her
interests and expectations. When generalising the conclusions about the potential consumer
interest in innovative health-promoting food products, it is essential to bear in mind the
limitations resulting from the applied research method, namely the direct personal interview.
Nevertheless, a further advance in this field requires educating the society on the role of food
components in body functioning and maintaining good health condition.
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STRESZCZENIE
Poznanie i charakterystyka zachowań konsumentów w zakresie wyboru i akceptacji nowych
produktów żywnościowych jest jednym z podstawowych obszarów zainteresowania badań rynkowych.
Obecnie, konsumenci coraz większą wagę przywiązują do sposobu odżywiania jako czynnika
determinującego ich zdrowie.
Celem pracy było zbadanie postaw polskich konsumentów wobec nowych produktów
żywnościowych, koncentrując się przede wszystkim na produktach o działaniu prozdrowotnym. Podjęto
próbę określenia potencjalnego zainteresowania, znajomości oraz chęci zakupu produktów
prozdrowotnych należących do różnych kategorii produktowych. Określono profil społecznodemograficzny konsumentów żywności funkcjonalnej. Badania przeprowadzono wśród 1905
respondentów na obszarze województwa wielkopolskiego metodą wywiadów bezpośrednich z
wykorzystaniem kwestionariusza wywiadu.
Podjęte badania wykazały, że polscy konsumenci są otwarci na innowacje na rynku żywności.
Ponadto stwierdzono wysokie zainteresowanie aspektami zdrowotnymi przy zakupie nowych
produktów, co potwierdza fakt postrzegania innowacyjnego produktu przez pryzmat modyfikacji
polegających na zwiększeniu prozdrowotnych właściwości żywności i poszukiwaniu produktów o
działaniu prozdrowotnym. Badania wykazały zróżnicowane potencjalne zainteresowanie, dostrzeganie
i kupowanie nowych produktów żywnościowych o właściwościach prozdrowotnych w różnych
kategoriach produktowych.
Słowa kluczowe: postawy konsumentów, żywność prozdrowotna, nowy produkt żywnościowy, polski
rynek, żywność funkcjonalna
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Abstract: The purpose of this paper was to measure and evaluate the quality of operation and repair
services of passenger cars with the use of the SERVPERF method.
The study was carried out with the use of the survey method. The questionnaire was composed of
two parts. The first part included demographics questions characterizing the users of the passenger cars
and the second part, the substantial one, included SERVQUAL questionnaire queries. The object of the
study covered merely the quality performance pursuant to the presumption of SERVPERF method by
way of assuming the expectations of the customers at the maximum level.
The analysis of the results of the study demonstrates that the largest quality gap was recorded for
tangibles dimension. The study of the diversity has proved that the tangibles dimension is diversified
merely by one factor (place of servicing and repairing of the passenger cars). A variable diversifying the
most considerable number of dimensions is the age of respondents.
The analysis of literature has demonstrated that both the SERVQUAL model and the SERVPERF
concept have not yet been used for the measurement of the performance and repair services of the
passenger cars, therefore the filling of this gap constitutes the innovative element of the study.
Key words: quality, services, passenger car, SERVPERF method

INTRODUCTION TO THE QUALITY OF SERVICES
These days services sector is a part of economy within the limits of which economic entities
conduct business activity within the scope of provision of services [PARP 2005]. The said
sector includes a number of fields and branches, the number of which changes together with its
development. This makes the aforementioned sector heterogeneous. A specific feature of the
sector of services is the fact that its development and at the same time its participation in the
economy increases together with economic development. Services, similar as products, are the
object of trading in the market. Their characteristic features determine their competitiveness in
a given area.
Interest in the issue of the quality on a global scale is triggered by the needs of the practice.
Traditionally it concerned such areas as manufacturing, use of products or commercial
exchange [Hamrol and Mantura 2008]. The initial concepts of the definition of quality, attitude
towards quality management and methods applied in the measurement and evaluation of quality
have always been inseparably connected with industry and they mainly concerned
manufactured products. However, in the recent years a sudden development of services sector
is observed together with their fundamental significance in terms of the functioning and
development of contemporary economies. Thus, the notion of quality entered into this area and
new concepts, models, rules and research methodology have been worked out. At the beginning
some services organizations tried to directly transfer the patterns, systems and tools of quality
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applied to the production units. However due to the fundamental differences between the
products and services, the criteria worked out for the needs of quality evaluation of material
goods cannot be entirely transferred to the evaluation of quality services [Stoma 2012].
Currently, the quality of services is considered to be a critical dimension of
competitiveness [Lewis 1989]. Assurance of a perfect quality of services and great satisfaction
of the customers is an important issue and at the same time a challenge to be faced by the
contemporary services industries [Huang et al. 2003]. However, it is not easy to measure and
assess the quality of services. It is a consequence of the nature of the services which are
ephemeral, non-material, impermanent and heterogeneous [Żurawik and Żurawik 1999]. An
express and universal definition of the quality of services adopted in theory as an abstract
construct and applied in research practice is lacking. This is a consequence of two reasons –
multi-sidedness of this category and the fact that the last person to evaluate the quality is the
customer who may take into account not only the subjective but even irrational circumstances.
In this study, we applied a variant of a method which in spite of its imperfection, is a kind of a
universal standard of measurement and evaluation of the quality of services.
The purpose of this paper is to measure and evaluate the quality of repairing services of
passenger cars with the use of SERVPERF method.
REPAIRING SERVICES PROVIDED FOR PASSENGER CARS
Automotive market is one of the most developed sectors of economy. Every year the number
of passenger cars on the roads is growing and consequently the number of repairs and spare
parts in vehicles is increasing. A passenger car constitutes a specified construction entirety
which includes several thousands of components. Each of them plays a strictly specified role.
Adequate sets of the parts build particular construction elements of a vehicle (units,
components, systems, installations, equipment). General construction unit and details of the
structure of construction elements are determined by many factors. The most important ones
are: purpose and anticipated usage conditions [Napiórkowski et al. 2013].
A car, like any other technical device or machine, changes its technical condition in the
course of the use. A car being a construction composed of a number of mechanisms mutually
connected with each other, is exposed to the impact of numerous external factors and is at the
same time subject to the regular wear and tear as well as destruction. This results in the
worsening of the technical condition of a vehicle and even in the loss of technical and
operational features imposed by construction, that may hinder or render impossible the use of
a motor vehicle [Uzdowski, Abramek and Garczyński 2003].
Operated motor vehicles require professional service that are provided by authorized
service stations and independent repairers. Properly prepared personnel with appropriate
technical equipment and tools (supply base) performs all necessary activities required by
appropriate car operation.
Contemporary constructions of motor vehicles attain operation mileage ranging from 250
to 500 thousand kilometres provided that recommended spare parts together with operational
materials and intervals between technical service are applied in accordance with
recommendations [Lotko and Lotko 2016]. Several millions of cars on the Polish roads require
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huge operative and functional technical infrastructure. Repairing services are provided by
authorized services stations, independent repairers and motor vehicle diagnostic stations.
METHODOLOGY OF THE STUDIES
SERVPERF (Service Performance) is a method established as a response to the criticism of the
assumptions related to the SERVQUAL model, concerning the measurement of both quality
performance and expectations of performance. The basis of the concept created by J. Cronin
and S. Taylor is the understanding of quality in its traditional interpretation as a perfection of
performance – ideal quality. Therefore, the authors of the method recommend the examination
of the quality of a provided service and then the reference of the said service to the ideal state
[Cronin and Taylor 1994]. Therefore, the measurement of the expectations of customers was
eliminated in this concept due to the probability of existence of maximum expectations in
relation to the analysed criteria.
In SERVPERF model, the measurement and evaluation of the quality of services may be
realized based on a set of factors covered by the SERVQUAL concept [Stoma 2012]. Pursuant
to this concept the respondents aiming to take advantage of a given service for the first time
should be selected, then asked to fill in a questionnaire of the evaluation of quality expected
prior to taking advantage of a service and finally the respondents should be asked to answer
questions concerning the quality after taking advantage of a given service.
A study was carried out according to the guidelines established by J. Cronin and S. Taylor
is at the same time less complicated and less time-consuming when compared to the
SERVQUAL method study [Gilmore 2003]. Obtained results are much more restrictive and
objective.
A study was carried out with the use of a questionnaire method. The questionnaire was
composed of 27 positions. The first part included demographics questions which constituted a
formal characteristic of respondents i.e. consumers in analysed industries. The second part, the
substantial one, included 22 SERVQUAL questionnaire statements. However, merely the
provision of quality was taken into consideration as pursuant to the assumptions of SERVPERF
method, expectations should be adopted at the maximum level.
The selection of the sample was of purposive nature. The study covered hundred
customers taking advantage of repairing and operation services provided for the passenger cars.
The number of the sample may be deemed as sufficient taking into account the fact that a great
number of researchers in the quality and marketing area suggests the sufficiency of a total
sample n=200 for even more complex measurement tools than the ones suggested in this paper
[Ford, Walker and Churchil 1975; Saxe and Weitz 1982], including 40 respondents in each
category of services [Parasuraman, Zeithaml and Berry 1988].
The study was carried out in the period from 12th to 25th November 2016. Collected data
was statistically analysed with the use of the software MS Excel 2003 and Statistica 7.1 released
by Statsoft. The procedure of statistical processing, analysis and presentation of empirical data
was carried out according to the Dispersion included in Table 1.
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Table 1. Research procedure
No.

Type of analysis

1

Presentation of research sample

2

Presentation of the results of the
study – quality dimensions

3

Analysis of quality gaps

4

Analysis of quality gaps in respect
of diversifying factors

Description, methods
Sample structure in respect of
each demographics variable
Descriptive statistics for each
quality dimension (average,
standard deviation)
Descriptive statistics for 5
dimensions of quality
(averages)
Graphic analysis of
Dispersions, Kruskal-Wallis
test, U Mann-Whitney test

Tools
Numerousness tables
Tables, bar charts

Bar charts
Histograms, tables with the
results of testing of
statistical hypotheses

Source: Authors’ own work

On account of demographic variables, a non-parametrical Kruskal-Wallis test was applied
for the purposes of verification of statistical hypotheses concerning diversification of
evaluations of particular quality dimensions between the distinguished groups. In this test, a
zero hypothesis assumes that the samples originate from a population of the same Dispersion,
while the alternative hypothesis states that they originate from different Dispersions. It may be
described as follows:
H0: Dispersion of a variable is the same for all codes of the grouping factor regarding the
alternative hypothesis;
H1: Dispersions of a variable for at least two codes of the grouping factor vary.
A consequence of the adoption of H0 hypothesis is the statement that the levels of studied
factor (groups) do not have any significant impact on the observed results. Similarly, a
consequence of rejecting H0 hypothesis is the statement that the levels of studied risk
significantly influence the observed results. It is then stated that a given factor diversifies the
results [Skrzypek (ed.) 2013]. Kruskal-Wallis test is appropriate in the case where at least 3
codes of a grouping variable are observed. In the case where there are only 2 codes of the
grouping variable, the U Mann-Whitney test is applied. In this case, zero hypothesis assumes
that the averages are equal for both groups regarding the alternative hypothesis according to
which the said averages vary.
PRESENTATION OF THE RESEARCH SAMPLE
Sampling was of purposive nature and it covered the customers of authorized service stations
and independent repairers. Data obtained from the study has already been used in other type
of analysis [Lotko et al. 2017]. In this paper, the said data was processed with the use of other
method. The authors chose 5 demographic criteria characterizing the respondents, which
include: sex, age, time of being a user of a passenger car, average annual mileage of a used
passenger car, place of servicing and repairing the passenger car.
The first criterion was the sex of respondents. The structure of the sample in terms of
this particular variable is presented in Table 2.
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Table 2. Structure of the sample with respect to sex
No.
1
2

Sex
Woman
Man

Frequency
33
67

Percentage
33%
67%

Source: Authors’ own work.

The analysis of data presented in Table 2 demonstrates that one third of the respondents
constituted women, and two thirds men. Taking the subject matter into account, the manner and
the place of conducting research, it is observed that a significantly high number of women
participated in the study.
The second analysed criterion was the age of the respondents. The Dispersion of this
variable is presented in Table 3.
Table 3. Structure of the sample in respect of age
No.
1
2
3
4
5

Age
21-30
31-40
41-50
51-60
61-70

Frequency
43
26
17
6
8

Percentage
43%
26%
17%
6%
8%

Source: Authors’ own work

The analysis of data included in table 3 presents that among the respondents, relatively
young persons constituted the majority (69% in the range of 21-40 years). Persons aged 41- 50
constituted 17%. The lowest percentage of respondents was noted among persons aged 51-70
years old (6% and 8% respectively). The average age of respondents was 36 years old.
The third demographics criterion was the time of being a user of a passenger car
(respondents were asked about the time of being a driver). The Dispersion of this variable is
presented in Table 4.
Table 4. Structure of the sample in respect of the time of being a user of a passenger car
No.
1
2
3
4
5

Time of being a user of a passenger car
1-10
11-20
21-30
31-40
41-51

Frequency
57
27
11
4
1

Percentage
57%
27%
11%
4%
1%

Source: Authors’ own work

The analysis of data presented in table 4 shows that more than a half (57%) is a user of a
passenger car for not longer than 10 years. 27 % of respondents use a passenger car for more
than 10 years but for not longer than 20 years. These results are strictly connected with the
Dispersion of the previous variable i.e. the age of respondents. The lowest percentage is
assigned to the users of the passenger cars whose age was included in the ranges 31-40 and 4151 (4% and 1% respectively). The average time of being a user of a passenger car amounted to
13 years in a studied population.
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The next variable diversifying the sample was the average annual mileage of a used
passenger car, i.e. the number of kilometres made at the average within one year. Obtained
values were grouped in the ranges and presented in Table 5.
Table 5. Structure of the sample in respect of an average annual mileage of a passenger car
No.
1
2
3

Average annual mileage of a used passenger car
3 000-13 000
13 000-23 000
23 000 and more

Frequency
45
42
13

Percentage
45%
42%
13%

Source: Authors’ own work

The analysis of data included in table 5 leads to a conclusion that almost half of
respondents (45%) drives the distance of 3-13 thousands of kilometres per year. 42% of
respondents drives 13-23 thousands kilometres annually, whereas the mileage above 23
thousand kilometres was declared by 13% of respondents. Average annual mileage for the entire
sample was 18,1 thousand kilometres.
The next demographic variable was the place of servicing and repairing a passenger car.
The structure of the sample in respect of this variable is presented in Table 6.
Table 6. Structure of the sample in respect of the place of servicing and repairing a passenger car
No.
1
2
3

Place of servicing
Authorized services station
Independent repairers
Both options

Frequency
15
74
11

Percentage
15%
74%
11%

Source: Authors’ own work

Data included in Table 6 demonstrates that almost three quarters of respondents (74%) takes
advantage of servicing and repairing of used passenger cars offered by independent repairers.
15% of respondents takes advantage of authorized services stations and 11% marked both
options.
ANALYSIS OF QUALITY GAPS
Figure 1 presents quality gaps and demonstrates that the greatest discrepancy between
expectations and their realization was noted for the dimension tangibles. The average value was
-2,69. Carried out study presents that the highest expectations appear in respect of the
equipment used while providing services. In analysed dimension, the respondents evaluated the
visual aspect of materials connected with the provision of a service at the lowest level.
Difference between expectations and their realization ranging <-2.00; -2.13> was noted for
dimensions: responsiveness (-2,0), reliability (-2,03) and empathy (-2,13). The lowest value of
the gap was noted for dimension assurance and it was -1,97. In the discussed area, the
respondents have the highest expectations in respect of kindness of personnel in the process of
servicing and repairing passenger cars and in respect of the knowledge of the employees..
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Tangibles

Reliability

Empathy

As suranc e

Res ponsiveness

0,0

Quality gap

-0,5
-1,0
-1,5
-2,0
-2,5
-3,0
Dimension

Fig. 1. Quality gaps
Source: authors’ own work

ANALYSIS IN RESPECT OF DIVERSIFYING FACTORS
The first variable for which diversified samples were studied, was the sex of the users of the
passenger cars. Figure 2 presents gaps of quality dimensions divided in respect of the sex.

Fig. 2. Average gaps of dimensions of services quality divided in respect of sex
Source: authors’ own work

The analysis of data included in Figure 2 demonstrates that both women and men have
the highest expectations in respect of variables describing the dimension tangibles. Women
evaluated assurance at the highest level, whereas men top-scored responsiveness.
Subsequently, with the use of U Mann-Whitney the authors of the paper verified a statistical
significance of diversification for particular quality dimensions divided in respect of the sex of
respondents. The results are presented in Table 7.
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Table 7. Results of U Mann-Whitney test for particular quality dimensions divided in respect of sex
No.

Zero hypothesis
Average quality gap of tangibles
1
is the same for the category of sex
variable
Average quality gap of reliability
2
is the same for the category of sex
variable
Average quality gap of empathy is
3
the same for the category of sex
variable
Average quality gap of assurance
4
is the same for the category of sex
variable
Average quality gap of
5
responsiveness is the same for the
category of sex variable
Source: authors’ own work

Test

Test U
Mann-Whitney (α=0,05)

Significance

Decisions

0,2365

Adopt zero
hypothesis

0,3711

Adopt zero
hypothesis

0,8661

Adopt zero
hypothesis

0,1377

Adopt zero
hypothesis

0,2140

Adopt zero
hypothesis

Data presented in table 7 demonstrates that the difference in the quality gaps in respect of
the sex of respondents is not statistically significant for any of the analysed dimensions, thus
the conclusions drawn up from the sample cannot be spread across the entire population.
Figure 3 presents average dimensions’ gaps of services quality divided in respect of the
age of respondents.
Tangibles

Reliability

Empathy

Assurance

Responsiveness

-1,0

-1,5
Quality gap

21-30
31-40
41-50
51-60

-2,0

61-70

-2,5

-3,0

Dimension

Fig. 3. Average dimensions gaps of the services quality divided in respect of age
Source: authors’ own work

The analysis of figure 3 demonstrates that the largest difference between the provision of
a service and its ideal quality was pointed by all age groups for the dimension tangibles. The
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oldest age group evaluated assurance at the highest level. Dimension tangibles was evaluated
by the youngest users at the lowest level.
Subsequently, with the use of Kruskal-Wallis test, the authors of the paper verified the
statistical significance of diversification of particular quality dimensions in respect of the age
of respondents. Table 8 presents the results of the above-mentioned tests.
Table 8. The results of Kruskal-Wallis test for particular quality dimensions divided in respect of age
No.

Zero hypothesis
Dispersion of the quality gaps of
1
tangibles is the same for the
category of age variable
Dispersion of the quality gaps of
2
reliability is the same for the
category of age variable
Dispersion of the quality gaps of
3
empathy is the same for the
category of age variable
Dispersion of the quality gaps of
4
assurance is the same for the
category of age variable
Dispersion of the quality gaps of
5
responsiveness is the same for the
category of age variable
Source: authors’ own work

Test

Kruskal-Wallis test for
independent sampling
(α=0,05)

Significance

Decision

0,1807

Adopt zero
hypothesis

0,0440

Adopt zero
hypothesis

0,0120

Adopt zero
hypothesis

0,0057

Adopt zero
hypothesis

0,0168

Adopt zero
hypothesis

The analysis of data included in Table 8 demonstrates that diversity of quality dimensions
in respect of the age of respondents is impossible merely in the case of the Dispersion of quality
gaps for dimensions tangibles. The analysis of the results of statistical tests for dimensions:
reliability, empathy, assurance and responsiveness allows to generalize the results in respect of
the general population.
Figure 4 presents average dimensions gaps of services quality divided in respect of the
time of being a user of a passenger car.

Fig. 4. Average dimensions gaps of services quality divided in respect of the time of being a user of a
passenger car
Source: authors’ own work
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The analysis of data included in Figure 4 allows for the statement that the greatest
differences between expectations and ideal quality are noted for the dimension tangibles among
persons being the users of the passenger cars for the longest period of time. This group evaluated
the dimension responsiveness at the highest level. At the same time this was the slightest
difference between evaluation of the provision of services and its perfection. The structure of
the answers was similar for the remaining groups of the users of the passenger cars.
Table 9 covers the results of Kruskal-Wallis test for particular quality dimensions divided
in respect of the time of being a user of a passenger car.
Table 9. The results of Kruskal-Wallis test for particular quality dimensions divided in respect of the
time of being a user of a passenger cars
No.
1

2

3

4

5

Zero hypothesis
Dispersion of quality gaps of tangibles
is the same for the category of the
variable - the time of being a user of a
passenger car
Dispersion of quality gaps of reliability
is the same for the category of the
variable - the time of being a user of a
passenger car
Dispersion of quality gaps of empathy is
the same for the category - the variable
of the time of being a user of a
passenger car
Dispersion of quality gaps of assurance
is the same for the category of the
variable - the time of being a user of a
passenger car
Dispersion of quality gaps of
responsiveness is same for the category
of the variable - the time of being a user
of a passenger car

Test

Kruskal-Wallis test
for independent
sampling (α=0,05)

Significance

Decision

0,5241

Adopt zero
hypothesis

0,4157

Adopt zero
hypothesis

0,2928

Adopt zero
hypothesis

0,4710

Adopt zero
hypothesis

0,0728

Adopt zero
hypothesis

Source: authors’ own work

Data included in Table 9 demonstrates that the difference in quality gaps in respect of the
demographics variable specifying the time of being the user of a passenger car is not statistically
significant for any of the analysed dimensions and the results obtained from sampling cannot
be spread across the entire population.
The next demographics variable was the average annual mileage of a used passenger car.
The average gaps of dimensions of services quality with consideration of this variable is
presented in Figure 5.
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Fig. 5. Average gaps of dimensions of services quality divided in respect of an average annual mileage
of a used passenger car
Source: authors’ own work

On the basis of the analysis of data included in Figure 5, it may be stated that the greatest
difference between the provision of a service and its perfection is visible for the dimension
tangibles. Dimension reliability was evaluated at the highest level by drivers making over 23
thousand kilometres per year. Users who declared average annual mileages ranging between
<3 000; 13 000> and <13 000; 23 000> evaluated the provision of a service in respect of the
ideal quality for variables characterizing the dimension responsiveness in the same manner.
Subsequently with the use of Kruskal-Wallis test, the authors of this paper verified
whether the values of the quality gaps in respect of the average annual mileage may be spread
across general population. The said data is included in Table 10.
Table 10. The results of Kruskal-Wallis test for particular quality dimensions divided in respect of the
average annual mileage of the used passenger car.
No.
1

2

3

4

5

Zero hypothesis
Dispersion of quality gaps of tangibles is the
same as for the category of a variable –
average annual mileage of a passenger car
Dispersion of quality gaps of reliability is the
same as for the category of a variable –
average annual mileage of a passenger car
Dispersion of quality gaps of empathy is the
same as for the category of a variable –
average annual mileage of a passenger car
Dispersion of quality gaps of assurance is the
same as for the category of a variable –
average annual mileage of a passenger car
Dispersion of quality gaps of responsiveness
is the same as for the category of a variable –
average annual mileage of a passenger car

Test

Kruskal-Wallis test
for independent
sampling (α=0,05)

Significance

Decision

0,3934

Adopt zero
hypothesis

0,3162

Adopt zero
hypothesis

0,2130

Adopt zero
hypothesis

0,2533

Adopt zero
hypothesis

0,3336

Adopt zero
hypothesis

Source: authors’ own work
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Owing to the high values of significance level presented in Table 10, the hypothesis
cannot be spread across the entire population.
The next analysed demographics variable was the place of servicing and repairing used
passenger cars. The results are presented in figure 6.

Fig. 6. Average dimensions gaps of the services quality divided in respect of the place of servicing and
repairing used passenger cars
Source: authors’ own work

The analysis of data included in figure 6 demonstrates that the smallest quality gaps for
all dimensions were noted among the drivers taking advantage of services offered by authorized
services stations. The largest quality gap was noted for dimension tangibles in case of the
customers of independent workshops. Whereas all users of passenger cars indicated similar
values of quality gaps for dimension empathy.
Table 11 includes the results of Kruskal-Wallis test for the analysed demographics variable.
Table 11. The results of Kruskal-Wallis test for particular quality dimensions divided in respect of the
place of servicing and repairing used passenger cars
No.

Zero hypothesis
Dispersion of the quality gaps of tangibles is the
1
same for the category of a variable – place of
servicing and repairing a used passenger cars
Dispersion of the quality gaps of reliability is the
2
same for the category of a variable – place of
servicing and repairing a used passenger cars
Dispersion of the quality gaps of empathy is the
3
same for the category of a variable – place of
servicing and repairing a used passenger cars
Dispersion of the quality gaps of assurance is the
4
same for the category of a variable – place of
servicing and repairing a used passenger cars
Dispersion of the quality gaps of responsiveness
5
is the same for the category of a variable – place
of servicing and repairing a used passenger cars
Source: authors’ own work

Test

Kruskal-Wallis
test for
independent
sampling (α=0,05)

Significance

Decision

0,0012

Reject zero
hypothesis

0,5082

Adopt zero
hypothesis

0,9394

Adopt zero
hypothesis

0,5810

Adopt zero
hypothesis

0,5188

Adopt zero
hypothesis
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Data included in Table 11 allows to spread the results of the study across the entire
population merely in case of variables describing the dimension tangibles. In the remaining
cases the obtained level of significance is too high.
In order to compare the above deliberations, the authors included in Table 12 statistically
significant diversifications of evaluations of quality dimensions in respect of particular
demographics variables.
Table 12. Significant diversities of the evaluations of quality dimensions in respect of particular
demographics variables
Diversifying factor*
Sex
Age
Time of being a user of a
passenger car
Average annual mileage
of a passenger car

Quality dimensions
Empathy
Assurance
–
–
X
X

Tangibles
–
–

Reliability
–
X

–

–

–

–

–

–

–

–

–

–

X

–

–

–

–

Place of servicing and
repairing a passenger
car

Responsiveness
–
X

* at the significance level α = 0,05.
Source: authors’ own work

Table 12 demonstrates that a variable diversifying the dimensions: reliability, empathy,
assurance and responsiveness was the age of respondents. For the dimension tangibles, the only
diversifying variable was the place of servicing and repairing a used passenger car.
CONCLUSIONS
The analysis of the results of carried out study allows to make a statement that the largest
discrepancy between the provision of a service and ideal quality was noted for the dimension
tangibles. The lowest value of the quality gap was registered for the dimension assurance.
Women evaluated the dimension assurance at the highest level, whereas men opted for
responsiveness. The oldest users of passenger cars (age of respondent) evaluated the dimension
assurance and the youngest ones the dimension reliability. The greatest difference between the
provision of a service and ideal quality in case of the criterion of the average annual mileage
and place of servicing and repairing passenger cars concerned the dimension tangibles.
Diversified analysis proved that the dimension tangibles was diversified merely by one
factor. In case of the variable characterizing the age of respondents, the results of the carriedout study can be spread across general population for four dimensions: reliability, empathy,
assurance and responsiveness.
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STRESZCZENIE
Celem opracowania był pomiar i ocena jakości usług obsługi i naprawy samochodów osobowych z
wykorzystaniem metody SERVPERF. Badanie przeprowadzono metodą ankietową. Kwestionariusz
ankiety składał się z dwóch części. Pierwszą stanowiły pytania metryczkowe, charakteryzujące
użytkowników aut, a drugą, merytoryczną, stanowiły pytania kwestionariusza SERVQUAL. Badano
jedynie realizację jakości, zgodnie z założeniem metody SERVPERF przyjmując oczekiwania klientów
na maksymalnym poziomie.
Analiza wyników przeprowadzonego badania pozwala stwierdzić, że największą lukę jakości
odnotowano dla wymiaru elementy materialne. Badanie zróżnicowania pokazało, że wymiar elementy
materialne jest różnicowany jedynie przez jeden czynnik (miejsce serwisowania i naprawy aut).
Zmienną różnicującą największą liczbę wymiarów był wiek respondentów.
Przeprowadzona analiza literatury wykazała, że zarówno model SERVQUAL, jak i koncepcja
SERVPERF dotychczas nie były wykorzystywane do pomiaru jakości usług obsługi i naprawy
samochodów osobowych, zatem ten wypełnienie tej luki stanowi element innowacyjny w opracowaniu.
Słowa kluczowe: jakość, usługa, samochód osobowy, metoda SERVPERF
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Abstract: Poland lags considerably behind Western Europe and the United States in terms of the number
of patent applications filed by its nationals. This deficiency has prompted the authors of this article to
investigate and analyze the motivations of the staff of Poznan’s public universities to take patents.
The authors reviewed relevant literature to ascertain the main patenting motives among faculty
members employed in institutions of higher education in Germany, the United States and Italy. The
findings were used to compare such motivations with those of Polish inventors employed in institutions
of higher education in Poznan. It emerged that the staff of Adam Mickiewicz University of Poznan and
the Poznan University of Technology include the most numerous group of the owners and co-owners of
5 or more patents.
All scholars taking part in the study had the same two motivations to patent their inventions: to
protect their product as well as contribute to their scientific output and enhance their researcher
appraisal. The motivations to patent named by researchers from Poznan and the aforementioned
countries differ significantly despite certain similarities. All inventors mainly seek to protect the
outcomes of their work.
Keywords: intellectual property, patents, motivations to patent, staff of Universities.

INTRODUCTION
The ingeniousness, innovativeness and creativity of people around the world grows every year.
Inventors conceive ever more diverse technical and technological solutions which they
subsequently seek to implement to improve people’s lives. However, amidst rapid advances in
science and technology, inventors face formidable challenges during the phase between the
conception of an invention and the time they obtain their patents, largely as a result of the
numerous hurdles and barriers that are built into patent laws and procedures [Holgersson 2013].
The Report on the status of patenting in Poland [Crido Taxand 2015] shows that Poland lags
considerably behind Western Europe and the United States in terms of patent filing rates. To
remedy the problem, it is vital to understand the motivations behind developing and patenting
inventions as well as the barriers faced by research staff. Unlike in Germany, the United States
and Italy, Poland has not researched the motivations to patent, which in fact may have
contributed to the problem. This raises the question of what drives patenting behaviors in
Poland. Attempts to answer the question were made by investigating the research patterns of
the faculty members of Poznan universities.
The work is a continuation of the author's long-term interest in the issue of protection
of intellectual property in Polish scientific institutions [Urbaniak et al. 2000, Foltynowicz et
al.2003, Foltynowicz et al.2005]. Therefore, the main purpose of this article was to explore and
examine the patenting motives of the staff of Poznan institutions of higher education as well as
identify the barriers encountered by inventors and innovators. The authors reviewed relevant
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literature to ascertain the main motivations for acquiring patents among faculty members
employed in institutions of higher education in Germany, the United States and Italy. Their
findings were used to compare such motivations with those of Polish inventors employed in
institutions of higher education in Poznan. The choice of Germany, the United States and Italy
was decided by the following facts, namely:
- US researchers are leading in the inventions and its protection as well as their
commercialization;
- Germany and Italy have introduced so-called professorship privileges in the
commercialization of research results and may be a point of reference for Poland, which
also introduced this provision.
- there are scientific publications [Blind et al. 2006, Baldini, Grimaldi and Sobrero 2007,
Owen-Smith and Powell 2001] on the motives of patenting by scientists from these
countries, with which one can compare the results of the research.
MOTIVATIONS TO PATENT AMONG RESEARCHERS IN GERMANY, ITALY
AND THE UNITED STATES
The motives that propel investors to patent vary widely. A study into the matter was conducted
by surveying researchers in Italy, Germany and the United States. A literature review showed
that German inventors tend to protect their inventions mainly to avoid imitation by competitors
and to protect their shares in both the domestic and European markets. Another significant
motivation is to block or hamper development by competitors. German scholars file for patents
for the additional reason of improving their image and enhancing their technologies with a view
to securing more prospective customers and generating more revenue in what is described as a
strategic motivation [Blind et al. 2006].
The staff of Italian universities, in their turn, patent their inventions not as much to generate
more income but chiefly to gain prestige and reputation and find inspirations for further
research. One of their other key reasons is to secure funding for the kind of research that they
hope will contribute to the development of a new invention and that ultimately will promote
social prosperity [Baldini, Grimaldiand Sobrero 2007]. In the United States, the main
motivations for filing for patents vary by main area of research. The motivations observed in
exact sciences differ significantly from those seen in natural sciences. Exact science researchers
tend to rely on patents to establish working relationships with entrepreneurs in hopes of gaining
access to efficient modern equipment. Meanwhile, natural scientists patent inventions to find
the best commercial partner that will help them develop and sell a given patented drug, device,
etc. US scholars believe also that by patenting their inventions, they will increase their revenues
and grow wealthier. In their view, patents benefit the public at large while helping the inventors
themselves secure additional income from sponsors, which they can use to further develop
science and technologies [Owen-Smith and Powell 2001]. One important reason to patent
shared among all inventors is the traditional motivation to protect unique solutions from being
imitated by rivals [Blind et al. 2006; Baldini, Grimaldiand Sobrero 2007; Owen-Smith and
Powell 2001].
Besides the above motivations, patent portfolios are increasingly used as a basis for
appraising and remunerating personnel and as a source of income, which becomes available
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once inventions have been commercialized. As such, patents substantially improve their
employers’ reputations [Blind et al. 2006].
MATERIALS AND METHODS
Before launching their survey, the authors used the database of the Polish Patent Office
(as of January2016) [Urząd Patentowy RP 2016] to determine:
- the total number of patents obtained and the total number of registered patent applications
filed by Poznan-based institutions of higher education with the Polish Patent Office,
- the number of inventors from such institutions who hold at least two patents.
The survey relied on a questionnaire carried out by means of paper and e-mailed forms. The
questionnaire comprised 22 questions regarding:
- the number of patents held and the number of patent applications filed in Poland and abroad,
- the time needed to develop an invention and prepare a patent application,
- whether the invention was developed through own research or as part of a grant-funded
project,
- the patent databases or browsers used most commonly to investigate the state of the art in a
given technology,
- the duration of procedures before the Polish Patent Office,
- the sources of funding used to pay for the registration of an invention and patent protection,
- whether the invention was commercialized and whether the concerned university benefited
financially from its implementation,
- the key barriers faced by inventors and innovators,
- the researcher’s main motivation for patenting an invention.
The following answers to this question were suggested. The respondents were then requested
to assess the answers for significance on a scale from 1 (least important) to 10 (most important):
- a way to protect the invention,
- ambition,
- personal satisfaction,
- reputation and recognition,
- contribution to scientific output and impact on scholar appraisal,
- grounds for university chancellor’s or ministerial award,
- impact on university ranking and funding,
- financial gain, prospective revenues from commercializing invention,
- other.
The authors approached 250 inventors from five Poznan-based state universities to take
part in the survey. They were either sole-inventors or co-inventors of two or more Polish patents
and patent applications. Since a half of the individuals approached refused to take part in the
study, the number of respondents was reduced to 75 inventors and co-inventors employed at
Poznan universities. 16% of the surveyed were scholars from the Adam Mickiewicz University
of Poznan (AMU), 6.7% came from the Poznan University of Medical Sciences (PUMS),
18.7% from the University of Life Sciences (PULS), 16% from the Poznan University of
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Economics and Business (PUEB), and 42.6% from the Poznan University of Technology
(PUT). The survey was held between March 2016 and May 2016.
RESULTS
An overview of the Polish Patent Office database as of January2016 showed that the aforesaid
Poznan institutions of higher education pride themselves on having 1134 Polish outstanding
patent applications and granted patents. The leader is PUT with 753 and AMU with 261
inventions. The remaining universities follow behind closely with 72 inventions at the Poznan
University of Life Sciences, 25 at the Poznan University of Medical Sciences (PUMS) and as
many as 23 inventions at the Poznan University of Economics and Business (PUEB), whose
main interest is economics. Not surprisingly, the largest number of inventors with two or more
patents come from PUT (138) followed by AMU (65), PULS (27) and PUEB (13), with only 7
from the Poznan University of Medicine (PUMS). Note that the highest number of patents
among Poznan's scholars was held by chemists. The absolute record holder is a PUT professor
with approximately 230 inventions to his name (although, regrettably, he refused to take part in
the study), followed by an AMU professor with more than 160 patents.
The authors were most interested in scholars’ main motivations to seek patents for their
inventions. Their findings are broken down by university and compared with foreign statistics.
Regarding such motivations, the respondents were requested to choose their key reasons and
rank them by importance. Unfortunately, a substantial proportion of the respondents only
selected their main motivators without ascribing a specific level of significance thereto – such
respondents were referred to as population A. Those who proceeded with such attribution were
referred to as population B.
Adam Mickiewicz University of Poznan (AMU)
25% of the 12 AMU staff surveyed in the study either own or co-own 1 and 5patents. A
staggering 42% of them patented 5 to 20 inventions. Only 8% were credited for 20 to 50 patents.
17% were the inventors or co-inventors of more than 50 patents. The largest number of patents,
i.e. above 100, came from a mere 8% of the respondents.
Population A at AMU accounted for an impressive 67%. As shown in Figure 1, the main
motivation to patent an intention for the majority of the surveyed was to protect their solution,
have it add to their scientific output and enhance their appraisal as research faculty.
As shown in Figure 2, the two motivations are equally important for population B. 50% of that
population pointed to ambition and personal satisfaction (points 10 and 9) as their leading
motivations. The remaining 25% indicated that personal satisfaction was of no consequence.
Scholars too believe that a chance to qualify for a university chancellor’s or ministerial award
were not the reasons why they sought patent protection for their inventions.
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Fig. 1. Main motivations to patent among Poznan's university inventors, population A
Axis x - percentage of the responses on given surveys question (axis y).
Source: Authors’ own work based on survey findings

Poznan University of Economics and Business (PUEB)
Just as in the case of the AMU, the PUEB study recruited 12 persons. 76% of the surveyed
either own or co-own one and five Polish patents. 8% hold five to twenty patents while the
same proportion fits within the range of twenty to fifty Polish patents. 8% of the surveyed hold
exclusively foreign patents.
Regarding their motives for patenting inventions, PUEB staff offered two kinds of
responses, similarly to AMU scientists. Their population A was also 67%.
Figures 1 and 3 demonstrate that regardless of the population to which they belong, PUEB
faculty patent their inventions mainly to protect their solutions. The least significant reason for
them is monetary and the potential for generating revenues once the invention has been
commercialized.
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Fig. 2. Main motivations to patent among AMU inventors, population B
Axis x - points allocated to each variant of the answer; Axis y - percentage of the responses on given
surveys question.
Source: Authors’ own work based on survey findings
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Fig. 3. Main motivations to patent among PUEB inventors, population B
Axis x - points allocated to each variant of the answer; Axis y - percentage of the responses on given
surveys question.
Source: Authors’ own work based on survey findings
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Poznan University of Medical Sciences (PUMS)
Only five persons from the PUMS answered the survey questions. One of the reasons for such
a small number of respondents is the fact that, as shown in the Polish Patent Office database,
PUMS is the university with the second lowest number of patent applications and patents held
(from among the institutions of higher education participating in the study).
80% of the respondents either own or co-own one to five Polish patents. The remaining 20%
hold between 5 and 20 patents. The surveyed PUMS staff approached the study conscientiously,
hence all fell into the population B category. Figure 4 shows that their main motivation to patent
inventions was to protect their solution while the least significant reasons for patenting their
inventions were pecuniary benefits, revenues from the invention’s use and a chance to receive
the university’s chancellor’s or ministerial award.

%
400
300
200
100
0
10

9
8
7
6
5
4
3
2
financial gain, revenues expected from commercializing invention
impact on university ranking and funding
grounds for university chancellor's or ministerial award
contribution to scientific output and scholar appraisal
reputation and recognition
personal satisfaction
ambition

1

Fig. 4. Main motivations to patent among PUMS inventors, population B
Axis x - points allocated to each variant of the answer; Axis y - percentage of the responses on given
surveys question.
Source: Authors’ own work based on survey findings

Poznan University of Life Sciences (PULS)
The survey involved 14 sciences employed at the PULS. The majority of them, i.e. 86%, either
own or co-own one to five Polish patents. The remaining 14% are inventors holding from 5 to
20patents.
The findings for population A, which accounted for 57%, are presented in Figure 1. An
overwhelming 67% of population A patented their inventions to achieve a positive impact on
their scientific output and them enhance their appraisal as research staff. Another significant
motivation to patent was the effect on the overall evaluation of their university which in turn
translated into specific statutory funding. The surveyed were not motivated by ambition,
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reputation or recognition nor by gaining a chance to receive either a university chancellor’s or
ministerial award or monetary benefits.
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Fig. 5. Main motivations to patent among PULS inventors, population B
Axis x - points allocated to each variant of the answer; Axis y - percentage of the responses on given
surveys question.
Source: Authors’ own work based on survey findings

As shown in Figure 5, persons who belong to population B (43%)believe that the
contribution to their scientific output and the impact on their appraisal as research staff ranked
among the most important reasons for patenting their invention. Some of them indicated being
also driven by personal satisfaction, the ability to acquire exclusive rights to their invention, as
well as reputation and recognition. On the other hand, the least significant reason for which
they chose to seek patent protection for their outputs was a chance to receive the university
chancellor’s or ministerial award.
Poznan University of Technology (PUT)
The 32 PUT staff members who took part in the survey were the most numerous group of
respondents from any single institution. 42% of inventors hold 1 to 5 patents in Poland. A half
of the surveyed own or co-own 5 to 20 Polish patents. Only 9% have patented 20 to 50
inventions.
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Fig 6. Main motivations to patent among PUT inventors, population B
Axis x - points allocated to each variant of the answer; Axis y - percentage of the responses on given
surveys question.
Source: Authors’ own work based on survey findings

Population A was 69%. As shown in Figure 1, similarly to PULS, the main motivation
for patenting their intention was to contribute to their scientific output and enhance their
employee appraisal outcome. More than a half of the PUT respondents indicated they were
seeking to protect their invention.
As shown in Figure 6, the key motivation for population B (31%) was to protect their
inventions, followed by adding to their scientific output and enhancing their employee
appraisal.
Comparison of motives for patenting of Poznan researchers and those from the United
States, Germany, and Italy
The study has found that the main motivation to patent inventions shared by every Poznan
researcher was to contribute to scientific output, enhance their employee appraisal as well as
protect their invention. Also of significance was the impact on the assessment of their institution
and, as a consequence, the amount of statutory grants and personal satisfaction. As for the
motivations to patent indicated by American, German and Italian employees of the aforesaid
institutions of higher education, it is evident that some of the reasons were equally important
for Polish and foreign inventors.
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Not unlike Poznan researchers, German scientists patented their inventions to protect
them and specially to avoid imitation by competitors. They also found it important to secure
their shares in the domestic and European markets, defensively and offensively block their
competitors and improve their technological image (none of which were mentioned by Polish
inventors in the survey). Similarities between Poznan and Italian researchers lie in wanting to
apply for protection for their inventions to secure additional research funding and boost the
status of their university. A motivation of relatively little significance for both Poznan and
Italian inventors was the possibility of benefiting financially and increasing their revenues in
the event their invention were commercialized.
The motivations to patent revealed by United States scientists were very different from
those that drove Poznan researchers to protect their creations. What counted the most for
American inventors was to establish or improve relationships with businesses, engage in
collaboration and find the best possible commercial partner that would help them sell their
patented product. Also of significance for US investors were financial benefits.
CONCLUSIONS
The following conclusions emerge from an examination of all of the data received from the
respondents who participated in the survey and a review of the related literature:
- The staff of Adam Mickiewicz University of Poznan and the Poznan University of
Technology include the most numerous group of the owners and co-owners of 5 or more
patents.
- The Poznan University of Economics and Business is home to inventors who patent their
inventions exclusively in foreign countries.
- All scholars taking part in the study had the same two motivations to patent their inventions:
to protect their product as well as contribute to their scientific output and enhance their
researcher appraisal.
- The motivations to patent named by researchers from Poznan and the aforementioned
countries differ significantly despite certain similarities. All inventors mainly seek to
protect the outcomes of their work.
By patenting inventions, Poznan inventors raise the prestige of the universities that employ
them. Their effort to patent the greatest possible number of inventions may also create future
opportunities to advance Poland in global innovativeness rankings.
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STRESZCZENIE
Polska nie należy do liderów na tle Europy Zachodniej czy Stanów Zjednoczonych w zakresie
ilości wynalazków zgłaszanych do ochrony. Dlatego też głównym celem niniejszej pracy było zbadanie
i przeanalizowanie motywów patentowania wśród pracowników publicznych uczelni miasta
Poznania. Na podstawie uzyskanych informacji dokonano analizy porównawczej motywów naukowców
pracujących na uczelniach w Niemczech, Stanach Zjednoczonych oraz we Włoszech z motywami
patentowania twórców pracujących na poznańskich uczelniach.
Po przeanalizowaniu uzyskanych danych można stwierdzić, ze pracownicy Uniwersytetu im.
Adama Mickiewicza oraz Politechniki Poznańskiej to najliczniejsza grupa autorów lub współautorów
posiadających powyżej 5 patentów. Wszyscy biorący udział w badaniu naukowcy kierowali się tymi
samymi, dwoma motywami podczas patentowania wynalazków, tzn. istotna dla nich była przede
wszystkim chęć ochrony wytworu oraz wpływ na dorobek naukowy i ocenę pracownika naukowego.
Jednocześnie na podstawie analizy przeprowadzonych badań oraz przeglądu literatury związanej
tematycznie z pracą można stwierdzić, że motywy patentowania naukowców z wyżej wymienionych
krajów są zróżnicowane, choć mają też cechy wspólne. Mimo występujących różnic wszyscy wynalazcy
w głównej mierze dążą do ochrony wytworu swoich działań. Dzięki patentowaniu wynalazków
poznańscy twórcy przyczyniają się do podniesienia prestiżu instytucji, w której pracują. Ich dążenie do
opatentowania większej liczby wynalazków może także stworzyć w przyszłości szansę na podniesienie
pozycji Polski w rankingu innowacyjności na świecie
Słowa kluczowe: własność intelektualna, patenty, motywacje do patentowania, pracownicy
uniwersytetów
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