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Oil consumption: 47.4 g/100 g pigment
Specific surface area: BET-isotherm 2.63 m2 g–1

D10 0.95 :m
D50 3.46 :m
D90 30.34 :m
MN 0
WN Everything was dipped

Fig. 4 SEM micrographs of sample C

Fig. 5 SEM micrographs of sample D

D – SiO2(quartz, S4)

Structural phases: quartz (SiO2), mullite (Al6Si2O13)
Specific mass: 2.71 g cm3

Oil consumption: 52.7 g/100 g pigment
Specific surface area: BET-isotherm 0.29 m2 g–1

D10 2.60 :m
D50 8.82 :m
D90 18.37 :m
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MN 0
WN Everything was dipped

Discussion and Conclusion

Samples A – Al6Si2O13(mullite, S1) and C– Al6Si2O13(mullite, S3) have the same
chemical composition, i.e. they contain mainly mullite. Samples B – SiO2(quartz,
S2) and D – SiO2(quartz, S4) are predominantly composed of quartz. Chemical
composition was determined by RTG analysis. The highest value of oil
consumption was measured with sample D – SiO2(quartz, S4) – 52.7 g/100 g of
pigment. The largest value of specific surface area was found in the case of sample
C – 2.63 m2 g–1, which is perceptible from SEM micrograph in Fig. 4. SEM
micrographs (Figs 2-4) show lamellar shape of particles. All the samples had
similar sizes and distribution of particles. Sample A – Al6Si2O13(mullite, S1) had
higher abundance of large particles, so there are clumps of particles in the SEM
micrograph Fig. 2.

The highest value of methanol number was measured in the case of samples
A – Al6Si2O13(mullite, S1) and B – SiO2(quartz, S2) which were silanized with
silane S1 and S2. These samples had simultaneous low value of water number.
High degree of silanization predestines samples A and B to good anticorrosive
properties because hydrophobization declines the possibility of osmotic blisters
creation. Sample A is mainly composed of mullite in contrast to sample B which
is formed by quartz. Anticorrosion tests are being carried out to show, if the degree
of silanization or the chemical composition is crucial for anticorrosive
protection.The characterization of pigments reveals good properties of the tested
pigments to create coatings. The prepared pigments are going to be applied to
alkyd resin. Mechanical and anticorrosive properties will be investigated.
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Hexavalent chromium compounds (chromates) have been widely used as inhibitive
pigments in the formulation of anticorrosive paints. However, their high toxicity
and carcinogenic effects are forcing the development of effective chromate-free
organic coatings. One such alternative, which is very attractive from a scientific
point of view, is the use of ion-exchangeable pigments (IEPs). The few studies
conducted with this type of pigment are not conclusive about their anticorrosive
efficiency and controversy surrounds their functioning mechanisms, interchange
capacity and anticorrosive performance. In the present research, which focuses
on the anticorrosive protection of this type of pigment, calcium/silica (Ca/Si) IEPs
were synthesized in first step, next epoxide paint coatings were formulated. IEPs
have been applied on low carbon steel panels. The effect of these non-toxic
pigments on the protective properties of coatings has been tested by means of
natural and accelerated corrosion tests (humidity, salt spray and SO2).
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Experimental results have shown that IEPs are suitable to formulate anticorrosive
paint films with improved anticorrosive effects.

Introduction

Paints initially insulate a metal substrate from the water and oxygen required for
environmental corrosion. However, all organic film-forming polymers are to a
greater or lesser extent permeable. Although paint coatings have been used for
centuries to protect metals against atmospheric corrosion, their protection
mechanisms have not yet been fully explained and for many years have been the
subject of controversy. Anticorrosive protection by paints has recently been
described as being a combination of a physical barrier, a chemical inhibitor and
an electrical rezistor [1]. IEPs are relatively high surface area inorganic oxides
loaded with ionic corrosion inhibitors by ion exchange with the surface hydroxyl
groups. The oxides are chosen for their acidic or basic properties to provide cation
or anion exchangers; thus, silica is used as a cation support and alumina for
anions. So, calcium-exchanged silica  [2], Al–Zn–decavanadate hydrotalcite [3],
and cerium(III) and calcium(II) cation exchanged bentonites [4] have been
incorporated as pigments in anticorrosive paints.

Cations permeating the paint film will release calcium from the pigment and
at the same time be immobilised. The implications of such a release mechanism
are that the inhibitor species is only released when the paint film is being
permeated by corrosive species and the amount released is dependent on the
severity of the environment. Calcium, released from the silica surface, migrates to
the paint–metal interface where a thin, inorganic layer is deposited which is
essentially impermeable to moisture/ions and hence prevents the corrosion
reaction from proceeding. According to Goldie [5] the presence of this layer has
been detected by X-ray photoelectron spectroscopy on painted metal plates
exposed to a variety of environments. Other evidence supporting this layer theory
has been obtained from electrochemical studies [5]. So, the anticorrosive effect of
Ca/Si pigment can be described considering two mechanisms: the exchange of
calcium ions for cations (H+, etc.) penetrating the coating from the environment,
neutralising the acid compounds and forming on the substrate a protective layer
consisting of calcium and iron silicite [5,6].
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Experimental

Preparation and Characterization of Pigment

IEPs were prepared by high-temperature synthesis based on reaction of silicates
with calcium oxide. Calcium carbonate and silicates with different layered
structure were chosen as starting raw materials. The first step was thermal
decomposition of CaCO3 to CaO and CO2 according to Eq. (1). The reaction
proceeded in solid phase. The resulting pigment had the silica matrix with CaO on
the surface. The amount of CaO in the final pigment was 20 % by wt.
 

(1)

The following silicates were chosen:  Bentone SD2, Mica SFG 20, Talek A-
60. The starting raw materials were weighed with an accuracy of ±0.001 g. The
mixture of starting materials was homogenized in porcelain mortar for a period of
30 min. The second step was calcination in electric oven at the temperature of
1150 °C with 2-hour time lag at the peak temperature and the temperature
increasing from the start at the rate of 5 °C min–1. 

The prepared calcinate was ground by wet way in planetary ball mill for a
period of 5 hours at the rate of 400 rpm. Corundum balls were used as the mill
balls. 

The ground pigment was washed with distilled water to remove the non-
reacted particles of starting materials that would negatively affect the pigment
characteristics, whereupon the pigment was heated at the temperature of 110 °C
to constant weight. 

The powdery pigment was characterized by the following parameters:
specific mass, oil consumption, pH value, and specific conductivity of aqueous
extract of the pigment. The values of critical pigment volume concentrations
(CPVC) were calculated.

Preparation of Coatings

Model paints based on epoxy emulsion (producer Spolchemie a.s., dry mass = 55
%) and epoxy resin (producer Spolchemie a.s., dry mass = 75 %) containing the
synthesized pigments were prepeared in order to assess properties of the pigment.
For estimation of physical-mechanical and anticorrosion properties the cjosen
volume concentration of pigment in PVC-based coating was 10 %.

The prepared paints were coated  on a steel panel (approx. dimensions
152×102×0.8 mm) by means of a double-layer applicator blade with 200 :m slot.
The second layer of paint was applied (after sufficient curing of first layer) by
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means of an applicator blade with the slot producing a film of approx. 100 :m
final thickness. For the corrosion tests the panels were cut (approx. 8 cm cuts
except the steel basis in the distance of 1 cm from the edges).

Corrosion Tests

The tested coatings were exposed to corrosive environment chambers with general
condensation of water, corrosive environment combination chambers with salt fog
and corrosive environment condensation chamber containing SO2. The general
anticorrosion efficiency (A) was derived from the test evaluating the corrosion of
flat basis (A1) according to ASTM D 610- 85), the test evaluating the corrosion in
cuts (A2) according to ASTM 1654- 92), and the test evaluating production of
blisters in the coating (A3) according to ASTM D 714- 87). The samples were
exposed to corrosive environment for a period of ca. 500 hours (paints based on
epoxy emulsion) or ca. 2000 hours (paints based on epoxy resin).

The value of general efficiency (A) is in the interval of 0-100. A higher
numeric value means higher value of anticorrosive efficiency — Eq. (2). Overall
assessment was derived after Heubach scale.  Equation for general anticorrosive
efficiency A for corrosion test in chamber with NaCl content, condensation
chamber with general evaporation of water and in chamber with SO2 content reads
as follows

(2)

Results and Discussion

Properties of Pigments

Parameter Mica Bentone Talek

Specific mass, g cm–3 2.78 2.51 2.86

Oil consumption, g/100 g pigment 64.6 75.9 44.4

CPVC, % 34.1 32.76 42.1

pH of aqueous leach 11.3 9.76 12.31

Note. In the table, there are properties of finished IEPs pigments. The names of
these pigments are identical with the names of silicates.
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Anticorrosion Properties 

In the chambers with salt fog, all coatings on the basis of epoxy resin had very
good anticorrosion efficiency. The best of all was the coating pigmented with
Mica SFG + 20 % CaO. The paint with Talek A60 + 20 % CaO had the minimum
anticorrosion efficiency in epoxy emulsion coatings. The other two coatings had
a similar, higher than average anticorrosion protection. The results are presented
in Diagram 1.

Diagram 1

In chambers with general condensation of water, epoxy resin coatings
showed very high anticorrosion protection. The coating pigmented with Talek A60
+ 20 % CaO had almost maximal protection. The coating on the basis of epoxy
emulsion had a different anticorrosion efficiency. The best of all was the coating
with Talek A60 + 20 % CaO. This paint showed 100 % efficiency. The results are
presented in Diagram  2.

In the chamber containing SO2 all the coatings (in both types of binders),
except coatings pigmented with Bentone SD2 + 20 % CaO, showed higher than
average anticorrosion protection. The paint containing Mica SFG + 20 % CaO had
the best anticorrosion efficiency in epoxy emulsion coatings . Talek A60 + 20 %
CaO had the best protection against corrosion in coatings on the basis of epoxy
resin. The results are presented in Diagram 3.
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Diagram 2

Diagram 3

Conclusion

Several IEPs of calcium/silica (Ca/Si) type were synthesized. The pigments in
powdery state were characterized by the following parameters: specific mass, oil
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consumption, pH value  and specific conductivity of aqueous extract of the
pigment. Coatings based on aqueous epoxy emulsion and on solvent epoxy resin
were formulated and prepared. The IEPs were applied on low carbon steel panels.
The effect of these non-toxic pigments on the protective properties of coatings was
tested by means of natural and accelerated corrosion tests (humidity, salt spray and
SO2). Generally, all the pigments showed very good anticorrosion protection.
Especially coatings on the base of epoxy resin showed extreme efficiency. The
best of all pigments was Mica SFG + 20 % CaO. 
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The paper describes monitoring of contamination of atmosphere with organic
substances during ordinary operation of a petrol station, namely during pumping
of fuel by a consumer. The measurements were performed by means of a portable
analyser ECOPROBE 5 equipped with an IR detector. The analyser was
calibrated using standard mixtures of petrol vapours and air as well as by means
of gaseous standards of volatile portions of Diesel fuel. The calibration curves
obtained were used for determination of real concentrations of the analysed
substances in the units of mg  m–3. The practical measurements have shown that the
reverse exhaust of petrol vapours cannot prevent contamination of the atmosphere
unless the dispensing nozzle is properly inserted during filling the tank.
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Introduction

Volatile organic compounds (VOC) are air pollutants whose importance has been
increasing recently. These substances play an important part in physico-chemical
processes in troposphere because they significantly contribute to formation of
ozone and other photochemical oxidants. They can also represent a serious health
hazard to population and to the environment because of the toxicity of some of
them (e.g., benzene and buta-1,3-diene) [1]. In particular, VOC include the crude
oil products, i.e. substances and preparations containing aliphatic, alicyclic and
aromatic hydrocarbons possessing low viscosity and low surface-tension values.
Besides the crude oil itself they include the products of crude oil treatment, such
as petrol, kerosene oil, Diesel fuel, and mineral oils. Nowadays, in connection with
development of industry, agriculture and transport, it is impossible to avoid
situations that introduce VOC into the environment. In particular, such situations
are connected with:

! escape during handling crude oil products in the cases of their transport,
pumping, storage, filling into tanks of machinery, repairs of machinery,
exchanges of filling, application of crude oil products as solvents, cleaning
aids, grease removers etc., 

! escapes of emergency nature, such as damage of tanks in machinery, rupture of
hosepipes and pressure pipelines in machinery, rupture of crude oil pipelines,
during traffic accidents of vehicles transporting these products, accidents of
storage and handling equipment and their pipe manifolds and fittings, during
criminal acts and sabotages concerning these types of equipment etc., 

! escapes connected with improper disposal of used packaging materials and
containers of crude oil products.

Suitable methods for determination of pollution of the atmosphere with
VOC include the gas chromatography combined with, e.g., flame-ionization
detector, thermal conductivity detector, or photo-ionization detector and, in
particular, mass detector [2]. Automatic portable analysers for direct quick and/or
continuous field analyses of air quality are subject of significant development
because of the necessity of obtaining — as rapidly as possible — the most accurate
data possible about the actual situation of contamination of the atmosphere with
VOC, the necessity of taking proper measures in situations of emergency escape
of VOC into the atmosphere or, on the other hand, long-term monitoring of the air
quality, e.g., near potential sources of pollution. The most widespread variant of
portable analysers are gas chromatographs developed as a scaled-down simpler
alternative to laboratory models [3-6]. Although various types of detectors are
applied, the most frequent combination is GC + mass detector [7-11]. New types
of mass spectrometers were also developed for the purposes of on-line analysis.
One of them is the method of Membrane introduction mass spectrometry (MIMS),
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which adopts an entry membrane (made of, e.g., poly(dimethylsiloxane)) for
concentrating the sample: the membrane is much more pervious for the organic
analysed substance than for the matrix, which allows reaching of a very low
detection limit [12]. Another possibility is the so-called Selected ion flow tube
mass spectrometry (SIFT-MS), which makes use of reactions of analysed
substance with precursors (e.g., , , ), the products of these reactions
being subsequently analyzed by means of the differentially pumped quadruple MS-
ion-counting system [13]. However, the field analysers based on the principle of
gas chromatography and/or mass spectrometry may suffer from the drawback of
the necessity of relatively demanding instrumentation: in particular, they may need
various carrier gases and a source of vacuum, which makes the manipulation more
difficult. An important point also is the way of collecting and concentrating of
samples before the analysis proper [14].

A significant role in the determination of contamination of the atmosphere
with VOC also belongs to the portable analysers based of spectrophotometric
methods. Apart from the mass spectrometers [15-20], which have already been
mentioned above in the context of gas chromatography, literature describes, e.g.,
an analyser working on the principle of UV spectrophotometry, namely with
application of various adsorbents, e.g., powdered amorphous SiO2 [21,22] or finely
porous silicate powder [23,24]. Further possibility is offered by the IR analysers,
which allow reaching of very low detection limits (less than mg m–3) and are also
suitable for long-term continuous monitoring of contamination of the atmosphere
with VOC [25,26]. This group of analysers also includes the mobile analyser
ECOPROBE 5 [27], which was used for analysis of the atmosphere in the present
work. A large advantage of these instruments can be seen in the fact that the
sample is sucked directly into the cell volume, where the measurement takes place,
and no additional special equipment for collecting and concentrating of analysed
substance is needed.

The aim of this work was to calibrate the portable analyser ECOPROBE 5
by means of gas chromatography and then monitor contamination of the
atmosphere with VOC from fuels for motor vehicles.

Experimental

Refinery Products Used. Preparation of Gaseous Mixtures

The portable VOC analyser was calibrated using model standard gaseous mixtures
of air with the following types of petrol: Natural 95, Natural 98, Special 91
(Paramo, Pardubice, the Czech Republic), Special 100 (OMV Refining, Wien,
Austria), and  Shell V-Power Racing (Shell Chemicals, Hamburg, Germany), and
also a mixture of air with Diesel fuel (Slovnaft, Bratislava, Slovakia). The
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mixtures were prepared by addition of a defined amount of the liquid fuel into a
gas-tight bag (Linde Gas, Praque, the Czech Republic) whose inner surface was
covered with aluminium foil. The addition was carried out by means of a 500-:l
hypodermic syringe (Hamilton), whereupon a defined volume of air was pumped
into the bag by means of membrane pump M 401. The mixture obtained was
heated for a short time period and then left to homogenize at room temperature
((25 ± 2) °C). Formation of homogeneous mixture was checked by means of gas
chromatography: if homogeneous, the gaseous sample gave a constant response,
expressed by the height of the representative peak dominating in the sample;
subsequently, the concentration of the component was determined by the same
method. The standard serving for quantification of unknown petrol samples was
the gaseous sample prepared by adding 5 :l liquid substance into a gas-tight glass
container of defined volume, which was closed by means of silicone septum.
Perfect vaporization of the liquid phase was ensured by short heating with hot air.
The concentration of this mixture was determined by calculation. In the case of
preparation of standards of volatile hydrocarbons from Diesel fuel, which is a
varied mixture of substances with boiling points in the range of 180-370 °C, it was
not possible to calculate the concentration on the basis of the whole amount of the
liquid sample added, because less volatile components remain in liquid phase at
room temperature or slightly above. The content of volatile components in Diesel
fuel (hereinafter TSN) was determined experimentally in the following way: an
open glass vessel was charged with 200 :l Diesel fuel having the density of
0.8299 g/cm3, whereupon the vessel was kept at the temperature of 80-85 °C, and
the decrease in the mass of liquid phase was determined by weighing at regular
time intervals. Figure 1 shows the time dependence of the mass decrease
determined in three repeated experiments.

Fig. 1 Time dependence of mass decrease of Diesel fuel at the temperature of 80-85 °C



Chýlková J. et al./Sci. Pap. Univ. Pardubice Ser. A 16 (2010) 153–165 157

From Fig. 1 it is obvious, that in the 15-min period from the beginning of
heating the decrease in volatile components is considerable, about 50 % TSN
being released. The residual mass is stabilized after ca 100 min. Then the whole
decrease in volatile components reaches 80 % of the initial amount of Diesel fuel.
These findings were used in preparation of standards and calculation of
concentrations of gaseous components of Diesel fuel, which then served for
quantitative evaluation of both the model and unknown gaseous mixtures by
means of gas chromatography. 

Instruments and Apparatus Used

The field analyses of gaseous mixtures of air with volatile crude oil products were
performed with the portable analyser ECOPROBE 5 (RS Dynamics, Prague)
equipped with IR detector. The scheme of this instrument is presented in Fig. 2.
The detector contains a source of IR radiation, whose rays are directed into the
through-flow cell, where the IR radiation is absorbed in accordance with the
absorption bands of the given components. The remaining radiation passes through
four optical filters and reaches four sensors. Three filters transmit only specific
wavelengths of the radiation characteristic of carbon dioxide, methane and
hydrocarbons. The fourth sensor and its optical filter have reference function. The
measuring range of the indication sensors lies in the range of 0-500,000 ppm with
the detection limit of 50 ppm. The sensor providing information about the total
content of hydrocarbons has been calibrated for methane by the manufacturer.

Fig. 2 Scheme of IR detector in portable analyser ECOPROBE 5

The concentrations of model gaseous mixtures of air with crude oil
hydrocarbons were also determined by means of gas chromatography using a
Chrom 5 apparatus equipped with a flame-ionization detector (Laboratorní
přístroje, Prague). Argon was used as carrier gas. Separations were performed on
packed column (DC 200). For analysis of petrols the temperature of injector was
160 °C, temperature of oven was 150 °C and temperature of detection was 120 °C.
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Analysis of Diesel Fuel was performed at the temperature of injector 180 °C,
temperature of oven 180 °C and temperature of detection 150 °C.

Results and Discussion

Calibration of Analyser ECOPROBE 5 for Gaseous Mixtures of Motor Fuels 

Since the IR detector channel that measures the total content of hydrocarbons had
been calibrated with methane by the manufacturer, it was necessary before
practical measurements to calibrate this sensor with a real mixture of hydrocarbons
which are to be monitored in the field measurements. Therefore, the calibration
curves were determined for both petrol and volatile substances present in Diesel
fuel in order to represent the dependence of values provided by ECOPROBE 5 in
ppm regime upon the real concentration of analyzed substance in mg m–3. In the
cases of the petrol types Natural 95, Natural 98, Special 91, Special 100 and Shell
V-Power Racing, the gaseous mixtures of various concentrations of hydrocarbons
were prepared by addition of 200 :l liquid substances into a bag which contained
a small amount of pure air. After subsequent short heating, air was added into the
bag, and the mixture was left to homogenize for a period of 5 min, the temperature
being adjusted at (25 ± 2) °C. The mixture prepared was analysed quantitatively
by means of gas chromatography, whereupon the bag content was analyzed with
the ECOPROBE 5 apparatus. Further gaseous mixtures were prepared by diluting
the gas in the bag with pure air, and then they were analyzed by both above-
mentioned methods. Plotting of the dependence between the response of IR
detector in ppm regime and the real concentration of petrol in the gaseous mixture
provided the calibration curves given in Fig. 3.

Figure 3 shows that there are only small differences between the individual
regression curves; these differences may be due to experimental error of the two
analytical methods adopted. Therefore, it was decided to create a single calibration
curve taking into account all the experimental points and apply it to evaluation of
concentrations of petrol vapours of all the petrol types examined. The equation of
this summary calibration curve reads as follows

where y stands for the IR detector response presenting the total content of
hydrocarbons in ppm units on the basis of the manufacturer’s calibration using
methane, x is the real concentration of petrol in mg m–3 and R is the regression
coefficient.

In order to verify correctness of the above-mentioned equation, a series of
model gaseous samples of individual sorts of petrol was prepared; also prepared
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Fig. 3 Calibration dependence between values obtained from ECOPROBE 5 in ppm
units and real concentration of petrol vapours in mg m–3 units

was a mixture of Natural 95 and Special 91 in the ratio of 94.2 : 5.8 chosen on the
basis of statistical data about consumption of petrol in the first half of 2007 [28].
First, their concentration was determined by means of gas chromatography in the
range of 3 051-13 578 mg m–3 and then by means of the portable analyser giving
the readings in ppm units (calibrated with methane); the later data were
transformed into real concentrations of petrol in mg m–3 units using the above-
given calibration equation. The results are presented in Table I, where it can be
seen that the concentrations determined by means of the analyser ECOPROBE 5
differ from those obtained by means of gas chromatography by less than 10 rel.
percent, which can be considered as acceptable in gas analysis. 

The model gaseous mixtures of air with volatile components of Diesel fuel
to be analyzed with ECOPROBE 5 were prepared by adding various amounts
(100-300 µl) of Diesel fuel into a bag containing a certain volume of air,
whereupon the volume of bag was made up with air. Since the formation of
equilibrium concentration of volatile components is very lengthy at room
temperature, the actually formed mixtures were analyzed by both methods: always
0.5 ml was withdrawn from the sample sucked by the analyzer, and this aliquot
was submitted to gas chromatography. The graphical record produced by the
analyzer (see Fig. 4) shows that the gaseous mixture has a constant composition
throughout the period of measurements (tens of seconds). Plotting of the data
obtained from ECOPROBE 5 against the real TSN concentrations [mg m–3]
obtained from gas chromatography gave the calibration curve whose equation
reads as follows
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Table I Comparison of results of petrol vapour concentrations obtained from gas
chromatography with those measured by means of analyser ECOPROBE 5 and
transformed using above given regression equation

Petrol sort Sample No. Concentration
determined by
means of GC

mg m–3

Concentration
determined by

means of analyzer
mg m–3

Error
%

Natural 95

1 9280 8791 –5.28

2 6992 6683 –4.41

3 3051 2989 –2.03

Natural 98

1 7756 8362 7.81

2 5654 6103 7.93

3 4132 4296 3.96

Special 91

1 8830 8146 –7.74

2 7811 7172 –8.18

3 5604 5635 0.56

Special 100
1 9840 10699 8.73

2 7741 7908 2.15

3 5183 5478 5.70

Shell V-Power
racing

1 13578 13197 –2.81

2 8147 7802 –4.24

3 5356 4945 –7.68

Note: Results are calculated from three repeated analyses

where y stands for the IR detector response giving the total content of
hydrocarbons in ppm on the basis of the manufacturer’s calibration using methane,
x is the real concentration of TSN in mg m–3.

This relationship enables transformation of the analyzer ECOPROBE 5
readings into correct estimation of contamination of the atmosphere with volatile
components of Diesel fuel, which can be seen in the results presented in Table II.
The table shows that the results obtained from ECOPROBE 5 and the above-given
calibration equation differ from those obtained from gas chromatography by less
than 12 rel. percent, which can be considered satisfactory in gas analysis.
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Fig. 4 Graphical record showing constant composition of mixture of air and Diesel fuel
in bag during analysis with ECOPROBE 5. ABC ! the name of Locality; Inc, X,
Y ! GPS parameters; O2 – oxygen concentration;T – temperature; P ! absolute
ambient pressure; PID ! result of photoionization detector, concentration (units
ppm); Meth ! result of IR Methane channel, concentration (units ppm); T.P. !
IR Total Petroleum channel, concentration (units ppm); CO2 ! IR CO2 channel,
concentration (units ppm)

Table II Comparison of concentrations of volatile components of Diesel fuel determined by
means of gas chromatography with those obtained from ECOPROBE 5 and above
given calibration equation

Sample No. Concentration
determined by
means of GC

mg m–3

Concentration
determined by means

of analyzer
mg m–3

Error
%

1 7124 6712 –5.79

2 3979 3502 –11.99

3 2842 3021 6.31

4 3032 2915 –3.84

5 2577 2299 –10.79

Note: Results are calculated from three repeated analyses
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Practical Applications

After the analyser ECOPROBE 5 had been calibrated, it was used for monitoring
of the volatile components escaping from motor fuels, particularly during their
pumping into tanks of cars. The samples were collected at the distance of ca 10 cm
from the tank opening. The data obtained were automatically stored into the
memory, whereupon the analyser ECOPROBE 5 was reset (zeroized) and thus
ready for next measurements.

Table III Results of analyses in practical application of analyser ECOPROBE 5 during operation
of petrol station

Measurement
No.

Site of sample
collecting

Atmospheric
pressure

kPa

Temperature
°C

ccalibr.eq.

mg m–3

1 Background of
petrol station

97.57424 25.77 Below LOD

2 b 97.57957 25.21 c

3 a 97.56224 25.55 620

4 a 97.55024 26.00 4457

5 a 97.53691 26.01 8811

6 a 97.55158 26.26 17198

7 a 97.55158 26.34 Below LOD

8 Tank opening 97.67556 20.61 c

9 5 cm from tank
opening

97.68890 20.96 14212

10 a 97.67823 20.82 10744

11 15 cm from
tank opening

97.67556 20.69 7557

12 a 97.53558 26.01 c

13 a 97.54891 26.11 11254

Notes: Samples from 2 to 11 – petrol Natural 95 and samples from 12 to 13 – diesel fuel; a – 10
cm from tank opening; b – 10 cm from canister opening; c – values exceed range of calibration
curves; LOD – limit of detection of device used

The concentrations of petrol and Diesel fuel were evaluated from the data
measured in ppm regime and transformed by means of the above-given calibration
equations. The results obtained are presented in Table III. Since the dispensing
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nozzle of petrol station is equipped with efficient exhaust of petrol vapours, it
could be presumed that the escaping of volatile substances during pumping the
motor fuel would be negligible. Our measurements have shown that this
expectation is only fulfilled if the dispensing nozzle is properly inserted into the
car tank opening, which was the case in the measurements No. 3 and No. 7. The
concentrations measured here were minimal. In the other cases (Nos. 4-6 and 12),
the drivers inserted the dispensing nozzle improperly and the contamination values
measured were high. In the measurements Nos. 2, 8, and 12, the concentration
values are not given because the IR detector response exceeded the range of
calibration curve. The table also shows that during filling of motor fuel into a 5-
liter canister (measurement No. 2), when the analyzed gas was sucked at the
distance of 10 cm from the canister opening, the amount of escaping vapours of
Natural 95 was so high that it exceeded the measuring range of analyser
ECOPROBE 5. The reason was probably in the fact that the pumping of motor fuel
was not continuous, and the dispensing nozzle did not fit tightly in the canister
opening. In this case the exhausting of vapours was almost inefficient. 

The measurements Nos. 8-11 simulated the situation when the car tank
opening remains open for a certain period of time, and the volatile hydrocarbons
escape into the atmosphere. The analyser analysed samples taken directly at the car
tank opening and at the distances of 5, 10, and 15 cm from it. The IR detector
responses and therefrom subsequently evaluated concentrations decreased with
increasing distance, which confirmed the fact that the results measured strongly
depend upon the choice of site for collecting the samples.

The measuring instrument ECOPROBE 5 was successfully applied to
practical analyses of the atmosphere at petrol stations. On the basis of preceding
calibration of the analyser, it was possible to determine real concentrations of
refinery products in gaseous samples. 

Conclusion

Mobile analytical techniques enable not only checking of quality of the
environment, but they also can fulfil preventive tasks and/or help operationally
deal with ecological accidents. Their application requires serious attention to be
given to the selectivity of measurements and correctness of the results obtained.
One of possible ways of calibration is described above: it uses a real mixture and
can be performed in advance and used if needed.



164 Chýlková J. et al./Sci. Pap. Univ. Pardubice Ser. A 16 (2010) 153–165

Acknowledgements

This communication has been elaborated with financial support provided by
Ministry of Environmental Protection SP/4i2/60/70 and by Ministry of Education,
Youth and Sports MSM 0021627502.
 

References

[1] Ras-Mallorquí M.R., Marcé-Recasens R.M., Borrull-Ballarín R.: Talanta 72,
941 (2007).

[2] Santos F.J., Galceran M.T.: Trac-Trends Anal. Chem. 21, 672 (2002).
[3] Dewulf J., Van Langenhove H.: J. Chromatogr. A 843, 163 (1999).
[4] Helmig D.: J. Chromatogr. A 843, 129 (1999).
[5] Grall A.J., Sacks R.D.: Anal. Chem. 71, 5199 (1999).
[6] Zhou L., Zeng Y., Hazlett P.D., Matherne V.: Anal. Chim. Acta 596, 156

(2007).
[7] Eckenrode B.A.: J. Am. Soc. Mass Spectrom. 12, 683 (2001).
[8] Syage J.A., Nies B.J., Švand M.D., Hanold K.A.: J. Am. Soc. Mass

Spectrom. 12, 648 (2001).
[9] Chiriac R.E., Lornage R., Fine L., Care J., Gass J.L., LagierT.: Int. J.

Environ. Anal. Chem. 87, 43 (2007).
[10] Na K., Kim Y.P.: Atmos. Environ. 35, 2603 (2001).
[11] Later D.W., Lee M.L.: J. Am. Soc. Mass Spectrom. 19, 1425 (2008).
[12] Ketola R.A., Kotiaho T., Cisper M.E., Allen T.M.: J. Mass Spectrom. 37, 457

(2002).
[13] Smith D.,  Španěl P.: Mass Spectrom. Rev. 24, 661 (2005).
[14] Ras M.R., Borrull F., Marcé R.M.: Trends in Analytical Chemistry 28, 347

(2009).
[15] Syage J.A., Hanning-Lee M.A., Hanold K.A.: Field Anal. Chem. Tech. 4,

204 (2000).
[16] Diaz J.A., Giese C.F., Gentry W.R.: Field Anal. Chem. Tech. 5, 155 (2001).
[17] Patterson G.E., Guymon A.J., Riter L.S., Everly M., Griep-Raming J.,

Laughlin B.C., Ouyang Z., Cooks R.G.: Anal. Chem. 74, 6145 (2002).
[18] Blain M.G., Riter L.S., Cruz D., Austin D.E., Wu G., Plass W.R., Cooks

R.G.: Int. J. Mass Spectrom. 236, 91 (2004).
[19] Riter L.S., Peng Y., Noll R.J., Patterson G.E., Aggerholm T., Cooks R.G.:

Anal. Chem. 74, 6154 (2002).
[20] Ouyang Z., Wu G., Song Y., Li H., Plass W.R., Cooks R.G.: Anal. Chem. 76,

4595 (2004).
[21] Ueno Y., Horiuchi T., MorimotoT., Niwa O.: Anal. Chem. 73, 4688 (2001).
[22] Ueno Y., Horiuchi T., Niwa O.: Anal. Chem. 74, 1712 (2002).



Chýlková J. et al./Sci. Pap. Univ. Pardubice Ser. A 16 (2010) 153–165 165

[23] Ueno Y., Horiuchi T., Tomita M., Niwa O., Zhou H., Yamada T., Honma I.:
Anal. Chem. 74, 5257 (2002).

[24] Ueno Y., Horiuchi T., Niwa O., Zhou H., Yamada T., Honma I.: Sens. Mater.
15, 393 (2003).

[25] Ketola R.A., Kiuru J.T., Tarkiainen V., Kokkonen J.T., Rasanen K., Kotiaho
T.: Anal. Chim. Acta 562, 245 (2006).

[26] Goldthrop M.D., Lambert P.: Journal of Hazardous Materials 83, 135 (2001).
[27] RS Dynamics, Earth Science & Security Equipment. Available from

http://www.rsdynamics.com/.
[28] <http://download.mpo.cz/get/32636/ 36211/403913/ priloha001.pdf>,

downloads in April, 2008.





1 To whom correspondence should be addressed.

167

SCIENTIFIC PAPERS
OF THE UNIVERSITY OF PARDUBICE

Series A
Faculty of Chemical Technology

16 (2010)

ASPECTS CONCERNING ATTRACTIVENESS
OF COMPANY AS EMPLOYER 

Marie BEDNAŘÍKOVÁ a1, Martina LINHARTOVÁa

and Jaroslava HYRŠLOVÁb
aDepartment of Economics and Management of Chemical and Food Industry,

The University of Pardubice, CZ–532 10 Pardubice,
bCollege of Economy and Management, CZ–158 00 Prague

Received September 30, 2010

The article discusses selected aspects of attractiveness of a company acting in the
capacity of an employer. The company attractiveness is determined by corporate
culture, which defines the specific nature of each company and its activities. The
basic element of corporate culture is corporate strategy; some theories view
corporate culture as an effective instrument of strategic management. The
attractiveness of a company as an employer is further affected by a number of
factors from the area of the human resources management strategy (e.g. the
process of recruiting and selecting employees, employee stimulation methods,
company educational system, opportunity for teamwork, level of communication
in a company, health and safety at work) and the utilization of voluntary
instruments (activities), which are used by a company to declare its
environmentally friendly approach and respect of sustainable development
principles in the course of its business activities. This article also includes basic
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results of research performed in companies, which are members of the Czech
Association of Cleaning Stations (CACS). 

Introduction

High-quality human capital is very valuable and important for each company and
its success. It can be utilized by a company to create the very important
competitive advantage on the market. Companies should pay a great deal of
attention to their existing as well as potential employees. To acquire new and
retain existing key employees, a company must be attractive for them. It generally
applies that not only companies choose their employees but employees also choose
companies, for which they are going to work. Naturally, applicants are
considerably disadvantaged during the periods of higher unemployment and
economic crisis; however, if a company comes under the impression of an
immediate advantage, it will suffer from this in the future. 

The objective of this article is to identify and discuss selected aspects
concerning attractiveness of a company as an employer. Potential employees select
their employer based on the perception of such employer on the outside, the way
it presents itself, the references of existing and former employees, etc. The
attractiveness of an employer is assessed according to certain criteria, which
include, for example, stimulation and remuneration method of employees,
possibility of career growth, approach of a company to safety at work, promotion
of teamwork, and many others. Undoubtedly, these also include an overall level
of corporate culture. It is obvious that there are certain elements within the
structure of corporate culture which are easily noticeable (the most noticeable are
artifacts, less noticeable are values and positions of a company) on the outside of
the company (i.e. by potential applicants as well), and such elements may play a
crucial role when assessing attractiveness of a company as an employer. If an
employee takes the first job in spite of the fact that the company is not too
attractive for such employee (e.g. due to the fact that no other job opportunity
arose), we can hardly assume that he/she would stay in the company longer than
absolutely necessary. A company with “unhealthy” level of corporate culture will
sooner or later lose its employees. The article also includes basic results of
research relating to attractiveness of a company as an employer performed in
companies, which are members of the Czech Association of Cleaning Stations
(CACS). 
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Selected Aspects Concerning Attractiveness of Company as Employer 

The significant element affecting the attractiveness of a company as an employer
is, without any doubt, corporate culture. The company management should realize
that the company actually competes with other employers on the labor market for
the sympathy of employees (both existing and potential) and that the level of
corporate culture may represent a significant advantage, which could ensure that
the company wins over a high-quality employee. With regard to existing
employees, the company should manage and develop corporate culture in a manner
which would result in a satisfied and loyal employee at every single working
position. 

Lukášová [1] states that the impact of corporate culture within a company
is not isolated as it interacts with other subsystems, which mainly include
corporate strategy and organizational structure. The present turbulent
environment often requires companies to conduct in a flexible manner and to have
flexible strategies in order to flexibly react to changes in the environment and to
foresee or even actively create such changes. The relation of corporate culture,
strategy, and environment may be described as follows (see Fig. 1). 

Fig. 1 Relation of strategy, culture, and environment [1] 

It is clear that corporate culture affects not only the formation of the strategy
itself, but also the content and implementation thereof. Dytrt [2] states that the
higher correspondence of corporate culture and selected corporate strategy, the
better results a company may achieve. However, according to Lukášová [1], an
absolute identity is not suitable, because certain degree of conflict creates room
for the formation of new strategies. On the other hand, it is obvious that if a
company has strong corporate culture, which is not consistent with the selected
strategy, it would be very difficult for such company to achieve its strategic goals.
It is necessary to understand that there is a mutually determining relationship
between strategy and corporate culture. The content of culture affects the
formation, content, and execution of strategy; the content of strategy leads to the
formation of certain type of culture. 

Specialized literature more and more presents an opinion that the human
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resources management strategy is a key element for companies’ success. Livian
and Pražská [3] mention three models of the human resources management: 

! The first model, which had dominated for a long time, emphasizes the
management instruments. In this situation, the human resources management
relies on rational decision-making, which is ensured by general directors and
by the company’s economic strategy. This model was mainly applied to the
management of socialist enterprises. However, it is necessary to point out that
it still, in a way, persists in the management of many newly formed companies
in the post-communist countries. 

! The second model focuses on negotiation and decision-making of managers
and seeks compromises between social and economic goals. This model was
being developed in 1970s in North-American and European companies. With
regard to the Czech Republic, it is possible to mention Tomáš Baťa, who
applied this model in his company in Zlín in 1930s. 

! Finally, the third model respects the fact there may be various contradictions
and tensions in respect of economic, social, and human goals. 

According to Stýblo [4], the planning of human resources ensures the right
people in the right place within an organization; therefore, the content of the
human resources strategy should comprise the following areas: 

! Selection process; 
! Education of employees; 
! Motivation and stimulation of employees, with an emphasis on their

development; 
! Teamwork; 
! Communication;
! Health and safety of employees at work. 

Urban [5] provides the following rules for healthy corporate culture: a
company should operate as a team, should promote open communication, and
should create strong motivation and organizational identity. Therefore, the
company should focus on the management of such areas in order to have satisfied
and loyal employees, who are an essential premise of healthy corporate culture;
this naturally results in higher value for customers. It is clear that in the case a
company wishes to have healthy corporate culture, which is one of the pillars of
a company’s success, it must sufficiently focus on the management of individual
areas of the human resources management strategy. According to Bednaříková [6],
it is likely that an unsatisfied employee will finally “lead” to an unsatisfied
customer. In the case a customer meets an emotionally negative employee in any
link of the supply chain, we can hardly assume the customer will receive the
expected value. This can frustrate all efforts of a company. 
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Armstrong [7] states that the general goal of acquiring and selecting
employees should be to recruit such number and such quality of employees, which
are desired for a satisfactory fulfillment of the company’s need for human
resources, all this while expending minimum costs. 

According to Stýblo [4], it is first necessary to identify the necessary
capabilities for a correct selection of employees; companies should select
employees according to their attitude and then according to their skills, because
individual’s conformity with the values and culture of an organization is crucial
— i.e. the so-called “psychological contract” between an individual and a
company. In the case a company correctly organizes and prepares the employee
selection process, it can find out what an applicant expects from his/her future job
and what he/she intends to offer to his/her employer. Furthermore, this will assist
the company in revealing the harmony/disharmony between the views of an
employee and the corporate culture. Thorough selection process may be
demanding in respect of time and financial resources. However, if the risk of
wrong selection is high, such resources are necessary. 

Stachová [8] states that the data necessary for the selection of employees are
mainly collected with the use of psychological methods (e.g. graphology analysis
of an applicant’s written application, analysis of his/her report card, analysis of the
former employer’s evaluation etc.) and psycho-diagnostic methods (e.g. sensory,
personal and/or kinetic tests). 

Crucial part of the employee selection process is an interview with an
applicant. The company management should bear in mind that this primary contact
plays an important role not only for the employer, but especially for a potential
employee. For this reason, the interview should take place within a pleasant
environment, positive atmosphere, and on a professional level. According to
Bednaříková [6], the right employee selection process represents the first step in
preventing undesired fluctuation. 

The key objective of education of employees is for a company to increase
its human capital in value as it is a company’s most valuable asset. It is necessary
to realize that company education is one of the employee benefits, because
education results in the fulfillment of the needs of both the company and its
employees, as the satisfaction and competitiveness of employees increase both on
the intra-company and external labor market. According to Bednaříková [9], the
development of employees is not just one of many forms of employee care. Today,
it also takes on the role of information/knowledge creator and provider of dynamic
level of education. In order to create, manage, and allocate knowledge where it can
be applied in the best possible manner, it is necessary to establish such corporate
culture, which is based on information sharing and permanent learning. 

The principal condition for success and effective performance of a company
is, without any doubt, qualified and educated top management (as a source of the
company’s competitive advantage), which promotes educational system of all
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employees based on their capabilities. For this reason, some companies invest
considerable resources in the area. According to Lošťáková [6], the success of
companies depends on their ability to convert acquired knowledge, skills and
experience of staff into competitive products and services. The situation in some
Czech companies in the area of employee education is not satisfactory. 

If companies ask the highest possible performance from their employees, it
is necessary to pay a great deal of attention to the most suitable methods of
employee stimulation using such tools, which will result in the desired motivation.
Only highly motivated employees will identify with company goals and will be
willing to adapt their personal goals to them. According to Armstrong [7], the
motivation theory explains why people behave in certain manner at work, why
they make specific efforts. Herzka [10] states that most negative causes, which are
reflected in the work performance, are related to motivation. The causes of
behavior of employees represent a difficult issue, which requires more and more
attention of both economists and psychologists. 

Stachová [8] provides the following diagram of the motivation process (see
Fig. 2).

 

Fig. 2 Motivation process model [8]

The stimulation process is much more difficult than managers of individual
companies sometimes realize. It would be absurd to believe that a single approach
to stimulation will suit all employees. According to Khelerová [11], for example,
salary tends to be less important for higher and top management. They prefer the
possibility for self-fulfillment, achievement of success, career, and job content. It
is not that salary is unimportant; however, relevant remuneration is implied for
higher positions. Specialized literature offers several theories dealing with
motivation, such as Herzberg’s theory, Maslow’s theory, theory of justices, and
many others. 

According to Bednaříková [6], effective stimuli for other categories are
communication and overall awareness of employees, evaluation of employees’
complex performance, education, working relations or provision of corresponding
working conditions (e.g. health and safety at work, acceptable working hours,
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etc.). Hyršlová and Bednaříková [12] state that approach, form of communication,
applied management style, and the time and effort of management and personnel
specialists dedicated to other employees of a company will reflect in their
motivation and overall performance. 

To establish healthy (or rather ideal) corporate culture in a company, the
company employees must operate as a team. The presumption of this system
functioning is that team members trust each other, support each other, and together
strive to achieve company goals. Individual employees must understand their role
within the company. Achievement of the situation, in which a company operates,
is first and foremost the task of its management. According to Urban [5], team
organization and utilization of teams have lately been more and more common.
However, a group of people does not always behave as a team, even though it is
labeled as one. 

Implementation of teamwork makes sense if it can increase the performance
of employees working individually, decrease costs, accelerate communication and
make it more effective, improve decision-making etc. Appropriately introduced
teamwork may serve as a tool for decreasing workloads, increasing entrepreneurial
thinking, and work devotion and satisfaction of employees themselves. 

A team represents a certain group of people, which is formed deliberately
for fulfilling certain goal, usually for a specific period of time. However, even a
permanent operation of teams within a company is not an exception. Team
members are appointed irrespectively of their position within a company and
should have an equal position in a team. Team members are responsible for
contributing to the achievement of set goals on the basis of their knowledge and
skills. 

Company communication plays an irreplaceable role in forming the
standpoints of employees in respect of a company. Company communication is
mainly used as a tool, which can be utilized by managers to affect work positions,
activity, and behavior of employees with the use of their power and authority,
appropriately applied management style, effective methods of stimulation, and
remuneration. The level of company communication is based on the level of
corporate culture. According to Urban [5], healthy corporate culture presupposes
open communication, timely and constructive resolution of any conflicts, listening
to others, focusing on the subject matter and ideas (not on their originator) and
willingness to compromise. The author views the effort of employees to cooperate
rather than compete as a display of healthy communication. It is very important for
the healthy communication to exist not only among employees on the same level
but also among superiors and inferiors [6]. 

According to Armstrong [7], two-way communication is mainly necessary
so that the management could continuously inform employees about individual
areas of corporate policy and company plans relating to such employees, and
employees could immediately share their opinions relating to the intentions and
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measures of the management. The intra-company communication strategy should
be based on the analysis of what the management wants to say, what employees
want to hear, and problems existing in the course of providing and receiving
information. Such analyses may be used to identify which systems are to be
formed and what educational programs are necessary for these systems to operate.
According to Armstrong [7], company communication systems include electronic,
written (company magazines, newspapers, bulletins, notice boards, etc.) and verbal
(meetings, group briefings, etc.) systems. 

The health and safety at work policies and programs are aimed at protecting
employees and other individuals affected by the company’s production/operations
from the danger related to their work or their association with the company. The
health at work programs deal with prevention of health damage due to working
conditions. According to Armstrong [7], it is necessary to achieve the highest
possible level of health and safety at a workplace, because elimination or at least
minimization of health and safety risks represents a moral as well as legal
obligation of employers. In the case the top management wants to prove it
addresses the protection of company’s employees it is necessary to prepare a
written health and safety at work policy. Furthermore, it must ensure all employees
are aware of such policy — i.e. it must communicate it well. Such policy
comprises [7]: 

1. Declaration of objective; 
2. Definition of means utilized to execute the given objectives; 
3. Rules applicable to all employees. 

The company’s fulfillment of values and goals in this area is examined by
the health and safety at work audit. 

Finally, the attractiveness of a company as an employer may be affected by
an involvement of a company in various voluntary activities (programs) aimed at
emphasizing the corporate social responsibility (see Ref. [13]). This includes, for
example, implementation and utilization of quality management systems,
environmental management systems, or the management systems of health and
safety at work. Companies also take part in the Corporate Social Responsibility
initiative (or the Responsible Care program). Through the participation in the
aforementioned programs and initiatives, a company demonstrates to its existing
and potential employees (as well as other stakeholders) its approach to
management and continuous improvement of quality, environmental protection,
health and safety at work, and other social aspects of business activities.
Companies thus declare their position on sustainable development. Long-term,
systematic application of responsible conduct in all three areas (economic,
environmental, and social) brings many benefits for the company, e.g. higher
economic growth, greater transparency of business operations, lower risk
management costs, better relations with external entities and other stakeholders,
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as well as higher loyalty and productivity of employees. Therefore, it concerns
long-term investments in the company development and in higher attractiveness
of a company as an employer. 

Basic Results of Research Performed in Member Companies of the CACS 
 
The research aimed at corporate culture from the perspective of the contemporary
management was carried out in the first half of 2010. It also addressed the area of
impact of corporate culture on the attractiveness of a company as an employer as
well as other aspects, which — in the view of respondents — affect the
attractiveness of a company as an employer. The research was performed with the
use of questionnaires. It approached the representatives of management in
companies, which are members of the Czech Association of Cleaning Stations
(hereinafter the “CACS”). The mission of the CACS is to contribute to higher
quality of products transported in cisterns, containers, and other bulk packaging.
The association is a full-fledged member of the European Federation of Tank
Cleaning Organizations (EFTCO) as well as a collective member of the
Association of Chemical Industry of the Czech Republic (SCHP ČR). The
following member companies of the association took part in the research [14]: 

! BOHEMIA CARGO, s. r. o.; 
! ESA, s. r. o.; 
! GS SOKOTRANS, s. r. o.; 
! HARVIS, s. r. o.; 
! Karel Nedorost – AQUTRUCK; 
! KOVOPROGRESS, spol. s r. o.; 
! Moody International, s. r. o.; 
! Pražské služby, a. s.; 
! SPETRA CZ, s. r. o.; 
! UNIPETROL DOPRAVA, s. r. o.; and 
! VADS, s. r. o.

The research resulted in the following basic conclusions: 

! Respondents stated that in their view, corporate culture significantly affects the
company’s performance. 60 % of respondents confirmed that the corporate
culture formation process is systematically driven by the company’s
management and described corporate culture as strong – i.e. strongly affecting
“life” within an organization. 80 % of respondents believe corporate culture is
in line with the company’s strategy. However, most companies (80 %) do not
perform the corporate culture audit – i.e. do not have any feedback on the
management effectiveness of the corporate culture formation process. 
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! Nine respondents believe they are attractive employers; however, only 4
companies have implemented a mechanism for assessing their position as an
employer (through questionnaires or personal interviews). All respondents
believe that corporate culture is one of the elements which can affect
attractiveness of a company as an employer. 

! With regard to the human resources management strategy, respondents believe
stimulation and remuneration method play the most important role in the
attractiveness of a company as an employer. Also important are:
communication, health and safety at work, and education process. 

! 80 % of respondents confirmed that, in their view, a company’s involvement
in voluntary activities and program positively affects the attractiveness of a
company as an employer. 

Conclusion

One of the important factors affecting the attractiveness of a company as an
employer is, without any doubt, corporate culture. The significance of corporate
culture is ever increasing in today’s highly turbulent environment. It is a factor,
which unambiguously affects the company’s performance and management
effectiveness of the given organization. It is one of the relevant pillars of
successful business operations. Generally speaking, it is a practical execution of
corporate identity. All employees of a company, including the top management,
take part in the formation of corporate culture. Corporate culture is one the soft
tools of management; it comprises certain basic elements, such as values,
standpoints, behavior standards, and artifacts. It can be subdivided into several
levels depending on the extent to which individual levels are visible for an
external observer. It is necessary to emphasize that corporate culture does not
always have to benefit a company. Sometimes, it can be a strong drag — e.g.
during a change management process, implementation of innovations etc.
Corporate culture must be seen in the context of the company’s strategic
management. Each company must realize that corporate culture affects not only
existing but also potential employees. 

To increase the attractiveness of a company as an employer, a company
must pay sufficient attention to individual activities, which are part of the human
resources management strategy. These activities affect the quality of the
company’s human capital. It is apparent from the performed research that the
companies in the area under review are well aware of this. They consider the
following aspects to be the most important in terms of the attractiveness of a
company as an employer: method of stimulation and remuneration of employees,
form of communication in a company, health and safety at work, and education of
employees. Also relatively important is the companies’ involvement in voluntary
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activities and programs, which are aimed at environmentally friendly operations
and at respecting other principles of sustainable development. 
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Over the past twenty years, maintenance has changed, perhaps more than any
other management discipline. Managers seek new methods that can be
implemented in their current maintenance systems or they strive for radical
change of the maintenance system. In recent years, TPM (Total Productive
Maintenance) and RCM (Reliability Centred Maintenance) have been
recommended as appropriate methods to improve maintenance. While the TPM
method has already been described in the literature and some examples of its
practical applications can be found, the second method (RCM) has not been
sufficiently clarified even in theory and so far it has not been fully implemented
in any of the Czech companies. It therefore seems helpful to state benefits of RCM
by way of the example of the selected maintenance system and to outline the basic
principles that should be observed in its application. 
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Introduction 

In the highly competitive environment, to be successful and to achieve world-
class-manufacturing, organizations must possess both effective manufacturing
strategies and efficient maintenance [1]. To support production, maintenance must
ensure equipment availability in order to produce products at the required quantity
and quality levels. This support must also be performed in a safe and cost-effective
manner [2]. 

Over the past twenty years, maintenance has changed, perhaps more than
any other management discipline. The changes are due to a huge increase in the
number and variety of physical assets (plant, equipment and buildings) which must
be maintained the world over, much more complex designs, new maintenance
techniques and changing views on maintenance organization and responsibilities.
Rapidly grows awareness of the extent to which equipment failure affects safety
and the environment and awareness of the connection between maintenance and
product quality, too. 

Maintenance people are having to adopt completely new ways of thinking
and acting, as engineers and as managers. Managers everywhere are looking for
a new approach to maintenance [3]. They seek new methods that can be
implemented in their current maintenance systems or they strive for radical change
of the maintenance system. The main goal of these changes is the improvement of
the maintenance performance in an enterprise. In recent years, TPM (Total
Productive Maintenance) and RCM (Reliability Centred Maintenance) have been
recommended as appropriate methods to improve maintenance; they can be used
separately or simultaneously. While the TPM method has already been described
in the literature and some examples of its practical applications can be found, the
second method (RCM) has not been sufficiently clarified even in theory and so far
it has not been fully implemented in any of the Czech companies. It therefore
seems appropriate to state benefits of RCM for improving maintenance by way of
the example of the current maintenance system in a selected company and to
outline the basic principles that should be obeyed in its application.

The main objective of this article is to define the possibilities of
improvement of company maintenance system by application of principles of
RCM. To achieve this primary objective, the following partial goals were defined:

! describe different approaches to the maintenance of production equipment
with a focus on new methods used in maintenance, in particular TPM and
RCM,

! cover the maintenance system currently used in selected manufacturing
facilities in the company of chemical industry and evaluate the current
application of the approaches to its improvement, 

! propose a modification of current maintenance system, applying the principles
of RCM.    
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The targets thus identified will be achieved partly on the basis of literature
research (analysis of literary data sources and the subsequent synthesis of
established facts) and partly using results from primary researches undertaken in
spring 2010. This qualitative survey was conducted in a company of the chemical
industry.

The main objective of the primary researches undertaken was:

! describe the product produced on a selected manufacturing equipment and its
customers, 

! identify the major problems arising from unplanned downtime of production
equipment, 

! map simultaneously carried out activities of planned maintenance on a
selected manufacturing equipment including their strategic and tactical
operational management method, 

! analyze repairs after a failure in terms of type, frequency and causes and
! identify the most serious failures, including possibilities of their elimination.

Primary data were collected using an interview method according to a
prepared interview script. The respondents were managers of sales, production and
maintenance departments and other workers with responsibility for planning and
realization of maintenance of the selected production equipment.

Theory 

Approaches to the maintenance and development of maintenance systems can be
divided into several developmental stages. Firstly unplanned (Reactive)
Maintenance or breakdown repair is the practice of caring for equipment when and
only when it is not functioning properly, and there is no particular person or
department responsible for it. Workers take action only if machine is broken and
cannot continue production. In such case production system capacity is reduced,
workers are idle which causes direct labor costs to rise. Because of urgency in
repairing equipment overall costs will increase [4-6]. This system is called
Corrective Maintenance. 

The first scientific approaches to maintenance management date from the
1950s and 1960s. At that time preventive maintenance was advocated as a means
to reduce failures and unplanned downtime. In many companies large time-based
preventive maintenance programs were set-up [7]. Planned Maintenance system
is always organized and always a person/department is responsible for keeping
records and taking action in case of breakdown. The necessary spare parts have
already been purchased and kept in inventory. Maintenance procedures and
manuals are always available. In this case machine downtime and the overall
maintenance costs are less than unplanned maintenance because it tends to reduce



182 Branská L., Šilhavá K./Sci. Pap. Univ. Pardubice Ser. A 16 (2010) 179–190

worker and machine idle time [5,6,8]. Preventive Maintenance (PM) is the practice
of tending to equipment so it will not break down and will operate according to
requirements. It entails understanding and maintaining all physical elements of
manufacturing so they consistently perform at the level required by design.
Preventive maintenance is the work activity that has been programmed on a
regular basis to inspect a system, uncover potential problems and make whatever
repairs are necessary to ensure that the system does not fail during normal
operation. The costs include personnel, inventory of parts and the lost time when
equipment is down for repairs [4-6,8].  In the 1970s condition monitoring came
forward, focusing on techniques which predict failures using information on the
actual state of equipment (e.g., luboil debris analysis, vibration monitoring) [7]
(Dekker 1996). This approach is called Predictive Maintenance. This proved to be
more effective than the large time-based preventive maintenance programs. In the
1980s the computer was brought to the maintenance function. Initially most
attention was paid to facilitating administrative processes, later on by making
management information readily available (e.g., the registration of the causes for
overtime); yet their influence on decision making was limited. An important
approach worth mentioning is Reliability Centred Maintenance (RCM) [7]. RCM
is defined by SAE Standard “Evaluation Criteria for Reliability-Centered
Maintenance (RCM) Processes” as “… a specific process used to identify the
policies which must be implemented to manage the failure modes which could
cause the functional failure of any physical asset in a given operating context.” In
the RCM approach, maintenance is carried out at the component level and the
maintenance effort for a component is a function of the reliability of the
component and consequence of its failure under normal operation. The approach
uses failure mode effects analysis (FMEA) and to a large extent is qualitative
[9,10]. Any RCM process shall ensure that all the following seven questions are
answered satisfactorily and are answered in the sequence shown as follows:

1. What are the functions and associated desired standards of performance of the
asset in its present operating context (functions)?

2. In what ways can it fail to fulfill its functions (functional failures)?
3. What causes each functional failure (failure modes)?
4. What happens when each failure occurs (failure effects)?
5. In what way does each failure matter (failure consequences)?
6. What should be done to predict or prevent each failure (proactive tasks and

task intervals)
7. What should be done if a suitable proactive task cannot be found (default

actions)? ([3]).

After these questions are answered, maintenance activities are optimized,
i.e. maintenance strategy is determined for each fragment of production facilities,
and activities are defined to ensure maximum reliability of the various parts of the
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production equipment (and in consequence of it, the equipment as a whole).
According to Moubray, RCM thus serves to find the economically optimal way of
maintenance of each manufacturing equipment in the long term [3]. 
At the same time, the Japanese evolved the concept of Total Productive
Maintenance (TPM) in context of manufacturing [10,11]. Total Productive
Maintenance (TPM) is a well defined and organized maintenance program, which
places a high value on team work and continues improvement. Specific actions
required for restoring equipment to a like-new condition, having operators
involved in maintenance, training the labor force and, using the overall preventive
maintenance effectively [5,6]. A goal of TPM is to upgrade equipment so it
performs better than new ones. In TPM the maintenance responsibility is spread
over many departments such as production, engineering, and maintenance, and to
a range of people, especially operators and shop workers. In TPM, operators
perform basic equipment repairs and team of maintenance staff redesign and
reconfigure equipment to make it more reliable and easier to maintain [4,6,8]. Both
RCM and TPM view maintenance in the broader business context and take into
account the link between component failure and their impact on the business
performance [10].  

Experimental 

The primary research has studied the recently used maintenance system in selected
manufacturing equipment in the chemical industry. Manufacturing equipment
processes the output of the previous production process of the enterprise and
produces a product for sale to its customers (manufacturers of products for
construction industry). The product is made by mass, process production. The
main part of the manufacturing equipment is the reactor and accessories (pumps,
ventilators, gas piping, inlet and outlet pipes for the material, compressors and
coolers).  

Maintenance of the given production equipment is relatively important for
the enterprise because its failure means emergence of some serious problems,
especially: 

! The need to shift production to other production equipment, originally
designed to produce special products. However, it will cover only 25%
capacity of the monitored manufacturing device. Consequently, meeting
customer requirements is at risk.   

! The need to deliver products to customers in the required time and amount
using pre-sale from a competing manufacturer. This has a direct economic
impact on corporate profits, while the enterprise simultaneously puts at risk
its share of expenditures with individual customers.

! Establishment of stock at the entry to the production equipment and the need
to shutdown the previous process when reaching the storage capacity.   
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The enterprise assesses the importance of individual production facilities,
by the criteria of irreplaceability, importance of the product in the product line and
the frequency of failures. Based on this evaluation, the given manufacturing
equipment is assigned with a maintenance strategy. The monitored production
equipment is rated as indispensable and, consequently, the decision is taken on the
application of preventive maintenance. Within the maintenance, activities are
performed such as: 

! cleaning (after shutdown), 
! replacement of oils and lubrication (by the operators on the manufacturing

equipment),
! technical inspections 

• (partly by production equipment operators in which monitor noise and
leakage is monitored and vibration is assessed subjectively and

• partly by external maintenance workers, under which also minor
maintenance tasks are carried out, such as replenishment and replacement
of oils and tightening of valves and pumps seals). 

! Then, overhauls are carried out and 
! preventive repairs within the shut-down, based on findings during the removal

of production equipment and the results of predictive maintenance conducted
by company diagnostician.  

In the maintenance, the company utilizes both its own staff (operators on the
manufacturing equipment and maintenance staff), and maintenance outsourcing.
External service workers provide approximately 80 % of the maintenance. 

Preventive maintenance is planned; the planning is carried out in the
horizon of strategic, tactical and operational. In planning, it is necessary to respect
financial constraints though, and therefore the business makes use of deferred
repairs risk assessment methodology. If it is necessary to reduce the cost of
planned maintenance, repairs are excluded which pose only a negligible risk.
Subsequently, a plan of repairs is made, from which tasks are then directly derived
for both internal and external maintenance staff. If on the basis of applied
predictive maintenance a need arises of an originally unplanned repair, the plan is
corrected. The planned preventive maintenance activities then accumulate until the
shutdown of production equipment. Its activities are planned and regulated with
a shutdown schedule that is processed for each manufacturing equipment and for
individual departments. Maintenance tasks performed within the planned
preventive repairs are allocated in the form that also serve for the operational
maintenance records. Repairs check has several forms. Quality control is
performed of the work done as well as repair time process inspection. Also, a
report is compiled on the operation stop process, maintenance budget check and
the overall assessment of corporate maintenance using performance indicators for
maintenance. 
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Corrective maintenance is performed after it is reported, either immediately
or it is planned into activities of the nearest shut-down for repair. The most
significant failures on the manufacturing equipment (in terms of absolute
frequency) were identified by the company to be pump filter basket clogging and
steam pipe defects. The company strives to reduce the number of repairs after a
failure through the elimination of the aforementioned defects. A reserve pump was
acquired, so in the case of failure a repairing method can be applied of
“interchangeable manner”. Defects in the sealing could be solved by replacing the
sealing with the best commercially available seals. This seal, however, presents
risks in terms of health and safety at work. Therefore, the enterprise in the case of
the pipe rather applies the predictive maintenance, but the problem is that the
defect may occur at a place different from that where the diagnostics of the pipe
performed.      

Results and Discussion

If we evaluate the maintenance system of the given production equipment, we can
state that it is based on a combination of theoretical approaches outlined. It is
based on the preventive maintenance, which also includes elements of predictive
maintenance. At he same time, principles are also applied of the Total Productive
Maintenance approach, especially the autonomous maintenance (consisting of the
involvement of operators in simpler maintenance activities). Despite the
sophistication of the entire maintenance system of the selected manufacturing
equipment, however, the company does not avoid unplanned repairs, i.e. it is also
necessary to simultaneously apply the corrective maintenance. 

The company strives to eliminate unplanned shutdowns, but only through
the elimination of most frequent failures. However, evaluation of the importance
of individual failures should be comprehensive. It should be aimed at assessing the
overall impact of each failure on the company (in a similar way as it is done in the
context of enterprise-wide strategy in setting maintenance for each production
equipment). Overall, it can be concluded that the system of maintenance of
production equipment includes all the principles of theoretically cited approaches
to maintenance. Differentiation of the maintenance work is carried out only in the
enterprise-wide context, i.e. it concerns individual manufacturing facilities as a
whole. Application of RCM method could contribute to improving the
maintenance system of both the selected manufacturing equipment and the
company.  

Applying the RCM principles for maintenance of the selected production
equipment would appear very desirable because of its indispensability. This would
mean to convert the current maintenance system based on the standards of repairs
(which determine the frequency, scope and time of the repair) to the repair system
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favouring a response to the current status of the production equipment (measured
by the predictive maintenance). 

In modifying the current method of maintenance (of the selected
manufacturing equipment), the production equipment should be first identified as
a set (in terms of maintenance) of individual parts. Subsequently, failure rate is
assessed of these components and importance is examined of each failure. This
importance is not given by the frequency of failures, but by their overall impact
on the business. The objective of this evaluation is to estimate the risk posed by
each of the failures. In the evaluation, it is possible to use the Risk Assessment
Matrix. For each defect is determined: 

! the overall impact on the firm (in terms of safety, damage to property,
environment and the company goodwill) and

! the probability that a failure occurs. 

Table I     An example of Risk Assessment Matrix

Consequence Probability

1 2 3 4 5

A B C D E

People Assets Environment Reputation

No health
effect / Injury

No damage No effect No impact

Slight Slight Slight effect Slight

Health effect
/ injury

Damage Impact

Minor health
effect / injury

Minor
damage

Minor effect Local impact

Major health
effect / injury

Localised
damage

Localized effect Regional
impact

Permanent
total
disability

Major
damage

Major effect National
Impact

1 or more
fatalities

Extensive
damage

Massive effect World wide

1 – Never heard of in industry; 2 – Heard of in industry; 3 – Incident had occured in our company; 4 –
Happens several times per year in our company; 5 – Happens several times per year in location

In the impact of the failure on the goodwill of the company, the impact
should be considered on the most important key stakeholders, especially suppliers
and customers as well as the public in the neighbourhood of the business. The
example of Risk Assessment Matrix is shown in Table I.

If the size of risk is identified for each defect, appropriate activities are
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defined to eliminate the most serious failures (or to lessen their consequences).
Simultaneously, an optimal maintenance strategy is determined for each part of the
production equipment. For parts of the production equipment where there is a low
risk it is possible to use Corrective Maintenance System. In case of parts with the
most serious risk, it is appropriate to apply a maintenance system leading to
maximum reliability. 

If it is desirable to provide maximum reliability for specific parts of the
production equipment, the repair must be performed before the limit wear is
reached. To determine the actual date of correction, it is necessary to use:

! past data on the prevalence of individual failures (and to process it through
mathematical and statistical methods) and

! information about the current state, which can be identified using predictive
maintenance. 

The enterprise has already experienced predictive maintenance and could
therefore relatively easily define the technical parameters for monitoring the rate
of wear and also a place in which to perform this measurement. By the way of
example of the predictive maintenance application in the piping it is clearly
evident that the suitability of the parameter and the number of points at which the
measurement is made must be continuously reassessed. 

A fixed term of the repair should ensure high reliability of the production
equipment by exercising only the necessary amount of money for repairs. The
repair is carried out only when it is strictly necessary, but before the failure of the
manufacturing equipment.

Providing a different maintenance strategy for each part of the production
equipment that leads to different schedules of repairs would, however, involve
extending the total repair time (and reduce the time available for production). It
is therefore necessary to synchronize the performance of maintenance on the
components. This synchronization is provided in merging terms of repairs to one
term, or to a certain maintenance cycle. Generally, it is possible to adapt to the
shortest time, or to the maintenance cycle, and to plan a repair before the first limit
wear is reached. But it is also possible to apply the Theory of Constrain approach
and fix the date of repairs under the main part and to synchronize other
recommended deadlines with it. In this case, however, it is necessary to consider
the consequences of postponing the repairs, as postponing the recommended term
may lead to repair costs increase as a result of the damage that would have been
prevented by an earlier repair. It is therefore necessary to carry out a thorough
analysis of the results of synchronization of terms to repair individual parts with
the main part and then to apply measures in which it is possible. These measures
are to allow extending or shortening the time for repair. In an effort to extend, the
basic question is: What should be done to prevent the production equipment or its
part from exceeding the limit wear? For example, the material from which the
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manufacturing equipment is made may be replaced with higher-quality one, or
doubling of the device may be performed. Conversely, if it is desirable to make a
repair before it is recommended for the part, one may ruminate contrariwise and
make use a low quality material form which the spare part is manufactured. 

An extremely important part of the maintenance management is providing
the spare parts and materials for the maintenance. For the growth of maintenance
performance it is possible to apply a new system of inventory management of
spare parts which are not used by the enterprise yet. Especially for strategic spare
parts, Quick Response and Collaborative Planning, Forecasting and
Replenishment may be used as methods aimed at JIT-based stock replenishment.
The basis of these stock replenishment systems is the supplier’s response to the
current level of inventories. The supplier and buyer share the information on
planned maintenance, allowing suppliers to prepare the future need for spare parts.
They also share information on the current level of stocks and its approximation
to the ordering limit. At the instant it is reached, the customer makes an order or
the inventory is replenished directly by the supplier. Spare parts that are not
designated as strategic may be replenished based on demand forecasting.
Implementation of this method of inventory management of spare parts allows
readiness not only for the planned maintenance, but also for corrective
maintenance, whilst reducing maintenance costs. 

Conclusion

Based on the results of the primary research, it can be stated that the company uses
a maintenance system that is primarily aimed at preventing and combines several
theoretically described systems (Preventive Maintenance, Predictive Maintenance
and Total Productive Maintenance). By the example of selected production
equipment it is clear that despite the elaborateness of the current maintenance
system it is not possible to ensure full reliability of the production equipment.
Therefore, the enterprise must also apply corrective maintenance and then address
the problems resulting from the failure of the production equipment.
Implementation of the RCM method should significantly improve the reliability
of the production equipment.   

If it is successfully implemented, it is possible to expect not only greater
reliability of the production equipment, but consequently also greater continuity
of production processes and less loss of production, improvement of the supplier-
customer relations, reduction of the impact on the environment and increase of
safety at work. Another benefit for the enterprise will be a greater awareness of the
manufacturing equipment and involvement of more company workers into the care
of the production equipment. 

On the contrary, one can not say unequivocally that the implementation of
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RCM will bring significant cost savings in maintenance and if that happens, then
only in the long term. When considering the economic impact of the introduction
of the method, one should also take account of costs related to the actual
implementation of the new system. Generally, it is therefore recommended where
downtimes of the manufacturing equipment bring about extreme or significant
impact on the business, such as in companies seeking corporate and inter-company
interconnection of material flows, for example on the basis of Quick Response, or
Collaborative Planning, Forecasting and Replenishment or in companies with a
large number of environmental accidents. On the contrary, it is not suitable for
businesses with high share of the production equipment that is subject to revision,
since their maintenance is determined by legislative action. 

Nevertheless, an appropriate implementation of RCM, especially in
combination with TPM, contributes to improved corporate maintenance
performance and the company as a whole. It can therefore be expected that in the
coming years it will see expansion also in Czech, not just chemical, companies. 
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The choice of the discount rate is a crucial issue for evaluating projects with long-
term impacts. The paper deals with a calculation of a social discount rate for the
Czech Republic based upon the Social Time Preference Rate (STPR), from which
perspective the critical components of the STPR are: the elasticity of the marginal
utility of consumption, the growth rate of per capita real consumption, and
mortality based utility discount rate. Estimates turn out to be 1.36; 2.9 and 1.31
% respectively yielding an overall figure of 5.25 %.

Introduction

Cost-benefit analysis for project and policy evaluation proceeds in two steps. First,
one needs to estimate the costs and benefits of a project or policy at each point in
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time. Second, one needs to compare these costs and benefits across time. Time
discounting in the public sector remains a source of confusion and some academic
controversy. The very concept of a “social” discount rate, not revealed by the
market, is rejected by mainstream financial economics. Elsewhere the setting of
public sector discount rates equal to the commercial return on private investment
continues to have wide appeal. Both these approaches are flawed. More widely
favoured by experts in the field today is a rate derived as the sum of pure time
preference for marginal utility and a factor reflecting the decline in marginal utility
of income as per capita income increases. However, controversy continues about
pure time preference, especially in the absence of empirical data on people’s social
(as opposed to individual) preferences.

Cost-Benefit Analysis

The presence of market failures is usually considered, along with redistribution,
as the main rationale for public sector involvement in the economy. For instance,
whenever competition is imperfect, production or consumption generate
externalities, non-excludability and non-rivalry make impossible or undesirable
charging users for the provision of a good, then the government intervention can
in principle result in a more efficient allocation of resources thereby potentially
enhancing social welfare. When there is a case for public involvement, the costs
and the benefits of the envisaged intervention should be carefully identified and
compared in order to ascertain whether the latter are likely to outweigh the former.
This is the main aim of CBA as an evaluation tool to assist decision-makers to
make rational choices about public resources allocation. [1]

CBA is a policy assessment method that quantifies in monetary terms the
value of all policy consequences to all members of society. The net social benefits
measure the value of the policy. Social benefit (B) minus social costs (C) equal net
social benefits. [2]

Social Discount Rate

When evaluating government policies or projects, analysts must decide on the
appropriate weights to apply to policy impacts that occur in different year. 

The social discount rate, which measures the relative value of communal
consumption at different points in time, is one of the most critical parameters in
CBA and it is not surprising, therefore, that so much controversy has centred on
the concept of social discounting over the years [3].

Different discounting practices by governments have resulted in the
application of some widely divergent social discount rates (SDR) across European
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countries. In 2002, for example, the French rate, based on the marginal product of
capital, was 8% while the German rate, based on recent values of the real long-
term government bond rate, was just 3 %. The official rate for the UK, a
compromise between cost of capital and time preference considerations, was 6 %.
The French government followed suit in 2005 by reducing its official rate to 4 %.
There is near convergence now between the official discount rates of three
important EU member countries. [4] The Czech Republic has not decided to
follow any of existing concepts and usually follows recommended value by the
European Commission which does not necessarily have to precise. 

A major reason why the quality of CBA varies widely is inconsistent use of
the SDR. What is the foundation of a communal rate? There is a long-winded
debate in economic literature about this issue. There are, basically, four ideas [5]:

! the market rate of interest;
! the government borrowing rate;
! the social opportunity cost rate (SOCR);
! the social time preference rate (STPR).

Social Time Preference Rate

Long-lived projects typically involve a sacrifice of consumption by the present
generation in order to generate benefits for future generations. To decide whether
the sacrifice is warranted, society must weigh the current loss in consumption
against the future gains. Ramsey, Marglin and Arrow argue that society should
treat all generations’ welfare equally but should consider that future generations
will likely have higher per capita consumption than the current generations due to
ongoing economic growth. Consequently, assuming that consumption has
declining marginal utility, consumption by a future generation should have a lower
weight than consumption by present generations, where the rate at which the
weights decline over time is proportional to the growth rate of per capita
consumption - the higher the growth rate, the higher the SDR. [2]

The use of STPR as the social discount rate, supported by Marglin,
Diamond and Kay, is based on the argument that public projects displace current
consumption, and streams of costs and benefits to be discounted are essentially
streams of consumption goods either postponed or gained. Two alternative
methods have been suggested for empirical estimation of STPR. One is to
approximate it by the after-tax rate of return on government bonds or other low-
risk marketable securities. The second, more usual, is Ramsey formula.

Definition of Ramsey formula is basically based on CBA outcomes in
relation to Social Welfare concept. Primary CBA financial indicator is NPV (Net
Present Value). NPV can be defined as [6])
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(1)

where b is project benefits, c project costs, r SDR and t time.
For further analysis we assume that at any time t the net benefits from a

project  are available for consumption (Ct – consumption per capita).
Project NPV is then rewritten as

(2)

In equation (2) the discount rate r receives a second interpretation. It is the rate at
which the value of a small increment of consumption falls as time changes and,
hence, it is called consumption discount rate (CDR). Note now, that the social
discount rate — the rate with which we should discount to evaluate a public
project — is equal to the consumption discount rate.

To connect NPV with social welfare analysis there can be used additive
Paretian social welfare function (W), expressed by integration function or
weighting function of consumption in different periods, and consumption growth
in one period without fall in other period is considered improvement [7]

(3)

or

(4)

where U(t) is a time invariant utility function and D is the utility discount rate
(UDR). Utility function is defined by the equation

(5)

where 0 (0 # 0 < 4) is the elasticity of marginal utility with respect to
consumption.

The weight of utility from consumption declines over time with rate D. UDR
is the rate at which the value of a small increment of consumption falls as time
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changes. This brings out clearly that the CDR and UDR are different concepts with
a certain relation called Ramsey formula

(6)
or

(7)

where g or  is the growth rate of consumption per capita.

Utility Discount Rate (DDDD)

There is a great deal of discussion and controversy over what value(s) D should
take. It represents the rate at which society discounts future generations’ welfare,
even if all generations have equal consumption per capita (i.e. g = 0). It is usually
understood as a concept involving two components [8]

(8)

where * is Pure Time Preference Rate – PTPR and L is Changing Life Chance.
The first component in formula (8) is *, reflecting the rate at which individuals
discount future consumption over present consumption, on the assumption that no
change in per capita consumption is expected [9].

According to Spackman [10] some authors (Ramsey, Pigou, Solow, Kula,
Price, Broome and  Cline) are of the opinion that * = 0, for the reason that positive
* gives future generation benefits less value than the current one and such idea
consider ethically indefensible. Other authors (e.g., Arrow) object that a zero rate
of pure time implies a patently unrealistic level of investment. It implies,
regardless of the return on investment (provided the return is positive), a savings
rate of 1/0. A plausible value for 0 of around 1.5 % thus implies a savings rate of
about 2/3. [10] This was also Ramsey’s original outcome but such savings rate is
unacceptable [11].

Official methodical approach in Great Britain [9] and other authors (e.g.
Scott) suggest that long-run savings behaviour in the UK is consistent with a value
of * of 0.5 %. This component of the social time preference rate is the least
amenable to empirical analysis, but the literature suggests that the range is 0.0-0.5
% [12].

The second component, catastrophe risk (L), is the likelihood that there will
be some event so devastating that all returns from policies, programs or projects
are eliminated, or at least radically and unpredictably altered. Examples are
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technological advancements that lead to premature obsolescence, or natural
disasters, major wars, etc. The scale of this risk is, by its nature, hard to
quantify [9].

Thus some authors, such as Kula, look at the increasing risk of death for an
individual as they get older. While this will certainly be an important risk of death
for an individual to favour early consumption over later, it is far from clear what
role this should play in discussions about the discount rate. Another Newbery
focus on a death rate dividing by the population [8]

(9)

Estimates of the parameter D differ among authors and depend on the method of
calculation. Some studies use decomposition (* and L), others understand
parameter D as the whole. 

Elasticity of Marginal Utility (0000)

The parameter 0 represents a social evaluation of the intergenerational distribution
of income. It summarizes the key value judgment about how quickly the marginal
utility of consumption (dU/dC) declines as average consumption rises [2].

We assume a positive but strictly decreasing marginal utility of consumption
(diminishing marginal utility). Formally [8]

        (10)

but

        (11)

0 then measures the percentage rate at which the marginal utility falls for every
percentage increase in consumption. Formally

        (12)

The empirical work on 0 involves three fundamentally different approaches:
direct survey methods, indirect behavioural evidence and revealed social values.
For the purpose of this work, method revealed social values will be analyzed and
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used for SDR calculation. Although other methods have been used worldwide to
calculate 0, revealed social values have been found by the authors the most
understandable and easy to apply in practice. 

A suitable value for 0 may be revealed through government spending or tax
policies. For example, the extent of progressiveness in a country’s personal
income tax rates can be viewed as a reflection of the government’s degree of
aversion to income inequality (a measure of 0). According to Evans [13] Stern,
Cowell and Gardiner have produced estimates of 0 for the UK using personal
income tax data. In both cases, the tax structure is assumed to be based on the
principle of “equal absolute sacrifice of satisfaction” and, in common with most
researchers, iso-elastic utility functions are assumed. The model is set out formally
below [13]

        (13)

where T(Yt) is the income tax function reflecting the tax liabilities of and
individual, K is the constant and Yt taxable income.

Furthermore, if utility functions are typically iso-elastic, then

        (14)

Taking the total differential and logs of equation gives

        (15)

where t is the marginal tax rate and T(Yt)/Y is the average rate of income tax. 
Strengths of this approach are its conceptual simplicity and measurability,

and that it may also include concern about fairness as well as marginal utility; but
it has two evident limitations. The first comes from the idea that social concern
about contemporary inequality might differ from that about inequality over time
[10]. The second concerns the fact that de jure statutory tax rates may be quite
different from de facto paid tax rates. This is likely to be the case in countries
where tax evasion is a serious issue, particularly if individuals with different
income levels have different chances to evade [14].
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Other problem is when tax system is reformed too often and makes a
calculation of 0 more complicated for the reason of insufficiency of exact date in
a row in the timeline. For example, Czech tax reform held in 2008 brought to an
existence so called “super gross wage” which will influence a calculation of
marginal tax rate and make remarkable modification in calculation necessary. 

Annual Rate of Per Capita Real Consumption Growth (g)

It is not easy to predict an annual economic growth for period of 20 and more
years for any country. It is possible to base this prediction on the real economic
growth involving enough data to involve as many as middle-term economic cycles
as possible. Such analyses might be then a basis for a reasonable method of an
annual real consumption per capita rate tendency.

To estimate values of g, regression analysis is an ideal tool

        (16)

where Ct is real per capita consumption growth in t year, t is years and B constant.
A result of the regression analysis is a value g and a correlation coefficient or an
index of determination in the case of non-linear trends.

SDR Estimate for the Czech Republic

A calculation of D is based on formula (8) and as such will be understood as a sum
of two components, * and L. Estimate of * will be taken from the literature in the
amount of 0.25 as the middle value of the most common interval. According to the
Czech Statistical Office a death rate between 1997 and 2007 amounted to 10.6 (per
1.000 persons), i.e. L = 1.06. Based on formula (8), D = 1.31.

Parameter 0 will be calculated using Revealed Social Value method for its
data availability and possibility to compare results with European Commission
official recommendations coming from this approach as well. According to the
OECD statistics in the Czech Republic:

a) average wage was 250 262 CZK;
b) annual taxable income (Yt) was 218 979 CZK; 
c) the income tax: T(Yt) was 33 157 CZK.

Annual taxable income slightly exceed an interval (121 200-218 400 CZK)
for the marginal tax rate 20 % and therefore this rate can be regarded as t. Using
formula (15), 0 amounted to 1.36. This value reaches average value estimate 1.35
by Evans [4] for 20 OECD countries including the Czech Republic for which the
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interval was set to 1.22-1.36.
The Czech economy underwent a dynamic transformation period from the

beginning of the nineties. Due to this process there is not a sufficiency of relevant
data of a consumption development as in many other countries especially in the
EU-15. Formula (16) will be used to estimate parameter g, because it better
represent a trend and straightens variations than evolution or a division between
logarithms of the last and first value of population consumption. A referential
period is 13 years, 1995-2007. A coefficient of correlation R2 amounted to 0.9536
and shows a strong linear trend. A value of parameter g got from the regression at
value of 2.9 % can be considered (in respect to a quality of disposable data)
relevant, see Fig. 1.

Fig. 1 Calculation of the g parameter with linear regression method

Based on formula (6): r = 1.31 + 1.36×2.9 = 5.254, i.e. 5.25 %

Social discount rate for the Czech Republic based on STPR approach,
Optimal Growth Rate model and method of Revealed Social Values for the 0
estimate (2006 data) was estimated as 5.25 %.

Conclusion

The choice of the social discount rate plays a critical role in cost-benefit analysis
and project evaluation, and has been a subject of intense debate for the last several
decades. In a perfectly competitive world without market distortions, the market
interest rate is the appropriate SDR. In the real world where markets are distorted,
there are at least four alternative approaches in the choice of the SDR. Economists
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have not reached a consensus as to which is the most appropriate.
This work focused on STPR approach. That is because the European

Commission put an emphasis on this method in the process of evaluation when
subjects of public and private sector apply for the EU funds financial support. As
the major components of the STPR were indentified: the utility discount rate
(applied a risk of death indicator to estimate parameter L), the elasticity of the
marginal utility of consumption (applied Reveal Social Value method), and the
growth rate of per capita real consumption (applied regression analysis on the 13
years referential period). Final estimates turn out to be 1.31; 1.36 and 2.9 % with
overall figure of 5.25 %.

SDR 5.25 % is much closer to recent studies of SDR in the EU and is
supported by the European Commission recommendation.
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The costs of quality play an important role in the management system, as they
indicate the level of management in relation to quality, reveal potential
possibilities for savings and help to raise the effectiveness of the decision-making
in the area of quality management. The aim of this article is to present the pilot
project of the quality costs monitoring system in the production plant of a
company that produces ceramic tiling. The company is the largest manufacturer
of ceramic tiles and paving in the Czech Republic and one of the biggest European
manufacturers of tiling materials. 
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Introduction

Quality costs are perceived in various ways (with regard to historical development,
authors’ approach and the requirements of company management). Nenadál speaks
about quality costs as financial measurements in quality management systems. In
his approach, the quality costs are all financial resources that the supplier or
customer has to spend on the processes of the securing and/or improving of the
quality of its products [1].The definition provided by Wong corresponds to this
approach: The costs of quality are all costs spent by the company to ensure that
the overall concept of the product provided to the customer really meets their
requirements [2]. On the other hand, Crowley states that the costs of quality are
the difference between the current revenues and the revenues at the moment when
all customers are always satisfied [3]. The essence and importance of the
monitoring of the costs of quality as a management tool (and not just
quantification of value) was captured by Atkinson, who regards quality costs as
the link between quality management and financial targets and company
targets [4].

The content of quality costs — i.e. their internal structure (see, e.g., Refs [5-
7]) — is also perceived differently. As a rule, the formulation of the structure of
quality costs is based on the following prerequisites [3,6]:

! Low quality costs the company money, while good quality earns money for the
company. 

! It is usually cheaper to provide high quality products. The costs of
improvement are spent only once, while the costs of the removal of
insufficiencies and/or defects are spent repeatedly. 

! Each flaw (defect) has its cause; these causes may be removed – flaws
(defects) may be prevented. Prevention is always cheaper. 

! The cost incurred by the customer may be substantially higher than the cost
of the rectification of the defect; to satisfy the customer’s requirements, it is
not sufficient to monitor the company’s costs and revenues, but the costs that
the customer will have to spend on the product over its entire life cycle must
be monitored as well. 

In order to be able to play the role of a management tool (to provide
information that supports decision-making), the cost monitoring system has to
cover all substantial costs related to the quality management system in the
company, the costs of internal and external defects (i.e. costs of non-quality), as
well as the costs incurred by the users of the product. The system set in this way
forms an important part of the quality management (and management in general).
It enables the setting of an optimal quality management system, contributes
towards the elimination of costs related to low quality production and helps to
identify the possibilities for improvement and to optimise company activities
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(processes). In order for the cost monitoring system to be of benefit for the
company, significant cost items must be identified and relevant responsibilities
must be defined, with the aim of using the acquired data for the improvement of
individual corporate processes [3,5,8]. 

The company may use various models within the quality costs monitoring
system (see, e.g., Ref. [1]):

! PAF (Prevention, Appraisal, Failure) model. This model focuses on the
monitoring of the costs of internal defects, the costs of external defects,
control costs and prevention costs. 

! COPQ (Cost of Poor Quality) model. The model is based on the prerequisite
that the failure to meet the requirements causes substantial economic losses
to producers; the model recommends monitoring the costs of internal defects,
the costs of external defects, the costs of wasted investments and environment
damages (the costs incurred in relation to the non-compliance with
environment protection laws and its return to the original condition; these
include also the costs of the treatment of job-related illnesses etc.).

! Process costs model. The model works with the costs of compliance (i.e. real
cost for the transformation of inputs into outputs in the most effective manner)
and the costs of non-compliance (wasted time, material and capacities —
related to the creation of non-compliances within processes). 

! Lifecycle costs model. This model focuses also on the costs incurred by the
user; this model makes sense only by a limited group of products with
foreseen usage period of more than a year, where the costs of assembly,
operation and maintenance are not negligible in comparison to the acquisition
price of the product. 

The quality costs monitoring system is usually implemented in the following
steps [6,1,2]:

1. Appointment of team and proposition of the basic concept of the quality costs
monitoring system.

2. Presentation of the concept to top management.
3. Creation of implementation plan.
4. Selection of a part of the company for the pilot project.
5. Presentation of the aim of the system to the management of the part of the

company selected for the pilot project.
6. Identification of major quality costs and a proposal of their internal structure.
7. Collection of required data (available from the existing company information

system).
8. Proposal of the system output format.
9. Proposals of adjustments of the information system in the company so that

additional relevant data may be obtained. 
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10. Selection of a period for which the data will be collected and evaluated.
11. Compilation of a quality costs report (incl. assessment) and presentation of the

report to the management.
12. Modification of the monitoring system and cost reporting so that it supports

decision-making.
13. Implementation of the system into the entire company.
14. System maintenance (regular processing and reporting of the detected

information).

The entire quality costs monitoring system is useful only if the acquired
information is evaluated and used by the management to support the decision-
making processes in the company. 

The following text focuses on the system of quality costs monitoring in a
company that produces ceramic tiles. It presents the existing method used for the
monitoring of quality costs and proposals of adjustments, so that the system
depicts all major cost items related to the quality and represents an effective
management tool. The article presents the pilot project of costs monitoring in one
of the company’s production plants. The attention focuses on the identification of
major quality costs, the proposal of their internal structure and collection of the
required data (see steps 4-7 of the implementation process). 

Quality Costs Monitoring in the Company – Current State

LASSELSBERGER is a family company owned by Austrian group LASSELS-
BERGER GmbH Pöchlarn, which does business in the production of ceramic tiles,
as well as the mining and adaptation of raw materials and production of building
materials. LASSELSBERGER is currently the largest manufacturer and supplier
of ceramic tiles on the Czech market. Its products are produced and sold under two
business brands: RAKO and OBJECT objektová keramika. In 2008, the company
supplied over 27 mln m2 of ceramic tiles and pavings on all markets. Almost 11.4
mln m2 of ceramic materials were supplied to the Czech market. Europe remains
the traditional export market — Germany, Austria, France, as well as the
Netherlands and Scandinavian countries. The company’s aim is to maximise the
effort at satisfying the growing customer requirements. 

The quality management system in LASSELSBERGER complies with the
requirements of the ČSN EN ISO 9001:2009 norm. The company has created,
documents, applies and adheres to a quality management system and is continually
improving its effectiveness. The company has defined processes that secure the
activities of the quality management system, defined how they are applied, and
introduced their monitoring, if and where these processes may be measured and
analysed. 
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Systematic monitoring of quality costs is non-existent in the company. Only
the costs of complaints proceedings are regularly monitored and reported in the
company (they are included in the Quality Information Summary). The complaints
are sorted into complaints related to production flaws and complaints related to
shipment, i.e. logistic complaints (shortages, product exchanges, break-ups etc.)
The complaints are monitored acc. to period, plant, claim admittance, type of
defect, country, warehouse (in the case of logistic complaints) and customers. The
information is quantified in the amount of defects, m2 as well as CZK. The report
is discussed on management meetings. 

Pilot Project of Quality Costs Monitoring System (Selected PRODUCTION
PLANT)

One of the company’s production plants was selected for the pilot project, in line
with the progress of the implementation of the quality costs monitoring system
(see above). 

Characteristics of the Production Process, Quality Management and Cost
Monitoring System 

In order to be able to process a proposal for the monitoring of quality costs in the
selected part of the company, we had to become acquainted with the production
process in the plant, the methods used for quality management within production
and the existing production costs monitoring system. 

The production process in the plant consists of the following steps (see
Fig. 1):

1. Ensuring of input raw materials and their storage. 
2. Wet milling in mills – homogenisation of raw materials. From the mills, the

homogenised liquid mass is drained into reservoirs, from which it is
transported through pipes for further processing. 

3. Drying in a spray drier. Granulate with water content of cca 5.5 % is created.
This granulate is then taken from the drier into a reservoir. 

4. Press moulding. The granulate is transformed into a tile. The semi-finished
products are transported via conveyors from the pressing machines for further
processing.  

5. Preparation of engobes and glazes. Engobes and glazes are readied in a
separate production step. The amount of the waste created within the
preparation of the glazes is not known and/or controlled. It is estimated that
the waste amounts to ca. 9.5 % of the glazes and engobes put into the mills
and subsequently 5 % of the suspensions produced in the glaze preparation 
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Fig.1 Production process scheme [9] 

facility. 
6. Glazing on glazing lines. Here the engobe, glaze and print are applied to the

tile semi-finished product. All in all, the waste rate for the pressing and
glazing production steps is reported to be 2 % of the total production. The
production is monitored in the company in m2 and in tons. 

7. Firing in gas furnaces. The firing process takes 40-50 minutes. 
8. Product control and sorting. The products are divided into three categories,

which correspond to EN CSN 14411 (1st class, 2nd class and waste). The loss
from the quality check amounts to 5 % of the total size of the surface of the
production output. 

9. Packing and subsequent dispatch to product warehouse. 

The non-existence of waste in the classic sense of the word is a specific
feature of ceramic production. All non-quality (defective) products (semi-finished
or finished products) are recycled and put back into the first production phase. 

The entire production process is monitored through 18 checkpoints
(locations), where the product parameters are monitored and recorded and low-
quality (defective) products are excluded. The nineteenth checkpoint (location) is
the company laboratory. The location of the checkpoints within the production
process and their functions are depicted in Fig. 2 and Tables I-III. 

The monitoring of the flow of the material through the production is
currently done through ERP (Enterprise Resource Planning) within the SAP
system. According to the existing corporate management accounting system, the
production is divided into three cost centres (see Fig. 3):

! Mass (raw materials) preparation – includes raw material warehouse, milling
and drying;

! Glaze preparation and   
! Production – includes pressing, glazing, firing, quality check and sorting and

packing. 
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Table I Checkpoints – input control [9]

Operation Checkpoint No. Value Performed by

Plastic raw
materials

Raw materials
warehouse

1 Chemical analysis Company
laboratory

Moisture Company
laboratory

Firing shrinking

Absorbability

Non-plastic raw
materials

Raw materials
warehouse

2 Chemical analysis Company
laboratory

pH Plant laboratory

Frita Glaze warehouse 3 Look Company
laboratory

Microscope

Alkali

Leaches

Colouring devices Colouring devices
warehouse

4 Look Company
laboratory

Glaze Glaze warehouse 5 Dilatation
Chemical analysis

Company
laboratory

Fig. 2 Checkpoints (locations) within the production process [9]
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Table II    Checkpoints – interoperational check [9]

Operation Checkpoint No. Value Performed by

Preparation of
masses

Raw material shot 6 Weight Device operator

Calcite
management

7 Litre weight Device operator

Preparation of
masses

8 Sieve residue Shift foreman,
mate

Litre weight

Spray dryer (SD) 9 Chemical analysis Company
laboratory

Moisture / SD SD operator

Moisture / shot SD operator

Glaze preparation Raw material shot 10 Weight Mill operator

Glaze operating
laboratory

11 Sieve residue Plant laboratory,
operator

Litre weight Plant laboratory

Glazing

Litre weight Paste plant
operator

Flow Paste plant
operator

Sieve residue Paste plant
operator

Pressing plant 12 Strength control Device operator

Wedge-shapedness

Surface and edge
control

Dimensions

Rigidity Plant laboratory

Penetrometrics

Moisture of
pressing / dried
out pressing

Dimensions
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Table II – Continued

Operation Checkpoint No. Value Performed by

Glazing Glazing plant 13 Litre weight Glazing plant
operator

Weight of water

Weight of glazing

Weight of engobe

Flow

14 Layer

15 Visual control

Firing Oven 16 Dimensions Device operator

Curving

Look

Temperature curve Operator

Plant laboratory 17 Parameters Plant laboratory

Table IIICheckpoints – output control [9]

Operation Checkpoint No. Value Performed by

Palette inspection Sorting room 18 Complaints Output control

Inspection of
features

Laboratory 19 Qualities acc. to
EN 176, EN 159,
PZN

Company
laboratory

Identification of Major Quality Costs and Proposal of Their Internal Structure 

Given the nature of the production, the PAF model was selected for the monitoring
of the costs; the costs are sorted in classification to prevention costs, control costs,
costs of internal defects and costs of external defects. The content of individual
quality costs categories (incl. the characteristics of activities falling within
individual areas) is apparent from Table IV. 

The system collects and registers data about individual cost categories,
monitors the development of total quality costs, as well as individual cost items,
in the monitored period, and compares the share of individual cost groups on total
costs. The system provides information supporting decision-making, with the aim
of improving production and other company processes. 
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Fig. 3 Cost centres within monitored plant [10]

Table IV Quality costs structure [9]

Prevention
(prevention costs)

Control
(control costs)

Internal defects
(costs of internal
defects)

External defects
(costs of external
defects)

Quality information
system and
documentation
maintenance

Input, intraoperational
and output control

Irreparable rejects
minus utilisable waste

Irreparable external
rejects

Quality management
section

Laboratory tests Internal rejects
reparable (reworking
and adjustments)

External rejects
reparable (reworking
and adjustments)

Training and
educational programs

Metrology Deficits and damages Damage liability

Development of new
control and test
methods

Expert opinions Discounts on non-
compliant products

Compliants solution

Procurement of
services from external
testrooms and
laboratories

Removal of
irreparable defective
products

Minus accepted
compensations from
employees, suppliers,
sales agents, insurers

Production of samples
for destruction tests

Minus accepted
compensations from
employees, suppliers,
sales agents, insurers
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Collection of Required Data 

The quality costs for 2008 and 2009 were calculated within the pilot project. The
main source of data was the existing management accounting system. The pilot
project used also information from intracompany quality reports (information on
complaints) and data from production reports. 

Notes on the determination of individual cost items: 

! The costs of the quality information system and the maintenance of the
documentation and the costs of the quality management section were
determined by an expert estimate; this is a portion of the cots of the relevant
company sections that carry out the monitored activities for all production
plants of the company. 

! The costs of the quality management section include also the cots of the
training and education programs and the costs of the development of new
control and test methods. 

! The costs of the input, interoperational and output control are a part of the
costs of the Technologies centre. This centre carries out the technological
aspects of the production preparation; it prepares, e.g., the technological
documents (bills of material, work procedures) for the given production lines
or the production processes, cooperates on the setting of the production
equipment, tests and evaluates the production samples, cooperates on the
selection and assessment of input raw materials.

! The laboratory tests are carried out in laboratories which perform this activity
for all production plants in the company (they are a separate cost centre). The
costs of the laboratory tests allocated to the monitored production plant were
determined by estimation (acc. to the plant production/total company
production volume ratio). 

! The costs of laboratory tests include also the costs of metrology, expert
opinions and purchased external services (external test rooms and
laboratories). 

! No products are produced specifically for destruction tests. Destruction tests,
as well as other tests, are performed on finished products in the laboratories
(the used amount is negligible). The losses on finished products due to tests
are a part of the total losses of finished products and the cots of these losses
are part of the cost item Irreparable rejects (see costs of internal defects). 

! Certain losses are incurred in each production step of the tile production. Four
types of defective products were identified within the entire production
process, all of them return back into production (as input raw materials); the
flows are depicted in Fig. 4 with a dashed line. Flow 1 (between the glazing
and pressing processes) consists of pressed, wet and unglazed defective tiles.
Flow 2 consists of defective tiles with a glaze layer. Flows 1 and 2 are created
through the sorting of non-quality products on the belt, or they are tiles that
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were used for the purpose of quality control. Flow 3 consists of finished fired
tiles that do not comply with the rigidity parameters. Flow 4 consists of
completed fired tiles that were excluded due to low quality. The costs related
to these flows are classified as the so-called costs of internal defects. 

Fig. 4 Depiction of the creation of non-quality products for the purpose of calculation
of the costs of internal defects [9]

! The calculation of the costs of internal defects must be based on the data from
the cost centres that monitor the production process. The MFCA calculation
can be used with an advantage (see Refs [10,11]). The costs of internal defects
do not include the costs of the raw materials used, as non-quality products are
returned back into the production process (as input raw materials).

! Deficits and damages are monitored directly in the accounting system.
! 1st and 2nd class tiles, as well as non-quality products, are created within the

production of tiles (see above). As the plant’s aim is to produce 1st class
products, the discounts on 2nd class products are included into the costs of
internal defects (2nd class products are sold for half the price of 1st class
products). 

! The calculations of the costs of external defects (costs related to complaints)
were taken over from the intracompany quality report. 

Quality Costs Calculation 

Within the pilot projects, the quality costs in the selected part of the company
(selected production plant) for 2008 and 2009 were calculated using the
methodology described above (see Table V). 
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Table V   Quality costs in 2008 and 2009 (in thousands of CZK)

Cost item Year 2008 Year 2009

Prevention costs 3 091.4 2 294.8

Control costs 3 340.1 4 052.1

Costs of internal defects 76 636.5 57 342.9

Costs of external defects 556.3 522.9

Total quality costs 83 624.3 64 212.7

Production volume, mln m2 6.6 6.1

The total quality costs dropped by almost CZK 19.4 mln between the years
of 2008 and 2009; the production in the same period decreased as well, though
(from 6.6 million m2 to 6.1 million m2 — i.e. almost by 8 %). 

Figure 5 depicts the structure of quality costs in the monitored period. It is
apparent from the figure that the structure of the costs has changed. The share of
the costs of internal defects has decreased, while the control costs on total quality
costs has increased. 

Fig. 5 Structure of quality costs in 2008 and 2009 (in %) [9]

Conclusion

The quality management system is an essential part of the management of every
company. The article focused on the monitoring of quality costs, which forms an
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integral part of quality management and may represent a very effective
management tool. 

The quality costs monitoring system in the selected Lasselsberger plant has
the aim of providing information about major cost items that the company’s
management will be using to support its decision-making process. The proposal
within the pilot project is based on the PAF model. Quality costs are sorted into
prevention costs, control costs and the costs of internal and external defects. The
basic source of the relevant data is the management accounting system and the
ERP system. The pilot project involved the determination of the costs of quality
in the 2008-2009 period. The collected data clearly indicate that the most
significant cost item is the costs of internal defects, which account for ca. 90 % of
all quality costs. In order to be able to cut the costs, one must focus on individual
production operations (input raw materials, production recipes, tuning and setting
of production equipment). The lowest cost item is the cost of external defects.

The main advantage of the quality costs monitoring system is the fact that
the level of quality of company activities, products and services (incl. quality
management) is quantified in monetary units. As a rule, each operation that is not
carried out in appropriate quality leads to the creation of a non-quality product; the
system quantifies the economic losses incurred by the company. This may
contribute to a change in the perception of the errors within the company processes
by the company’s management, and primarily employees. Thanks to the obtained
information, the places where the biggest economic losses are incurred may be
identified, and, on this basis, rectifying measures may be proposed and
implemented – their efficiency may be defined very precisely. The aim of the
measure is to improve individual company processes, and thus also the company’s
economic results. The implemented measures are systemic and systematical. 

For a successful implementation of the quality costs monitoring system, the
system must be supported by the company’s top management, the implementation
must be handled by a professional interdisciplinary team, the system must
gradually be expanded to the entire company and, in many cases, adjustments to
the company’s information system are required. It should also be noted that the
system in itself does not solve the problems with the quality, does not offer
specific solution and does not eliminate the company’s costs. 
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Present quickly varying business environment requires changes in traditional
logistic management of companies of chemical and food industry operating on
B2C markets. Usage of recent logistic technologies however is made impossible
due to the position of Czech companies on the markets mentioned. This article
presents the problems which these companies solve on the operative level, and
points out possibilities of time series analysis utilization as a tool of demand
planning. Possible application of this tool in operative management and its
incidences are described on a chosen company of food industry.

Introduction

Global markets on which companies operate nowadays are mainly characterized
by quick and hardly foreseeable changes, by supply overpressure (overhang) above
demand, by rapid development of information and communication technology and
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by well-informed and demanding customers. As a consequence, there is strong
orientation on customer and development of systems of differentiated CRM based
on customer value [1]. This is the reason why maximum satisfaction of even
individual customer requirements mainly in the field of individually provided
logistic services are main aims for companies. Time plays important, if not key
role in it. This means for companies that they must be able of quick and adequate
reaction on customer’s requirements.

This can be assured only on condition of high flexibility and effectiveness
not only of business processes but even of the whole supply chains, of which the
company is a link. It results in the development of Supply chain management and
many logistic technologies. Ability of all supply chain links to share needed
information and knowledge is the basic condition for implementation of these
technologies. Primarily, it is sharing of joint demand forecast and its unified
utilization in planning process of all links of chain — demand planning. It requires
not only technical and software securing of these information transfers, which are
often shared on-line, but also confidence between individual links and their
willingness to cooperate and to share information. Under these conditions methods
as JIT (Just in Time), QR (Quick Response), ECR (Efficient Consumer Response),
CRP (Continuous Replenishment Planning), RMR (Retail Management
Replenishment), VMI (Vendor Managed Inventory), CFaR (Collaborative
Forecasting and Replenishment),  CPFR (Collaborative, Planning, Forecasting and
Replenishment) can be successfully implemented. Many of companies in the
Czech Republic are a part of supply chains, in which there is for many reasons no
willingness to cooperate in the field of information sharing about demands and
sales [2]. Those are namely manufacturing companies, which supply their products
into foreign retail chains, where also companies of chemical and food industry
belong. Sales forecast derived on the basis of analysis of sales time series is one
of the tools which can help in solution of these problems.

Time Series Forecasting and Application in Operative Management

Time series forecasting is based on analysis of data recorded over a period of time,
discovering of the pattern in the historical data, and extrapolate that pattern into
the future. The business series follow various patterns. Study of the types of data
patterns is an important step in selecting an acceptable time series model.
Operative management is working with sales data rarely older than several months.
That collection of data forms short-term time series with horizontal pattern. A
horizontal pattern presents data values fluctuating around a constant mean. A
random fluctuation around constant value is typical for stable processes with
stochastic defects, products with stable sales or most of the short-term time series
of sales. Thus these time series often miss secular trend, seasonal and cyclical
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variation. There are two basic techniques used in time series forecasting with
horizontal data pattern in the literature (see, e.g., Refs [3-6]):

! Simple Moving Average,
! Single Exponential Smoothing.

The moving-average method can be useful in removing the random
fluctuations for forecasting. Although moving averages are centered, it is more
convenient to use them to predict the following period of time series. Then the
formula for a simple moving average is

(1)

where Ft  is forecast for the coming period, n is number of period to be averaged,
At–i is actual sales i-periods ago. 

Exponential smoothing is the most used of all forecasting techniques. The
formula for single exponential smoothing results from modified Eq. (1) and is
mathematically represented as follows

 (2)

where "  is smoothing constant which determines the level of smoothing and the
speed of reactions to differences between forecasts and actual occurrences.

The value of sales forecast is the most important information in the
operative management. It is especially used in production planning and inventory
control. The forecast accuracy can facilitate operative decision making. All
forecasts contain some error because of the interaction of many indefinable factors
in the model. Forecast error is definition for differences between the forecast value
and what actually occurred. The common terms used to describe the degree of
error are mean absolute deviation (MAD) and mean absolute percentage error
(MAPE) defined as follows
 

(3)

 (4)

where t  is period number, A is actual sales for the period, F is forecast sales for
the period, and n is total number of periods. When the errors that occur in the
forecast are normally distributed (the usual case), the mean absolute deviation
relates to the standard deviation as [3]
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 (5)

where F is standard deviation. Knowledge of standard deviation determines
utilization of historical data to quantify the volume of the safety stock [4].

Characteristics of Companies

Manufacturing companies of food industry equally as the majority of companies
of chemical industry producing consumer goods get significant part of produce to
final customers through retailers. The present era is characterised by growing
bargaining strength of retail chains mainly as consequence of the fact that
manufacturers’ offer significantly exceeds demands of end users. If manufacturers
want to hold a market, they must be able to realize in a very short time period very
quickly changing requirements of retailers and to agree to the disadvantageous
terms of supplier-customer relations. Retailers are not willing to share information
about consumer demand or behaviour. Though, the customer service lead time has
to be a far smaller interval than the lead time required by the company to produce
or distribute the product. It reflects on increasing requirements of operative
management of manufacturing, purchase, but also on other logistic activities along
the whole supply chain. Thus, demand planning is one of the few instruments how
to control processes in this case. Possibilities of forecasting exploitation will be
demonstrated on a specific company, which cannot be disclosed due to the data
sensitivity [7].

The company chosen for analysis is a dairy with long tradition of producing
dairy products. It occupies strong position on Czech market above all in the
segment of butter-type spreads, cream spreads, cream yogurts and cottage cheeses.
Considering existence of a great number of tastes, range of products of the
company contains about thirty various kinds of products. Portfolio of products
differs also by the size of consumer package (several consumption packages,
gastro production). The company is selling these products also under a few private
trade marks of Czech and foreign retail chains in comparable quality, but in
different consumer packages. The company gets more than two thirds of produce
to final customers through retailers. The company’s position in the marketplace
analysis revealed all problems stated in the previous paragraph. The company
position is also complicated by short-term usable life of the products (several days
or weeks). Although key raw material for all products manufacturing is cream
which is purchased from farmers with one week lead and average production cycle
is three days, the customer service lead time is usually one day. In addition,
customers accept only delivery of products with full usable life or only with its
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partial expiration. Key customers make use of fixed-time period model ordering
and withdraw products several times on the basis of the order from previous day.

The fluency of material flows in the company is ensured by managers with
long-time experiences. However, there is a little correspondence between
operational plan and operative management. Even managers find some steps of
operative management uneconomical. For this reason, operative planning and
control was analyzed in the company. Following processes which influence
processes effectiveness mostly were identified by the analysis:

! weekly demand planning,
! weekly purchase of cream,
! weekly production scheduling,
! safety stock of final production assessment.

Weekly forward sales are estimated in the company on the basis of executed
sales over the last period. This estimation has low accuracy but it presents basic
information for purchase of cream which has to be ordered a week before
consumption. The production is daily controlled by executed sales currently.
Production scheduling is complicated because of unpredicted fluctuations in sales
and stint of purchased cream. Safety stock of final production is not quantified but
average reserve/stock in store of finished goods corresponds to roughly average
week sale. Thus it is possible to assume, that safety stocks make about one half of
average week sales.

It is obvious that this kind of management based on innocence of accuracy
and reliability exactly ascertained forecast, requires big amount of operative
interferences. This management is in addition related to skills and experiences of
concrete people, with their departure this non systemic management is not in the
long term maintainable. Time series analysis could be one of the few instruments
how to control processes at the operative level.

Results of Time Series Analysis and Discussion

Time series analysis was focused on the possibility to predict weekly sales
providing primary information for operative control. Sales of model product whose
time series were not misrepresented by promotion were used to research. Time
series of sales executed by three characteristic retailers (retailer A, B and C) were
analysed during forty weeks in 2008. Retailer A and B represents foreign retailers
(retailer A is the key customer of company), and retailer C is a representative of
Czech retailers. Time series were smoothed by moving-average method and single
exponential smoothing. Forecast error was described by MAPE. In view of the
production cycle and purchase of cream it was necessary to modify both of
forecasting equations as follows
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that returns forecasts a week before models (1) and (2). Those sales forecasts are
really usable in operative management in this case.

It is important to select the best period n for the moving average (6). The
greater random fluctuations are smoothed by the longer moving-average period.
But there is the need to have a large amount of historical data and there is a
problem that medium-term changes in possible trend can be lost. Number of
periods was chosen from 2 to 9 and the influence on forecast accuracy was
monitored.

In the single exponential smoothing (7), alpha is given a value between 0
and 1. The low value of alpha keeps information from data many periods ago,
whereas the higher value prefers the actual demand to historical data. Adjusting
the value of the constant can also help with reaction to changes in possible trend.
Therefore, the smoothing constant was optimized by minimisation of MAPE
because the choice of alpha influences the forecast accuracy extremely. The values
of MAPE depending on choice of smoothing constant are shown in Fig. 1.

Fig. 1 Smoothing Constant-MAPE Diagram

Comparison of the MAPE values obtained by application of forecast
techniques and by predicting in the company is shown in Table I. The forecast
error was the lowest in the single exponential smoothing with optimal smoothing
constant ("OPT). Time series analysis based on this technique is shown in Fig. 2.

Utilization of exponential smoothing would reduce forecast error by more
than 7 % in sales of the key customer. Low values of optimal smoothing constants
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as well as descending forecast error with simultaneous ascending number of period

Table I Forecast Techniques Comparison by Forecast Accuracy (MAPE)

Retailer A Retailer B Retailer C

MAPE of company prediction, % 19.5 11.2 25.2

"OPT 0.062 0.007 0.090

MAPE of single exponential smoothing, % 12.1 7.2 20.1

MAPE of single moving
average, %

n = 2 16.5 9.6 23.9

n = 3 15.4 8.7 22.1

n = 4 15.1 7.6 21.8

n = 5 14.4 7.2 20.4

n = 6 14.3 7.6 21.0

n = 7 14.3 7.5 21.0

n = 8 13.7 7.3 20.6

n = 9 13.7 7.5 20.5

Fig. 2 Utilization of Single Exponential Smoothing to Time Series Analysis

in moving-average methods point out that data values really fluctuate around a
constant indeed. This information can be decisive for capacity planning and fixed
production scheduling without necessity of bigger operations intervention.
Constant mean of weekly sales determines weekly production and weekly
purchase of cream. Random fluctuations of sales values could be covered by safety
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stock of final production.
High variance of sales data of key customer (retailer A) is decisive for safety

stocks quantity because sales variance of the others is insignificant in absolute
point of view (see Fig. 2). Safety stocks value based on time series analysis
amounts 50 % of average weekly sales. Carrying of high inventory would not
reduce costs. But the company can profit through integration of processes via
unified joint forecasts within the whole company. High level of safety stocks of
final product would have other negative effects. In regard of short-term usable life
of some products, part of the produce would be sometimes damaged or cut under.
In the case of repeated exhaustions of safety stocks it could happen that production
capacity could be not sufficient for their replenishment, and in some cases,
significant part of week capacity would have to be hold for the case of excessive
exhaustion of stocks. The degree of impact of these implications, however, can be
find out only after full analysis of time series of all sales realized by the company.
Such analysis has not been carried out yet, because the company does not dispose
with database of historical sales enabling bulk data processing for all items of
selling assortment.

At present, the company deals with implementation of suitable information
technologies. They would enable forecasting based on time series analysis and its
exploitation in another company functions and namely particularly in planning and
management of production/manufacturing. Integration of company functions,
roofed-over by in-house information system, represents one of the fundamental
conditions not only of effective exploitation of forecasting in operations
management, but also of the whole intellectual conception of demand planning [8].

Conclusion

Orientation of companies on customers requires changes in management not only
of individual companies, but of the whole supplier — customer chains. Situation
on markets with fast turning consumer goods though inhibits logistic technologies’
implementation. This is the reason of very frequent undesirable operative
interference into production plans or of disproportionate increase of finished
products' reserves. Operative management within the company can be streamlined
through integration of business process via sharing of joint forecast in all business
functions.

It has been shown on the above mentioned company, that basic techniques
of time series analysis can be successfully applied for needs of operative
management. Prediction models can be surely modified for particular needs of
each company, whereas gained forecasts can result in significant specification of
sale judgment. In the case of stated example the forecast at the biggest customer
was improved from 19.5 % on 12.1 %. Achieved error of forecast cannot be
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removed through analysis of this type time series, because it is caused by
unpredictable behaviour of customers. By analysing time series it has been found
out that values of former sales fluctuate around a constant average value, which
is not changed significantly from the long-term point of view. It allows
implementation of integrated control, because of which significant decrease of
interferences in operations management should take place.

In spite of the fact, that interconnection of demand forecasting process with
all planning activities within the company can become competitive advantage, this
interconnection evokes frustration of majority workers. One from many other
reasons is the fact that demand forecast is based on probability and from its
principle it can never be taken as fully reliable. Potentiality of forecast
exploitation, however, does not depend on the level of its reliability only. Each
assessed forecast is an effective tool for decision making, because each decision
comes out from certain judgment of the future. Additional reasons why
quantitative methods generally are not applied in practice are apprehensions from
necessary changes in management [9]. These changes are, in addition, often
connected with investments mainly into information technology. But if companies
want to keep their position within supply chain, they cannot avoid changes in
management.
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The article is devoted to the issue of triple helix model and its application in the
Czech tertiary education. Introduction describes the crucial provisions of the
White Paper on Tertiary Education. Then the triple helix model is described based
on the foreign literature search. Particular attention is focused on the importance
of the triple helix model in the White Paper on Tertiary Education. Finally,
possible subjects of the cooperation between university, industry and government
are indicated.

Introduction

The Czech tertiary education is being reformed at present. Some parts of reform
(especially those essential) are already approved and others will follow. This
reform of tertiary education is based on the concept outlined in the White Paper
on Tertiary Education. This book, among other things, outlines the future need for
universities to work more closely with industry (application practice) under the
auspices of the government. Scientific literature refers to the cooperation
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(interconnection) of universities, government (public administration) and industry
(enterprises) as to the “triple helix” which is considered an evolutionary model of
innovations [1,2]. The merit of this three-entity cooperation model, which top
opposing vertices, is relatively simple, nevertheless efficient. The role of
universities rests in provision of scientific, expert and partly also technical and
material capital. This model counts on industry to be a main guarantor of financial
capital and, in a way, imaginary university customer. The government then
facilitates necessary conditions (particularly legislative) for this kind of
cooperation (or eliminates obstacles in cooperation between universities and
companies).

White Paper on Tertiary Education

The White Paper on Tertiary Education is a conceptual and strategic document
setting the direction of the tertiary education in the Czech Republic for the horizon
of 15-20 years. This White Paper, however, is not a technical manual for execution
of the changes leading towards the set aim [3]. It serves merely as a concept for the
reform of the tertiary education in the Czech Republic. The reform spirit should
be in compliance with the philosophy of human resources being one of the main
pillars of competitiveness in the current development of the Czech society. The
main aim of the reform will rest in change of management and funding principles
of the tertiary education system. Figure 1 describes fundamental principles of the
tertiary education reform.

Fig. 1 Fundamental principles of the tertiary education [4]
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According to the White Paper the universities are supposed (especially) to
engage stakeholders in their own activities and management, and thus should
ensure a more effective feedback and support elements of management control.
Meeting this target means the enhancement of accountability and efficiency
exercised towards external environment. Stakeholders of the university are either
those who contribute to the university operation or demand the university
outcome. The university operation is indirectly supported by every taxpayer, i.e.
the public. Other stakeholders are the companies, first, from the position of
employers demanding university graduates, second, from the position of research
and development clients. Last but not least, the stakeholders include students
demanding education as the essential university outcome. In the case of a
particular university stakeholders involve also representatives of regional
governments and enterprisers. This group, however, may be extended with
representatives of research and cultural institutions, non-profit sector and,
naturally, alumni. The White Paper on Tertiary Education sets the partial target in
terms of creating more favourable conditions for cooperation with these
stakeholders by deeper engagement of both sides in particular.

The White Paper suggests the engagement of stakeholders into strategic
decision-making of universities should be reached by extending the operation of
the board of trustees. The White Paper authors’ intention was to make the
universities more open to their external environment from both the institutional
and strategic points of view. The stakeholders’ engagement into university
operation and management should not be limited to the decision-making power but
they should also bring private funding into the sector which is traditionally
financed from public money. Meeting this aim will mean enhancement of
multiple-source funding university operations. The core idea rests in the concept
where the power to express oneself freely in terms of university problem issues is
only fair if it is counterbalanced by their financial involvement in tertiary
education.

Triple Helix Model

In the triple helix development model, government devolves decision making to
collaborations with regional and local authorities and other actors. Industry
engages in endogenous innovation as well as transfer. Universities play an
innovative role in society, active in translational research, entrepreneurial training
and community development, as well as, traditional tasks. These nascent
transformations have fundamentally changed the development landscape, making
triple helix actors the central development partners [5].

The triple helix is based on the premise that the university plays an
enhanced role in development in concert with government and industry, the two
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traditional leading institutional spheres. Higher education institutions are virtually
everywhere and their flexible nature opens them to fill a variety of roles, well
beyond traditional missions. Traditional missions of teaching and research embed
a knowledge transfer capability in any society. In the training of human capital for
all sectors of society, the university, through its alumni, provides the basis for
enhanced interaction. The prominent role of the university in the triple helix has
made this model especially relevant to developing countries where universities are
present and industry is either making strides, relatively weak or largely lacking [5].
Critics have argued that the university systems in most developing countries are
academically oriented and industries are either non-existent or too weak and
governments too bureaucratic to play respective roles envisaged by the triple helix
model. However, the problem as noted by Konde [6] does not lie with the model,
but the fact that, in many countries, the triple helix entities seem to be weak
because their elements tend to work in isolation [5].

The triple helix model comprises three basic elements [7]:

1. a more prominent role for the university in innovation, on a par with industry
and government in a knowledge-based society;

2. a movement towards collaborative relationships among the three major
institutional spheres in which innovation policy is increasingly an outcome of
interaction rather than a prescription from government;

3. in addition to fulfilling their traditional functions, each institutional sphere
“takes the role of the other” in some regards (institutional spheres overlap and
collaborate and cooperate with each other, as you can see in Fig. 2 [8]). This
may take the form of a university taking government’s role of initiating
development projects or industry’s role of firm formation. Universities,
traditional providers of human resources and knowledge, are now critical
socio-economic development actors. The institutional spheres still perform
their traditional functions but increasingly assume the task of advancing
innovation and development.

Fig. 2 The triple helix model [8]

 

STATE 

IN
D

U
ST

R
Y

 A
C

A
D

E
M

IA
 



Sabolová V./Sci. Pap. Univ. Pardubice Ser. A 16 (2010) 229–236 233

Many universities have expanded their organizational capabilities to engage
in knowledge transfer and development. In addition, universities are also
extending their teaching capabilities from educating individuals to shaping
organizations by using the incubators. The incubator was essentially a means to
train a group of individuals to operate as an organization. The incubator model
was extended from an earlier emphasis on forming high-tech firms to creating low-
tech firms as well as cooperatives that make it possible for excluded populations
to collectively enter the labour market as service providers contracting with public
and private sector organizations for cleaning and other tasks [9].

A triple helix development model is based on the following trends [5]:

1. The transition from an industrial society to a knowledge-based society in
which knowledge producing institutions, like universities, potentially play a
greater role in innovation and development.

2. The supersession of large scale physical technologies that mandate
bureaucratic forms of organisation to increasingly flexible smaller scale high
technologies that can be utilized by smaller scale organizations.

3. The emergence of polyvalent knowledge, in such areas as biotechnology,
computer science and nanotechnology, that is at one and the same time
theoretical and practical; capitalizable and publishable.

4. The rise of new university formats that incorporate a classic ivory tower focus
on discipline development with a culture of entrepreneurship, innovation and
technology transfer.

A triple helix development model contrasts with others that place greater
emphasis on “state-led, market-led or community-led development” [10].
Although this is laudable, it omits a critical agent of knowledge-based
development – a university that is capable of undertaking socio-economic
development initiatives in cooperation with teaching and research. The triple helix
development model focuses on creating intermediary mechanisms that play a
broader role than in developed environments. They not only fill the gaps between
industry and university and between discovery and application but also in some
instances they substitute for weak or missing actors. Moreover, in the triple helix
development mode there is strong emphasis on interactions, linkages and
collaborations [5].

This new way of development thinking, revolving around the crucial
knowledge actors, strengthens diversity and represents a radical departure from the
conventional development models that have separated the three institutional
spheres, most often placing universities in a peripheral role in development
strategies and policies. Thus, the triple helix refocuses the development field
making it possible for technology transfer to play a residual role in support of the
development of indigenous technological capability [11].
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Triple Helix Model in the White Paper on Tertiary Education

All three participants of the triple helix model are defined in the White Paper on
Tertiary Education. In this document, their cooperation is seen as crucial for a
positive outlook on the future of tertiary education system in the Czechia and
whole Czech economy as a knowledge-based society. Industry and government
(whether at regional or national level) are in the White Paper described as
stakeholders of the university, with which in the future should forge stronger
relationships than ever before. Proposal to tertiary education reform encourages
the use of the triple helix model to improve the quality of tertiary education system
and the human capital that is crucial for economic development.

Tertiary education reform tries in the field of cooperation university,
industry and government to resolve the current situation outlined in Fig. 3. The
original image of triple helix model represents an ideal situation where the contact
surfaces (i.e. notional amount of cooperation) between particular elements are the
same size and occupy a large enough area for effective cooperation. Nevertheless,
in the following picture the sphere of industry is shifted to level, where its
cooperation with the university as well as with the government represents a much
smaller area. The reason of this situation is unattractive offers on cooperation from
state and universities. In many cases it is only a request for funding that is not
balanced with opportunity to engage in creative activities and decision-making.
White Paper tries to change this unpleasant fact through the tertiary education
reform. It tries to involve industry to decision-making in the board of trustees of
university and to the funding of research, development and also education. For this
cooperation it is necessary to create a favorable environment in whole economy
and this must the government ensure.

Fig. 3 The triple helix model in the Czech Republic
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The role of individual elements of the triple helix model will depend on the
specific subject of their cooperation. However, the government will have to secure
(irrespective of subject cooperation) not only a favorable environment, but
especially right direction of joint action of the university-industry-government
cooperation. The subject of cooperation between university and industry may
relate either education or research and development.

In the area of education the university should cooperate with industrial
enterprises when preparing curriculum. Not only the list of study subjects within
the study field but also the contents of these subjects should reflect the
requirements of practice. Students can gain the awareness of practice requirements
during their working practice, or as the case may be, during their study visit
organised by the partner industrial entity in its facilities. Students may also learn
at field trips in the company. Based on their experience acquired in the
environment of an industrial company students may produce their theses. The
results contained in the theses may serve as grounds for further research at the
university or be used directly by the partner industrial entity for its own benefit.
The industrial company may also organise both for the students and university
staff training sessions in various areas, where indeed, also the company staff
attend. On the other hand the university may also train the company staff or create
individual study plans for their staff if they are interested in studying an accredited
subject field. Both the partners may hold conferences where both a scientific
(theoretical) and application (practical) points of view are presented. They might
also utilize their infrastructures, e.g. lecture halls, accommodation, catering,
leisure time facilities, special laboratories or computers. The main benefit of the
university and industrial company interconnection would, indeed, rest in creating
job opportunities for university graduates in the industrial company.

In research and development the university and industrial entity
interconnection might mean, e.g., joint projects. The results of projects could be
then theoretically modelled in academic environment and consequently tested in
practice of the industrial company. The university could also provide various
studies, reviews or expertise reports. The last but not least comes the university
expert consulting provided to the company.

Conclusion

The general idea — the university would in future have to work more closely with
industry (application practice) under the auspices of the government — is logical
at first glance. Its implementation, however, is not so simple. It depends on way,
how it creates the connection and on what principles will be basing its operation.
Triple helix model is recognized by the scientific community an innovative
concept, through which can be achieved the development of not only the education
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system, but also a society which has undergone a transformation to a knowledge-
based economy. If reform of tertiary education is really done in the spirit of triple
helix model, the concept could become for the Czech Republic the way from the
global economic crisis (some economists contend that the crisis is only the
epiphenomenon ongoing transformation of the economy).
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