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PREFACE 
 

Since the first symposium in Belgrade, Serbia more than two decades ago, in 1996, International 

Symposium on Industrial Engineering - SIE has been held regularly every 3 years. It represents an opportunity 

for researchers in the Industrial Engineering community to review and evaluate their scientific achievements 

over the period since the previous SIE, share their most recent results and ideas, and discuss possibilities for new 

directions in research, joint experiments and observing campaigns.  

The aim of the 7th International Symposium on Industrial Engineering – SIE 2018 is to contribute to a 

better comprehension of the role and importance of Industrial Engineering and to point out to the future trends in 

the field of Industrial Engineering. The Symposium is also expected to foster networking, collaboration and joint 

effort among the conference participants to advance the theory and practice as well as to identify major trends in 

Industrial Engineering today. According to these goals the Symposium addresses itself to all experts in all fields 

of Industrial Engineering to make their contribution to success and show capabilities achieved in the work that 

has been done are very welcomed. SIE 2018 provides an international forum for the dissemination and exchange 

of scientific information in industrial engineering fields through the large number of multidisciplinary topics. 

The book brought together 58 papers and more than 170 authors from 12 countries, namely from Serbia, 

Portugal, Finland, Switzerland, FR Macedonia, Italy, United Kingdom, Thailand, Slovakia, Canada, Poland and 

Bosnia and Herzegovina. The submitted full length manuscripts were peer-reviewed, and selected for publication 

by experts in their respective fields. The authors ranged from senior and renowned scientists to young 

researchers. Only unpublished papers were accepted and the first author is responsible for the originality of the 

paper. All papers are classified into six chapters, including opening and closing plenary lectures. 

We expect that papers and discussions will contribute to better comprehension the role and importance of 

Industrial Engineering in this and other countries, both in domain of scientific work and everyday practice.  

Our efforts in organizing would not succeed without the considerable help of the members of Scientific 

Program and the financial help of Ministry of Education, Science and Technological Development was greatly 

supportive for the success of the entire project. 

At the end, the editors hope, and would like, that this book to be useful, meeting the expectation of the 

authors and wider readership and to incentive further scientific development and creation of new papers in the 

field of Industrial Engineering. 

Welcome to the 7th International Symposium on Industrial Engineering – SIE 2018! We wish to all 

participants a pleasant stay in Belgrade and are looking forward to seeing you all together at the 8th Symposium 

on Industrial Engineering – SIE 2021. 

 
Belgrade, September 2018 
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economic viability. This requires either a rate of 
return or exceptionally a cost effectiveness 
calculation. The Guidelines ADB (2017) sets out the 
preferred approach to this quantitative cost-benefit 
comparison.    
The remainder of this paper is organized as follows. 
Section 2 discusses the general approach in the 
current Guidelines and section 3 sets out how it 
differs from earlier guidance in the Bank (ADB 
1997). Section 4 highlights some difficulties in 
application and section 5 concludes. 

 
2. GENERAL APPROACH    
Where project outputs and inputs are sold on a 
market the starting point for valuation is their price 
on that market. However, the presence of taxation, 
lack of information or various regulatory controls 
means that in practice markets are ‘imperfect,’ so 
that market prices need not reflect the true worth of 
goods and services to the economy. Economic 
appraisal under these circumstances requires the 
adjustment of actual market prices to what are 
termed ‘shadow prices’ or alternatively ‘economic 
prices’, which are used to value outputs and inputs 
in an economic appraisal. Where no market exists 
for the goods or services used by a project, 
economic appraisal requires that a monetary value 
be assigned to these non-marketed transactions.  
Application of economic analysis requires setting 
out the alternative with and without-project 
scenarios in each year of a projects life, estimating 
annual net benefits and costs, where without-project 
costs are subtracted from with-project costs and 
without-project benefits are subtracted from with-
project benefits. Because the original development 
literature tried to quantify the effects of projects on 
several different objectives – short-term allocative 
efficiency, longer term-growth and income 
distribution- a numeraire or unit in which different 
project effects could be weighted and combined was 
necessary. In practice applications have largely 
focused on allocative efficiency, so that the unit or 
numeraire is consumption or income at either 
domestic or world prices. 4  The 1997 Guidelines 

                                                            
4 Apparent differences between the alternative approaches arose 
from the basic choice of numeraire - government income or 
investment measured at world prices in one (Little Mirrlees,1974) 
and domestic consumption at domestic prices in the other 
(UNIDO 1972). Subsequent work showed how the alternatives 
could be reconciled relatively easily (Curry and Weiss 1990, 
2000, Potts 2002). In practice a distinction is rarely drawn 
between income that is saved and income that is consumed, or 
between government and private income. 

gave analysts the choice of working in either a 
domestic or a world price unit.  
In principle all effects created by a project, whether 
or not they worked through a market should be 
identified and valued. In ADB (1997) there was a 
detailed discussion of environmental impacts with 
possible ways of valuing these, although in practice 
environmental valuation was rarely done. The 
efficiency test to be applied was an internal rate of 
return above the test rate set by the Bank of 12% and 
a positive net present value at this discount rate. The 
12% figure was used as a rationing rate for Bank 
projects and was intended as approximation to the 
opportunity cost of capital in borrower countries. 
The figure of 12% was not justified quantitatively 
and it was stated clearly that if in any particular 
economy a national rate had been calculated then 
this could be used as an alternative. Further where it 
was judged there were some benefits that it was not 
possible to quantify and value then a lower rate of 
return of 10% would be acceptable provided these 
were explained fully. There was an explanation of 
how the poverty effects of projects could be assessed 
through a distribution analysis and a poverty impact 
ratio – defined as the share of the poor in the 
economic net present value of the project- could be 
calculated. However, this was not mandatory for all 
projects and no minimum figure was set for the 
poverty impact ratio. The risks associated with a 
project had to be tested using sensitivity analysis and 
possible risk analysis for more complex projects. 

 

3.  CHANGES IN THE NEW GUIDELINES 
ADB (2017) introduced changes to the earlier 
approach in three main areas relating to the decision 
criteria (that is the test discount rate), environmental 
valuation (principally the treatment of CO2 
emissions) and the choice of numeraire (a domestic 
price unit was recommended). In terms of impact on 
practice the first two of these changes are potentially 
significant. 

 
Discount rate  

In terms of decision criteria, the key test rate of 
discount was revised downwards from 12% to 9%. It 
is still to be used as a rationing rate with the caveats 
that where a national rate is available this can be 
used and that a lower rate of 6% can be used for 
projects with unquantifiable benefits or for poverty-
focussed projects. Several broad arguments were 
used to justify a lower rate – falling global rates, the 
fact that as countries get richer rates tend to fall as 
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financial intermediation improves and the fact that a 
lower rate places a higher value on long-run 
environmental effects. Unlike the earlier Guidelines 
in this case the choice of 9% was rationalized 
formally on the basis of some simple calculations 
implicitly estimating a time preference discount rate 
for the Asian region. 
The calculations were based on the ‘Ramsey model’ 
which defines the declining value of consumption 
over time as 

DR =   g.n    +    μ 
Where DR is discount rate, g is per capita 
consumption growth, n is elasticity of marginal 
utility of consumption and μ is pure time preference. 
Average values for the region as a whole were used, 
so in other words, values for ‘representative 
consumers’ in each country were averaged.  
Values of g = 5%, n = 1.5 and μ = 1.0 were used to 
give 8.5% which was then rounded up to 9%. 
The selection of a 9% rate based on the Ramsey 
formula can be questioned on both theoretical and 
empirical grounds. Theoretically it is questionable 
whether it is meaningful to think of time preference 
for a region as large as Asia based on the average of 
preferences of ‘representative consumers’ in the 
different countries. Empirically the 9% rate is based 
on a set of assumptions, principally a high average 
rate of growth of regional per capita consumption of 
5% and a relatively high elasticity of utility with 
respect to consumption growth of 1.5. Earlier 
empirical work suggested an elasticity of 1.0 and if 
this is combined with a more conservative projection 
of the growth of per capita consumption of say 3% 
plus the same pure time preference figure of 1%, the 
result is a much lower discount rate of 5%.5 This is 
not say that a lower rate like 5% is more accurate 
than the 9% in ADB (2017), but simply to point out 
the uncertainty involved in this type of exercise and 
the extent to which it relies on assumptions and 
projections.  

 
Environmental valuation  

In relation to environmental valuation more practical 
guidance was given as compared with the earlier 
Guidelines. The net CO2 emissions from a project 
(or the CO2 equivalent for other gases) are to be 
estimated and valued at $36/ton in 2016 prices, 
escalated by 2% annually. The figure of $36/ton 
came from a review of marginal damage cost from 
the environmental literature. The effect of increasing 

                                                            
5 For studies using an elasticity of 1.0, see Squire and van der Tak 
(1975) and UNIDO (1980). 

the 2016 base value by 2% annually has the effect of 
discounting by a rate of approximately 7% as 
opposed to the standard rate of 9% and thus goes a 
modest way towards addressing the charge that 
discounting at rates like 9% places a low value on 
long-term environmental impact. The introduction of 
a value like this for emissions can have large impact 
on the appraisal of projects in sectors like energy 
and transport and can shift decisions towards more 
environmentally-friendly projects that reduce 
emissions since they will now be credited with a 
quantitative benefit. For other environmental 
impacts the suggestion is that as far as possible a 
‘benefit transfer’ approach be applied whereby 
values estimated in the context of one project or 
location or drawn from the secondary literature are 
adapted for use on a new project.  

 
Choice of numeraire 

In relation to the choice of numeraire whilst the use 
of a world price unit is not ruled out, a preference is 
stated for a domestic price system and all examples 
in the text are given in domestic prices. This 
preference is on practical not conceptual grounds. It 
is relatively easy for confusion to arise with a world 
price system in relation to estimating willingness to 
pay for project output and in conducting distribution 
analysis. The former of these has been a significant 
practical problem. In sectors like power and water it 
is typically the case that an estimate is made of 
willingness to pay to reflect project benefits. This 
will be a value in prices faced by consumers, which 
are domestic prices. If the appraisal is in world price 
units all project effects both benefits and costs must 
be in world prices. This is done typically on the cost 
side by removing taxes and applying a Standard 
Conversion Factor (which is an economy-wide 
average ratio of world to domestic prices) to residual 
local costs.6  However, there is a risk that the same 
adjustment (revaluing willingness to pay by a 
Standard Conversion Factor) is not applied to 
willingness to pay, creating an over-estimate of 
benefits as the Standard Conversion Factor as 
calculated is always below 1.0.  
The problem with distribution analysis arises 
because the income effects from the financial 
arrangements of a project must be combined with 
the income effects measured at economic prices. It is 

                                                            
6 The Standard Conversion Factor is the inverse of the ratio of the 
Shadow Exchange Rate to the actual market rate. There is a 
further technical complication with this approach, which is 
discussed in Weiss (2018). 
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not always understood that if world price units are 
used in the economic analysis this requires adjusting 
the income changes from the financial arrangements, 
which will be at domestic prices, by the Standard 
Conversion Factor. If this is not done the full income 
changes created by a project will calculated 
incorrectly. This potential misunderstanding has 
been less significant in practice since most 
distribution analyses of projects have been done as 
part of an economic analysis at domestic prices, so 
the scope for error does not arise.  

 
 4. SOME PRACTICAL COMPLICATIONS 
The changes highlighted here are intended to 
provide a more rigorous test of the economic 
viability of projects. None the less in practice 
economic analysis remains an approximate approach 
to the assessment of benefits and costs. Here two 
continuing practical difficulties in estimation are 
highlighted – one in relation to willingness to pay 
and the other in the treatment of foreign exchange.  
 

Estimating willingness to pay  
For projects in non-traded sectors benefits are 
typically specified in terms of willingness to pay for 
the additional goods or services the project makes 
available. 7  However despite the theoretical 
importance of this concept in practice it can be 
difficult to estimate with accuracy. ADB (2017) 
discusses the problem of estimation in more detail 
than in the previous Guidelines giving three main 
alternative approaches, each of which are subject to 
complications. The simplest is the ‘rule of half’ 
which values output at the average of with and 
without-project prices; this is the average of P1 and 
P2 in figure 1. The use of the average of with and 
without project prices is strictly only valid where the 
price-demand relationship is linear and will be 
misleading if the project offers a different quality of 
good or service (such as network electricity or piped 
water as compared with kerosene lamps or 
standpipes), since if the quality is sufficiently 
different with and without-project prices will be on 
different demand lines.   
Where one of the two prices are not known, the 
shape of the demand -price line can be inferred 
based on the known price and a value for price 
elasticity of demand. Such a situation arises where 
the without-project price is controlled so the price 

                                                            
7 ADB (2017) describes this as benefits from incremental (that is 
additional) output. For output that is non-incremental (that is 
replacing other goods or services) benefits will be in terms of cost 
savings. 

charged is not a market-clearing price reflecting 
willingness to pay. Application of the rule of half 
requires that P2 in figure 1 be a market-clearing 
price, otherwise the average of P2 and P1 will 
understate average willingness to pay. This second 
approach requires an accurate estimate of price 
elasticity of demand for the good or service involved 
and is only strictly valid for small changes in price 
caused by a project.  
The third approach involves asking consumers how 
much they are willing to pay for a good or service in 
a form of contingent valuation survey. Such surveys 
are both time-consuming and need to be 
implemented with considerable care in terms of 
sampling and the phrasing of questions.8 

 

 
Figure 1. Demand-Price line 

 

Foreign Exchange  

In project economic analysis in domestic price 
units as set out in ADB (2017) foreign exchange is 
valued at a shadow exchange rate. The existence of 
policies that allow flexibility in the nominal 
exchange rate do not remove fully the need to make 
some adjustment for the economic value of foreign 
currency. The presence of taxes on trade mean that a 
wedge is created between domestic and world prices 
and the version of the shadow exchange rate used in 
virtually all Bank appraisals is given by the average 
tax and subsidy rate on foreign trade. As taxes and 
subsidies on trade are now low this means that in 
most countries the shadow exchange rate is very 
close to the nominal official rate, so that the ratio of 
the two (termed the Shadow Exchange Rate Factor) 
is close to unity. This means an adjustment for 
foreign exchange costs or benefits will have little 
impact on the results of many projects. The main 
difficulty with this approach is that it ignores any 
underlying disequilibrium in the foreign exchange 
market which will cause a change in the real 
                                                            
8 ADB (2013) describes applications of both the second and third 
approaches to valuation of willingness to pay and in particular 
highlights what it considers a best-practice approach to contingent 
valuation surveys in the water sector. 
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exchange rate over the life of a project. ADB (2017) 
also gives a second version of the shadow exchange 
rate formula which incorporates an exchange rate 
adjustment. Whilst this conforms with theory the 
practical problem is that estimating future real 
exchange rate changes accurately is very difficult.9   

 

5. CONCLUSIONS 
ADB as an organisation has consistently applied the 
technique of economic analysis to assess the 
viability of the projects it finances. Such appraisals 
are usually limited by the time and resources 
available, but within these constraints efforts are 
made to ensure that operational work keeps up with 
what can be considered good practice in the 
technical literature. The 2017 Guidelines aims to do 
this by incorporating concerns over time preference 
and the limitations of using high discount rates, as 
well as environmental issues. It omits some of the 
more complex adjustments that are considered in the 
academic literature such as a value for the marginal 
cost of public funds and the issues raised by a 
distinction between producer and consumer prices.10  
Further it ignores most second-round effects from 
projects, which can have important distributional 
effects. The Guidelines are intended as a practical 
operational document not an academic study and 
should be assessed by this criterion. They are a 
useful addition to the literature on appraisals by 
international organisations and reflect a renewed 
awareness of the importance assessing projects from 
a broad perspective. 
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3. The Actual conditions, as revealed by inspection 
results and recorded failures and ruptures. 
Longevity factors include: 
1. The Capability of Manage information, as 
gathered along the plant life cycle. 
2. The Capability of Monitoring, including sensors, 
instruments and skilled inspectors 
3. The Prognostic Capability, including knowledge 
based  modelling  
4. The Capability of Recovering, including, 
protection, repair and maintenance. 
The basic idea of the proposed method is to evaluate 
these points by a means of fishbone model, 
according the schema shown in figure 1. In the 
upper side of the fishbone, there are the ageing 
factors, in the lower one the longevity factors. Based 
on the fishbone model a scoring system has been 
developed. Scores range from 1 to 4 for all factors. 
Ageing factors, have a negative weight and 
longevity factors have a positive weight; thus for 
ageing factors the lower the better and for longevity 
factor the higher the better. A balance between 
negative and positive score is the necessary 
condition to have a positive evaluation of the 
system.  
The very first step of the method is to have a list of 
critical containment systems, which are identified in 
the risk analysis and contains hazardous substances 
in quantities significant compared to the Seveso 
thresholds. The data required for any critical 
containment systems are summarized in table 1. 
Both negative (ageing) and positive (longevity) 
factors are shown. The score for ageing and 
longevity factors are calculated by averaging the 
score of individual containment systems. 
There is no room in the paper to discuss in the detail 
all factors, but the factor Deterioration mechanisms 
is worthwhile of a little discussion. 
Each deterioration mechanism has a score, ranging 
from 1 to 4. The higher the score the more 
aggressive the mechanism. The score derives from 
the combination of three partial scores, i.e. 
detectability, propagation velocity and consequence.  
 Detectability: The score depends on the 
difficulties to detect and measure the phenomenon. 
They depend, in turn, on the instrumentation, its 
costs, the required skills, the repeatability and 
uncertainty of the measures.  
 Velocity: The parameter considered is the 
temporal scale of the phenomenon, which is the 
mean time between the very beginning of the 
phenomenon and its occurrence in the form of 
failure or rupture.  

 Consequences: The most serious consequences 
are the possible sudden structural failures. At the 
lower level there is the possible formation of more 
or less extended holes and lowest alterations of 
characteristics that do not compromise the 
containments (e.g. deformation).  
Table 2 shows the scoring of for the main classes of 
deterioration mechanisms, but it is possible define 
further mechanisms. The score must be calculated 
using the three criteria above mentioned. The three 
criteria may be used also to customize the score, if 
the mechanism may be controlled by means of some 
innovative techniques. If a critical system has 
concurrent deterioration mechanisms, with different 
scores, the highest one must be selected. 
 
Table 2 Types of deterioration mechanisms 

Mechanism Type det. vel. cons. score
Long-term metallurgical 4 1 4 3 
Short-term metallurgical 4 4 4 4 
Localized thinning 
mechanisms

4 3 4 3 

Uniform Thinning 
Mechanisms (corrosion 
and/or erosion) 

2 2 3 2 

Corrosion due to the 
environment 
(atmospheric, soil) 

1 1 2 1 

Tenso-corrosion with 
cracking 

4 2 4 3 

Damage from Hydrogen 
to High Temperature

4 3 4 4 

Fatigue 3 3 4 3 
Creep 3 3 3 3 
Corrosion under 
insulation 

4 3 4 4 

 
A further point to stress is the certification of 
inspection personnel. The compliance with ISO 
9712:2012 at different levels (1, 2 and 3) is 
recognized by the method, with higher score in the 
factor “Inspection Efficiency”.  
Further factors (both negative and positive) are not 
specific of the individual systems and are valid for 
the whole establishment. They are shown in table 3. 
Neither for these factors, there is room for a 
complete discussion but it is essential to highlight 
the role of the standards for inspection 
programming. The policy of Competent Authority is 
clear on this point. Standard may be very useful for 
operators, but cannot become an obligation, because 
company are different each other and Seveso 
Directive impact also small establishments, where 
standard could result oversized.  
Standard and Recommended Practices are, anyway, 
promoted by means of the scores. The following 
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documents are recognized as suitable for ageing 
management: API RP 580 [1], API RP [2]; 
EUUMA159 [6]; UNI TS 11325-8 [10], EN 
16991:2018[5]. Just EN16991:2018 is a true 
“standard”, which may be certified in all industries; 
the other ones are basically “guidelines” or 
“recommended practices”, suitable just for specific 
industries, API for oil and gas, EUUMA for 
atmospheric tanks, UNI for pressure equipment. All 
these documents are aimed at a Risk Based 
Inspection Plan, which should assure safe operations 
for a fixed time interval. A more dynamic approach 
could be valuable, thus the highest score is reserved 
for the adoption of more innovative techniques, 
including Intelligent Prognostics and Health 
Management (PHM) and Condition-Based 
Probabilistic Safety Assessment (CB-PSA). A 
further example of a dynamic approach in oil&gas 
industry is API RP 584 [3]. It consider the ranges 
and limits of process parameters that may change in 
service time, so that to assure integrity and reliability 
of equipment within defined “operating windows”.  
 
Table 3 Ageing and Longevity Factors for the 
overall establishment. 

Factor Score 
Ageing (negative) 

% of near 
misses due to 
deterioration 

(1) ≤ 5%; (2) 5  15%; (3) 15  
35%; (4) f > 35% 

% of equipment 
with recorded 
damages  

(1) ≤ 1%; (2) 1  3%; (3) 3  5%; 
(4) > 5% 

Longevity (positive) 

Inspection 
Management 
System 

(1) according to legislation; (2) 
risk-based and integrated (partially 
or totally) with the inspection 
planning; (3) according to 
Standards including API 581, 
EUUMA 159, EN 16991 UNI 
11325.8  
(4) periodically updated API 584 

Safety 
Management 
System  
SMS Audit 

Percentage of minor and major non 
conformance detected during saftey 
management system audits 

Process control 

(1) unregistered local control 
system; (2) control system with data 
recording; (3) data recording 
system with automatic blockage 
system; (4) control system with data 
recording + automatic blockage 
system + certified blockage system 
according to  IEC 61511 or 61508 

 
4. IN FIELD APPLICATION 
In Italy, there are some 1000 Seveso sites, divided 
equally between upper tier and lower tier. There is a 

national plan of the National Competent Authority to 
visit all upper tier establishment at least once in three 
years. Thus, the National Competent Authority 
organizes every year an inspection campaign, involving 
150 establishments and more. Similar plans are adopted 
by Regional Authorities to visit all lower tier sites. 
Thus, before to propose the method discussed in the 
previous section to such a large audience, a few 
experiments have been done. The sample included a 
large Petrol Tank Farm, a Refinery unit and a Medium 
sized Chemical Plant.  
During the 2018 inspection campaign, which the 
method will be used to verify the adequateness of the 
ageing management at some 150 upper tier Seveso 
establishments. After the first year, a first revision of 
the method is planned, so that to include even machines 
and control systems.  In next three yearly inspection 
campaigns will cover all establishments. The expected 
effect of such action is the promotion of innovative 
technical and organizational interventions for the safe 
management of all ageing Seveso plant.  
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Innovation 2016–2020 (Strategy), specifically calling for 
reforms in the public RDI sector and reinforcing the 
importance of enterprise innovation and technology 
transfer for the economy, including support for the 
activities carried out by the IF. The essential novelty of 
this Strategy is that it focuses around the “research for 
innovation”, in the function of economic and overall 
social development of the country. One of the key 
objectives of the Strategy is strengthening the link 
between science, economy and society to encourage 
innovation. This objective implies that better connections 
between scientific research organizations and industry 
accelerates the development of technological innovation, 
and a connection between science, art and technology on 
one side with the new business models and practice on 
the other side, opens up new opportunities for the 
development of social innovation. For these reasons, the 
Strategy states that the establishment of these links will 
be supported, both in the process of creating new 
intellectual property and in different stages of 
development of new products, services and technologies. 
[9] 
In the past few years, Serbia has made progress in this 
area by developing and implementing different support 
programs for innovative companies and researchers. 
However, in spite of positive developments in the field 
of entrepreneurial competitiveness, commercially 
applicable R&D activity and promoting collaboration 
between the academic research institutions and the 
private sector, still requires substantial efforts for 
repositioning Serbia’s economy towards a knowledge-
based profile. Furthermore, it has been established that 
the majority of Serbia’s R&D is performed by higher 
education institutions, with estimates that innovation in 
business enterprise sector amounts to as low as 14% of 
Serbia’s entire R&D. It has also been found that a mere 
6% of researchers work in the business sector in Serbia, 
compared to the EU’s 45%.  [10]. These indicators being 
diametrically opposite when compared to the EU 
indicate a low level of competitiveness in Serbia’s SME 
sector. In spite of Serbia’s investment into R&D 
infrastructure in the period from 2010 to 2015, there is 
still none to very limited existence of and access to 
financial incentives and instruments that enable R&D 
collaboration between the academia and the private 
industry. Enhancing this model of cooperation would 
provide additional value and potential for increase in 
competitiveness of Serbian SMEs. Over 35% of all 
R&D projects financed under the Innovation Serbia 
Project (ISP) had at least some form of collaboration 
between private sector enterprises and RDIs, which 
indicates organic willingness to engage in this type of 
cooperation, especially when facilitated through financial 

incentives. Notable results have been observed under the 
ISP. Serbian research institutes have expressed interest in 
developing capacity for applied R&D, technology 
transfer and commercialization. [3] 
 
2. PROGRAMS FOR SUPPORT OF 
COOPERATION BETWEEN PUBLIC R&D 
ORGANIZATIONS AND PRIVATE SECTOR 
In order to establish cooperation between science and 
economy, since 2015 the IF has implemented the 
following programs: First, under the Direct Grant 
between the Department for Contracting and Financing 
of European Union Funded Programs of the Ministry of 
Finance of the Republic of Serbia and the IF, the IF has 
established the Collaborative Grant Scheme Program 
(CGS) to incentivize private-sector companies and 
public-sector R&D organizations to engage in joint 
scientific research and development projects with the 
goal of creating new commercially viable products and 
services, as well as innovative precompetitive 
technologies with significant future impact and market 
potential. CGS is implemented through a Direct Grant 
Agreement. The IF, with support from the World Bank, 
leverages international best practices in the design of the 
CGS that encourages stakeholders to increase 
collaborative R&D activities, as well as to utilize 
existing infrastructure in public sector R&D 
organizations. Under the CGS, the IF manages grants of 
up to EUR 300,000 per project for research and 
technology development projects in the duration of up to 
24 months. The IF has been awarded the direct grant of 
EUR 2.4 million of EU contribution and EUR 1 million 
provided by the national public contribution of Ministry 
of Education, Science and Technology Development, 
covering a maximum of 70% of total eligible project 
costs with 30% minimum co-financing provided by the 
sub-grant beneficiaries. Public call for proposals for this 
program was opened in 2016. A total of 96 project 
proposals were submitted and the majority of proposals 
came from the fields of food and agriculture, ICT and 
energy and energy efficiency. Out of 96 submitted 
proposals, 74 applications satisfied all eligibility criteria 
and 28 were shortlisted.  A total of 14 projects were 
approved for financing in this pilot public call, and again, 
food and agriculture dominate the selection (see Table 
1.). These projects are currently in the development 
phase and it is expected that new products, services and 
technologies will be created as a result of this 
collaborative process in the following 6 months. [2] 
Second, the IF is implementing the Serbia Research, 
Innovation and Technology Transfer Project 
(SRITTP),which is financed by the IPA 2013 in the total 
amount of 2.5 million EUR. The objective of  
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SRITTP is to stimulate collaboration between public 
R&D sector and the private sector in order to 
commercialize R&D and promote technology 
transfer [5]. The centralized Technology Transfer 
Facility (TTF) established within the IF, as one of 
the components of SRITTP. The TTF has been 
operating with a dual mandate: to demonstrate that 
commercialization of inventions arising out of 
Serbian public research institutes and universities is 
possible and to help build capacity of the existing 
technology transfer facilities to consummate 
technology transfer transactions with private sector 
companies. Since its establishment, the TTF has 
designed support program as a combination of a 
technical support and funding and built a pipeline 
through which the evaluation of proposals coming 
from R&D organizations is evaluated and further 
supported up to the commercialization transaction 
with the private sector companies. The TTF deploys 
the following Service lines: Eliciting disclosures 
from researchers; Screening technology commercial 
readiness (Triage); Funding the proof of commercial 
readiness activities to move the technology closer to 
the required technology readiness levels (financial 
support in maximum amount of EUR 50.000); 
Determining commercialization strategy and tactics, 
including the need for additional commercial 
readiness funding either from IF funds or externally; 
Executing the commercialization strategy and 
tactics; Identifying potential commercialization 
partners; Negotiating and closing transactions 
(contracting) with such partners; Monitoring and 
follow-up of further commercialization tactics; 
Contract research, Service contracts for industry, IP 
landscape analysis; Support in applying for EU and 
other donors funds and Innovation voucher scheme. 
So far, under TTF total of 26 applications have been 
received: 21 disclosures and requests for funding 
and 4 applications under the service line contract 
research, and one application under service line 
Support in applying for EU and other donors’ funds 
[6]. 15 projects have been approved financing, 
totaling 292.050 EUR as shown in Table 2. 

 
Table 2. Technology Transfer Facility Program Funding  
 Number of 

applications 
Approved Signed 

contracts 
Licensed 

Number  26 16 13/16 3/16

Total funding 
(RSD) 

/ 36.498.080 29.692.653 / 

In 2017, the IF launched Innovation Vouchers 
Scheme (IVS), part of the TTF Program, as 
additional service line for SMEs who want to use 
services of the public R&D organizations. The 
innovation vouchers scheme is a new financial 
support mechanism for small and medium-sized 
enterprises that use the services of the scientific 
research sector with the aim of raising the level of 
innovation of their products and becoming more 
competitive on the market. In the pilot phase, the IF 
has awarded 115 innovation vouchers in total 
amount of RSD 72 million [4]. Data presented in 
Table 3. 
 
Table 3. Innovation Vouchers Scheme Funding  

Number of applications Approved Signed 

Number  134 118 115 

Total Amount of 
funding  
(RSD)

105.400.532 92.855.532,5 90.361.802,5

IF Amount of 
funding 80%  
(RSD)

84.320.426 74.284.426 72.289.442 

Amount of co-
financing by the 
firms 20% (RSD) 

21.080.106 18.571.106 18.072.360 

 

3. SECTORIAL DISTRIBUTION OF FUNDING  
The funding support provided by the IF is sector-
agnostic. The fund accepts applications from all sectors, 
revealing a capacity for firm-led innovation beyond the 
ever-dominant ICT sector. Beneficiary companies have 
demonstrated potential in sectors as diverse as 
agribusiness, construction, and bioengineering. 
Distribution per sectors for CGS, TTF, IVS is shown in 
Table 4., Table 5. and Table 6. respectively.  

4. CONCLUSIONS 
Presented programs are directly responsible for 
significant number of newly created liaisons between 
academia and private companies regardless of industry 
sector or funds available. As shown, potential for such 
collaboration in Serbia is high.  

Number of applications for CGS exceeds available 
funding, and demand for the innovation vouchers greatly 
surpasses the allocated program budget. Considering that 
leading applicants in these two programs are from the 
private sector, it reflects willingness of private 
companies to seek partnership in public R&D sector, 
despite the belief that small and medium-sized 
enterprises are reluctant to cooperate with the academia. 
Although still pilot programs, CGS and TTF 
demonstrated good example of government involvement 
in building strong institutional collaboration between 
science and small and medium-sized businesses. 

Table 1. Collaborative Grant Scheme Program Funding 

Total Budget 
(EUR) 

Approved IF 
funding 
(EUR) 

Approved IF 
funding % 

Awardee co-
financing 
(EUR) 

Awardee co-
financing % 

4.376.276 3.000.000 68,55% 1.376.276 31,45% 
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Table 5. Approved Technology Transfer Applications by sectors 

Sector   Number of approved applications % 
Chemical engineering  5 31,25%

Mechanical engineering 5 31,25% 

Medical and therapeutical devices  3 18,75% 

Food and agriculture 1 6,25%

Software and application development  1 6,25% 

Environmental and climate protection 1 6,25% 

Total  16 100 

 
Table 6. Approved Innovation Vouchers by Sectors 

Sector   Number of approved 
innovation vouchers  

% 

Mechanical engineering  31 27,0% 

Food and agriculture 29 25,2%

Electrical engineering 9 7,8% 

Biotechnology  8 7,0% 

ICT (Information and Communication 
Technologies) 

7 6,1%

Software and application development 6 5,2% 

Other industry 5 4,3% 

Construction and civil engineering 4 3,5%

Energy and energy efficiency 4 3,5% 

Chemical engineering  3 2,6% 

New materials and nano-technologies 3 2,6% 

Medical and therapeutical devices 3 2,6% 

Environmental and climate protection 2 1,7% 

Metallurgy  1 0,9% 

Total  115 100 
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processes; higher rates of employee training, and 
new skill learning; achieving economic goals; and 
improving financial performance. SMEs have to 
focus on internal organizational processes in order to 
effectively implement ISO 9001. This includes 
quality culture, reduction of risky behaviour towards 
the successful implementation of ISO 9001, 
readiness analysis, and a dynamic business 
environment [2]. It is evident that in order to 
maximize the potential of the ISO 9001 standard, the 
internal processes of an organization, have to be 
intensely supervised, and effectively managed. 
Management has to address the commitment, and 
awareness of workers regarding quality management 
systems, and its benefits to the organization. 
Employees play a key role in the implementation 
process.The main elements of ISO 9001 
implementation include [4]: 

 customer relationship development (developing 
strong relationships with customers is 
important for re-purchase of products and 
services, and overall for developing customer 
loyalty);  

 research, and design of products, processes, 
and procedures (implementation of ISO 9001 
often requires the redesign of processes, and 
procedures in order to synchronize them with 
the requirements of the quality management 
system);  

 resource management(without adequate, and 
efficient resource allocation, the 
implementation process can be jeopardized);  

 security of processes (the new ISO 9001:2015 
standard focuses on risk management, and the 
security of processes play an important role in 
maintaining a safe environment where security 
risks are minimal). 

The literature in the domain of ISO 9001 
certification is dynamic, and the findings are often 
contradictory between each other. ISO 9001:2000 
was described as a standard that improves business 
performance[10].Contradictory to these findings it 
was argued that ISO 9001 certification didn’t bring 
improvement to business performance or other 
business processes [1].When addressing business 
performance, it often means an integrated group of 
performance metrics that includes productivity, cost 
reduction, customer satisfaction, innovation 
intensity, waste reduction, and higher product 
quality. It was argued that the ISO 9001 certificate 
fulfils only 40% of the requirements of thehighly 
respected quality achievement, the Baldrige award.  

The reasons are the following [6]: 

 certification is easy to achieve if only the 
certificate is the goal, and not overall organic 
quality improvement in the organization; 

 the ISO 9001 standard focuses on less 
important, minor problems rather than cardinal 
processes and procedures; 

 often the quality of products before and after 
certification is similar, and companies don’t 
see the point of certification; 

 the total quality management concept bring 
better improvements in opposite to ISO 9001, 
thus certification is not conducted. 

Some findings showed that implementing a quality 
management system doesn’t affect business 
performance if the majority of the competitors on 
the market are also ISO 9001 certified. However, if 
the competitors are not ISO 9001 certified, then 
there is an advantage if a company possesses a 
certificate [8].Dynamic markets with volatile trends, 
are prone to higher risks when it comes to ISO 9001 
certification. On markets where trends dictate 
product demand, and where customer loyalty is not 
developed, the percentage of ISO 9001 
implementation failure, is higher. During the 
implementation process, companies often choose 
simple quality tools, while the more complex tools 
are used only in special situations. Human resources 
are often the main influential factor in quality tool 
usage. If the workers, or even worse, the managers, 
are not committed to the certification process, the 
advanced quality tools will not be used, thus the 
benefits of these tools will not be utilized. This way, 
a significant portion of the positive benefits of 
quality management systems, is excluded. It is 
important to address these issues before the 
implementation process. The commitment aspect of 
quality management systems is crucial for a 
successful certification [5].  
This systematic review focuses on thorough analysis 
of various literature in order to determine the effect 
of ISO 9001 on overall business performance. In the 
next section the methodology of this research will be 
defined.  
 
3. METHODOLOGY 
Articles used in this systematic review were 
obtained through the Google Scholar, and KoBSON 
service. The main key words used to search for the 
adequate articles were the following: ISO 9001; 
ISO 9001 certification; ISO 9001 impact; ISO 
9001,and business performance; ISO 9001, and 
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financial performance. Predatory conference papers 
and predatory journal articles were avoided.  When a 
certain article was found it was downloaded and 
stored on the authors’ personal computer. Duplicates 
were removed, and the eligible articles were further 
analysed. Irrelevant sources were excluded. Every 
article was thoroughly analysed, and key findings 
were noted. In every article the business 
performance metrics were addressed, and noted 
accordingly. This way, a useful insight is given 
regarding the type of positive, negative or neutral 
impact of ISO 9001.For the overall review process a 
defined protocol was used that included the 
following steps:  

 Identifying, and obtaining articles through 
the Google Scholar and KoBSON services; 

 Removing duplicates; 

 First analysis of articles (ineligible articles 
were excluded); 

 Second analysis of articles (articles 
excluded with reasons); 

 Article selection for the systematic review, 
and qualitative analysis. 

The review protocol was created according to the 
PRISMA protocol which was developed by Moher, 
Liberati, Tetzlaff, Altman, and the PRISMA Group, 
in 2010 [9]. This protocol is widely acknowledged 
as an effective tool for conducting systematic 
reviews in various scientific domains. The PRISMA 
protocol includes specific review steps that makes it 
easier, and more effective to analyse literature for a 
systematic review. In the next section the obtained 
results are presented.  
 
4. RESULTS 
Thirty (n=30) scientific articles in the domain of ISO 
9001 certification were used for this systematic 
review. In Table 1, the sample size, and the impact 
of ISO 9001 certification on company performance 
(positive; negative; neutral), are presented. The 
labels in the “Impact of ISO 9001” column have the 
following meaning: Q-overall quality; FP-financial 
performance; PQ-product quality; OP-operational 
performance; PC- process control; CI-communi-
cation improvement; CS-customer satisfaction; IN-
innovation; PM-process management; PR-
production; BP-business performance; IE-internal 
efficiency; CP-competitiveness. The mentioned 
labels are the metrics that were analysed in 
individual articles. These metrics were used to 
determine the impact of ISO 9001 certification on 
overall business.  

 
Table 1. Sample size, and impact of ISO 9001 

Sample size Impact of ISO 9001 
131 Neutral 
108 Positive – Q, BP 
713 Negative – FP 
872 Neutral 
287 Positive – PQ, OP 
120 Positive – PC 
414 Neutral 
239 Positive – IN 
800 Neutral 
133 Positive – PM, OP 
20 Positive – CI 
1000 Neutral 
106 Positive – PR 
27 Positive – FP 
441 Positive – BP 
352 Positive - PM 
87 Positive – PQ, BP 
168 Positive – FP, PQ, CS 
143 Positive – FP, BP 
209 Neutral 
3 Positive – BP, FP, CS 
N/A Neutral 
287 Positive – CS 
138 Positive – CP 
N/A Positive – BP 
255 Neutral   
749 Positive – IE 
200 Negative – IE 
1150 Positive – OP 
1000 Negative - FP 

 
The sum of all samples of the analysed articles is 
9280. The sum of samples where positive impact 
was reported is 3686 (39.72%). The sum of samples 
where negative impact was reported is 1913 
(20.6%). Finally, the sum of samples where neutral 
impact of ISO 9001 certification was reported is 
3681 (39.33%).It is important to note that these 
percentages are referred to the sum of samples in 
individual articles. Therefore the number of 
companies that reported positive, negative, or 
neutral ISO 9001 impact in each individual article is 
not presented.  
To determine apositive impact of ISO 9001, the 
following metrics were analysed: improved business 
performance, financial performance, operational 
performance, improved quality, higher customer 
satisfaction, and increased productivity. For the 
negative impact, lower productivity, higher costs, 
difficulties in implementation, and lower financial 
performance were addressed.Neutral impact was 
noted where companies didn’t report any 
improvement after ISO 9001 certification.  
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5. CONCLUSIONS 
Based on the obtained results, it can be concluded 
that ISO 9001 certification can have a positive 
impact on business performance. However, the 
neutral impact also has a high percentage. 
Companies that had good business performance 
before ISO 9001 certification, didn’t report dramatic 
improvement. Negative impact of ISO 9001 
certification was reported when managers didn’t get 
involved with the implementation process. This 
resulted in time miss-management, higher costs, and 
unachievable deadlines. Therefore, it is important 
for top managers to get involved, and to be 
committed to the implementation of the ISO 9001 
standard. The results presented individual article 
samples sizes, and ISO 9001 impact on business 
performance. It is interesting to see the contradictory 
reports from companies regarding benefits, and 
improvements (if any) after ISO 9001 
implementation.  
Certainly, the findings of this research are 
moderately significant. It provides a solid base for 
future research in the domain of quality management 
systems. Practical implications of this paper may 
include use from companies, and managers who are 
thinking about ISO 9001 implementation. The 
limitation of this paper is the lack of detail in data 
presentation when it comes to individual articles. 
However, this could annul the concise nature of this 
paper, and could invite confusion to the readers. 
Therefore, for in-depth detail on this subject, it is 
recommended to conduct a similar research in the 
domain of ISO 9001, with the focus on specific 
business performance metrics, and statistical 
data.Additional conclusions can be drawn from the 
mentioned recommended research.  
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Abstract: By the development of science, technique 
and technology, there is an increase in 
environmental awareness in all segments of modern 
business and life. Especially in the last decades, 
environmental issues have significantly increased on 
the list of priority issues, especially in the supply 
chain management (SCM), where increasing 
emphasis is focused on environmental sustainability. 
A literature analysis indicated that this led to the 
development of management of so-called Green 
Supply Chain (GrSC). However, the legal 
framework that formulates regulations for fulfilling 
especially ecological norms has a problem related to 
the lack of adequate literature in the field of 
management of the GrSC (GrSCM). This paper aims 
to demonstrate the importance of environmental 
sustainability for the SC in conditions of much 
harder competition in the market, in order to meet 
the needs of the end user. In this context, some of 
the possible ways to influence the improvement of 
GrSCM will be presented. 
Keywords: SCM, GrSCM, logistics, environmental 
sustainability 
 
1. INTRODUCTION 
 
The concept of supply chain (SC) has been present 
in the literature in the 1980s, and its adopted precise 
definition still does not exist. It can be noted that 
within a number of definitions, the SC at the first 
includes the exchange of goods and information in 
logistic processes that begins with the procurement 
of raw materials until the delivery of finished 
products and/or services to the end user, including 
reverse flows; all suppliers, service providers and 
users must be linked to the efficient functioning of 
the SC (Chorpa and Mendl, (2004), Simchi-Levi, 
Kaminsky, and Simchi-Levi (2009) et al., Glossary 
of SCM Council…). 
Previous researches in the SC domain have been 
mostly related to the analysis of its functioning at the 
global level from the aspect of the functioning of all 
its members. Bearing in mind the strengthening of 
competition on the market in order to maintain the 

SC's existence and its competitiveness, from the 
aspect of one, for example, production company, it 
is important to perceive at and improve internal 
processes (Marinagi, Trivellas and Sakas, 2014). 
Therefore, lately more and more attention has been 
focused to elementary logistics activities in the field 
of intralogistics, from the aspect of SC functioning. 
In addition, there are increasing demands for the 
integration / inclusion of SCM's environmental 
protection, both in the domain of research and 
practice.  
The joining of ecology and SCM has led to the 
emergence of GrSCM, which implies the 
strengthening of environmental awareness in all SC 
segments. Having in mind that the complexity of 
environmental issues is a relatively great challenge 
for researchers, there are numerous aspects to 
enhance SC's competitiveness from an 
environmental point of view. This paper aims to 
show only some of the numerous tendencies and 
opportunities in the GrSCM domain. After the 
introduction, it was first given the definition of the 
term GrSCM, as well as some of the advantages that 
a company can achieve by its introduction. Then, in 
practice, some of the ways to improve the 
management of the GrSC are described. In the next 
part, the tendencies in the GrSCM were analyzed, 
with emphasis on some subsystems of logistics that 
may be of relevance to SC competitiveness. 
 
2. GrSCM – DEFINITION AND POTENTIAL 
BENEFITS OF ITS IMPLEMENTATION 
 
In today's business environment, competition is 
getting tougher, and companies have to choose their 
place in the market. In addition to increasing profits, 
lowering costs in various areas of the company's 
business, increasing attention is also focused on the 
impact on the environment. The negative impact on 
nature and natural resources is becoming more 
pronounced, and in recent times a special point has 
been put on reducing or even eliminating these 
negative impacts, if possible. One way to achieve 

20



this goal is to introduce a green supply chain 
(GrSC).  
GrSCM points to the relationship between SCM and 
environmental impacts and aims to minimize or 
eliminate waste, harmful substances emissions 
during the procurement, production, distribution of 
the final product, and to manage end-of-life 
products. Therefore, GrSCM has an impact on every 
company that participates in the SC, and in that way 
contributes to sustainable development and thus to 
the living environment.  
In this way, opportunities have been created to 
integrate environmental awareness into the SC, 
beginning from supply, product design and 
production and also to the management of EoL (End 
of Life) products. GrSCM includes activities in the 
areas of ordering, production, distribution and 
reverse logistics, which create positive 
environmental effects (China, Tatb and Sulaimana, 
2015). The basic components of GrSC are shown on 
figure 2.1. When compared to traditional SC, use of 
GrSC provides number of advantages: 

 
Figure 2.1. Basic components of GrSC 

 
-  a healthy environment for life, - reducing the 
negative environmental impact of business entities, 
- reducing:  

* costs of procurement, production, 
* the use of primary raw materials for 

production, the price of (certain) products 
(using recycling materials), 

* waste handling and disposal costs,,  
- interruption / prohibition on the use of hazardous 
substances in SC.  
Along with the above advantages, the impression 
that the company leaves on its users and society is 
better when it is noticed that it has awareness of 
environmental protection. In addition to the 
advantages achieved by the implementation of the 
GrSC, there are some shortcomings: insufficient 
acceptance or complete ignorance / rejection by 
management and other employees (as a rule as a 
result of insufficient information on the importance 
of ecology in business), high implementation costs, 
etc. However, in order to maintain and improve the 
competitive position of the market, it is necessary to 
be flexible from the aspect of satisfying the demands 

of the users, along with the respect of environmental 
sustainability in all its segments.  
The imperative of successful business is reflected in 
the environmental sustainability of each entity in 
SC. According to the latest trends / regulations, each 
product must be made so that it (or its components) 
can almost (could) be reused (reusable, recyclable, 
etc). 
Having that in mind, it is clear that the SC 
management process is more complex if one aspect 
is added - ecology, which is explained in more detail 
below. 
 
3. MANAGING GrSCM FROM THE ASPECT 
OF ENVIRONMENTAL SUSTAINABILITY 
 
Respecting environmental sustainability as one of 
the imperatives of successful business, in practice, 
most commonly encountered two ways of managing 
the GrSC. The first way is shown on Figure 3.1. 
(http://scmitc.com/ accessed on 30.03.2018) 

 
Figure 3.1. Components of the first way of GrSCM  

 
The Second way involves one of the most common 
practices of GrSCM that includes (Ninlawan et al., 
2010): 
- green procurement,  
- green production,  
- green distribution and  
- green logistics  
Due to spatial constraints, this paper focuses 
attention only on green logistics, whose components 
are shown in Figure 3.2.1  
Green logistics involves shipping goods to the end 
user using alternative fuels, forming bulk 
consignments, investing in vehicles with reduced 
negative environmental impact, adequate routing of 
vehicles to reduce costs and time of transport, etc. 
As shown in the Figure 3.2, green logistics has its 
subsystems: transport, storage, information etc.  
An indispensable process of particular importance 
for environmental sustainability is the reverse 
logistics - it refers to the taking of products from the 
end consumer in order to further its treatment 
(Ninlawan et al., 2010). 

                                                 
1https://www.oocllogistics.com/eng/ourcompany/aboutus/
environmentcare/Pages/Environmental%20CARE%20Ma
nagement.aspx (accessed on 19.03.2018) 
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Figure 3.2. Components of Green Logistics as a 

segment/part of the GrSC 
 
Reverse logistics activities include, among others, 
the collection of used products, sorting, transport to 
the processing site, re-processing, etc. It can be said 
that these activities permeate all the listed 
subsystems of green logistics and will be considered 
in the next part of this paper, which deals with the 
analysis of some tendencies in improving the 
functioning of the GrSCM. 
 
4. THE IMPORTANCE OF ECOLOGICAL 
PACKAGING IN GrSCM 
 
None of the entities of SC doesn't function 
independent from the others, so environmental 
sustainability can't be analyzed in only one segment 
of SCM, without respecting others. So the packaging 
is present more SC entities, like production, storage, 
transport. One of the first tendencies from that 
aspect is that companies are reducing assortment and 
quantity of product packing, as well as reducing the 
expenses of transport, energy, etc. The most present 
in praxis and the aim are two aspects: 
a) special attention is directed towards to higher use 
of used – reverse packing where it is used multiple 
times, which leads to reduce quantity of waste and 
there are big possibilities of saving when compared 
to production of „new“ packing;  
Praxis shows there are two ways of used packing 
flow management (modified, taken from Tadić and 
Zečević, 2009): 
1. Consumers sort materials from recycling packing 
and disposal; it is recommended that sorted materials 
are transported to place of their further treatment,  
2. Manufacturers undertake to return the packaging 
of used products (and their parts) with the delivery 
of new products; this is the process of one part of the 
established reverse distribution/logistics system; 
b) packaging materials should be biodegradable and 
not affect the eco-system (Gandhi and Sharma, 
2014). 
One of the present and significant tendencies in the 
development of environmental packaging is that 
materials that have already been used are used for 
packaging production. Thus, plastic bags in retail 
facilities are increasingly replaced with reusable 
bags, made of recyclable materials, easy to maintain. 
Furthermore, the developed countries the years ago 

instead plastics, have introduced the use of paper 
and bags from biodegradable plastics (so-called eco 
bags). Some of them favor bioplastics, whose 
production was expensive so far, but with the 
development of new technologies, biodegradable 
bags (and other products, such as glasses), are 
financially and functionally competitive with plastic 
ones (Figure 4.1)2.  

 
Figure 4.1. Bags/packages and other products made 
of biodegradable materials.  

 
For example, scientists are even testing the 
production of bioplastics bags made of sugar and 
cereals, which can eventually be used for the 
production of compost. Compared to plastic bags, 
linen bags are a better solution. Their production 
requires far less energy, and moreover, their 
exploitation is longer than plastic and paper bags3. 
In the area of packaging and handling, there is an 
interesting trend in the range of pallets. A significant 
number of companies perform logistics activities 
using standard pool pallets (800mm x 1200mm); 
made of wood (material from nature), that is 
intended for multiple use, but when irreparable 
damage occurs, it is subject to write off and most 
often to thermal treatment. 
The use of cardboard instead of a wooden pallet is 
thus one of the possible impact on the GrSC. 
Cardboard Pallet (PalletKraft) is a novelty in the 
field of palletization (see Figure 4.2.). This pallet is 
efficient and tolerates loads as well as wood and 
easily adapts to the requirements of the users. The 
lower weight, the ability to adapt and other 
advantages of the carton pallet reduce transport costs 
by up to 2%.4. The material is a paper hollow profile 
that proved to be extremely suitable material for the 
creation of this group of logistics units. This pallet 
was present at LogiMAT 20185 Logistic Fair. The 
first of the advantages of a cardboard pallet is its 
weight of 7 kg (unlike wood, weighing up to 28 kg). 
It can be noted that carton pallets represent a 
logistics solution of the 21st century. There are 
numerous advantages of using this pallet in relation 

                                                 
2 http://retaildesignblog.net/2012/11/21/brokulaz-
packaging-by-bruketa-zinic/ (accessed on 23.03.2018)  
3 ibid 
4 http://www.palletkraft.si/hr/ (accessed on 31.03.2018)  
5 https://www.mm-logistik.vogel. de/ logimat/ 
articles/693905/ (accessed 23.03.2018) 
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to wood ones6: reduction of damage of goods in 
transport, better absorption of vibration (cca 80%), 
up to 75 % lighter than wooden one, high load 
capacity (up to 2.500 kg), more favorable for clients, 

 
Figure 4.2. Cardboard pallet (PalletKraft) 

 
savings in transport costs (for example, in a semi-
trailer with 30 pallets, the pallet mass decreases by 
up to 0,6t, where lower fuel consumption results in a 
reduction in environmental pollution).  
Additionally, they are resistant to insects and 
bacteria, comply with international regulations 
(export ready - ISPM 15), recyclables, etc. This 
trend is also present in mini-load units (see Figure 
4.3) with all the positive effects that come from their 
application.  

  
Figure 4.3. Cardboard mini-load unit 

 
It is shown that this solution approach positively 
influences both environmental and economic effects, 
and experts from this field are engaged in testing 
various innovations in this field.  
 
5. CONCLUSION 
 
With the increase of number and assortment of user's 
demand, the complexity of SC also increases where 
one must have in mind that every member of SC 
directly or indirectly has the effect on the pollution 
of the environment. That is the reason why 
traditional SC gets environmental component which 
creates GrSCM. While in significant number of 
countries this is already praxis, in other it is in the 
early development (like Serbia). 
GrSC implies lot of innovations in SCM, because 
from supply to fulfillment of user's demand his 
functionality is analyzed from the aspect of saving 
the environment. Therefore, it is very important that 
all SC members have awareness of environmental 
sustainability (Kumar, Teichman, Timpernagel, 
2012). In order to function with success, GrSC must 
be accepted from all the participants. To maximize 
the positive effect of its functioning, the changes 

                                                 
6 http://www.palletkraft.si/hr/ (accessed on 25.03.2018)  

must be included in all the components of the SC. It 
is logical that there are numerous areas of researches 
in this area with the possibility of increase in 
environmental and economical efficiency, safety and 
other advantages that follows this trend. 
So called „green praxis“ in this area are very 
significant, like decrease of usage of natural 
resources, re-usage of used products (and/or their 
parts), recycling of used and EoL products and 
materials in order to get new source of raw materials 
etc. This paper deals with one segment of GrSCM 
domain which shows some tendencies related to 
wrapping material focused on cardboard pallets and 
mini load logistics units. 
Future researches should focus on product 
design/construction, material choice and acquisition, 
manufacturing processes, delivery of final product to 
customer, but also on product managing after 
expiration of expiry date, and all that in context of 
environmental sustainability of SCM.  
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Every system depends and a small set of constraints. 
However, identification of the system as a whole is 
often overlooked. Fredendall & Hill claim that it is 
important to define system before applying 5FS, in 
order to establish its boundaries, purpose, and a set 
of measures [3]. Value Stream Mapping (VSM) has 
been used extensively for providing the overview of 
the system. It shows a series of events that transform 
raw material to finished products, and it includes a 
set of measures used for diagnosing the state the 
system is currently in [6]. As such, VSM is a perfect 
candidate to define system in a pre-implementation 
phase of 5FS. However, some adaptations to specific 
manufacturing environment (process industry) is 
needed, given the fact that VSM has been developed 
primarily for discrete manufacturing. For example, 
in process manufacturing takt time is not as 
important as if the rate of production, buffers 
between processes don’t play significant role (and 
they usually don’t exist), focus is on resource 
utilization rather than labor utilization, which in turn 
requires specific set of measures, etc. [5]. 
This paper shows results of action research, where 
VSM and 5FS have been applied together in order to 
improve the capacity of the production line in 
confectionary industry. The remainder of the paper 
is organized as follows: second section gives a short 
overview of methodology used; third section gives 
brief examination of the results obtained, and is 
followed by conclusion. 
 
2. METHODOLOGY 
The research focuses on a single company. Using 
single company can be appropriate if it provides an 
opportunity to observe and analyze a phenomenon 
previously inaccessible to scientific investigation, 
and if longitudinal approach is taken, i.e. if 
functioning of case company is analyzed over a 
considerable period of time [9]. 
Company SUGAR (real name is obscured) is typical 
confectionary manufacturer. It produces a wide 
variety of confectionary products, such as 
chocolates, candy bars, cookies, waffles, and snacks. 
The company has stable but increasing demand, with 
high production volumes. Salty sticks are one of 
company’s most recognizable products. They come 
in variety of tastes, all produced on the same 
production line. The demand for this product is on 
the rise, so the management has been seeking ways 
to increase capacity, while at the same time delaying 
the decision on investing in new equipment. The 
management was aware that current production line 

is constrained, but wanted to explore the possibilities 
of increasing the capacity. 
The research involved cooperation between 
researchers, company managers and employees. 
Having that in mind, as well as the fact that research 
question ‘relates to describing an unfolding series of 
actions over time in a given group, community or 
organization’, the research can be further typified as 
action research, as a variant of case research [1]. A 
process consultation model was chosen. Here, 
researchers help the clients inquire into their own 
issues, and actively participate in the design and 
implementation of the solution [7]. A consistent 
approach was developed and well documented, so it 
can be followed by other researchers [8]. 
Researchers’ subjectivity was mitigated by including 
management and employee representatives in the 
research team. All decisions were made by 
consensus. In turn, employee subjectivity was 
mitigated by the presence of researchers. 
Research has been conducted in two phases: (i) 
VSM in order to define the system, identify its 
purpose, and decide on and set-up measurements; 
and (ii) implement 5FS in order to increase the 
systems’ capacity, with special attention to first 
three steps of the procedure. 
 
3. RESULTS 
VSM for salty sticks production process is given in 
Figure 1. Being that procurement and delivery were 
out of focus of this research, only processing steps 
are shown on the map. Since production is scheduled 
on the first step of the process, and can be classified 
as “push” (which is often case in process industries), 
production control paths have been left out of the 
map as well.  
The process consists of seven steps, with continuous 
flow between them and no buffers. Steps two, three, 
four and six are capital intensive, while steps five 
and seven are labor intensive. Step one is a 
combination of capital and labor intensive work. The 
production line works five days a week (also 
weekends if necessary), three shifts per day, 8 hours 
per shift (with one 30 minute break per shift). As for 
measures, maximum capacity (as defined by 
equipment manufacturer) and effective capacity 
(maximum achieved capacity) were measured. 
Required capacity is determined according to system 
bottleneck. i.e. baking and cooling. Utilization is 
calculated as ratio between effective capacity and 
required capacity. Changeover time is determined 
according to archival data. 
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Figure 1. Value Stream Map for salty sticks production process 

 
Baking and cooling process has been identified as a 
constraint, being it is a process with the lowest 
capacity. The process is performed in an automated 
oven fed by a conveyer belt. The existence of 
constraint was known even before the VSM. 
However, VSM introduced systems view of the 
entire process, where both managers and employees 
were able to grasp interdependences between 
different phases of the production. Besides that, 
VSM also helped to focus on the part of the process 
up to baking and cooling, being that performance of 
baking and cooling is directly influenced by 
preceding steps. 
Next task was to decide how to exploit the 
constraint. One of the main issues were changeovers, 
which are complex, and require for the entire 
production line to stop for a certain amount of time 
in order for the production line to be thoroughly 
cleaned. Changeover and cleaning processes were 
unstructured, and organized and staffed in an ad hoc 
manner. This resulted with high variations in 
changeover time, where cleaning could last from 2 
hours to more than 4 hours, which in turn resulted in 
great loss of capacity. As a countermeasure, new 
changeover and cleaning procedures have been 
designed, and small investment in new cleaning gear 
has been suggested. This resulted in changeovers 
being repeatable, manageable, and able to plan. 
SMED technique has been used extensively during 
this phase. Second issue were breaks, where the 
entire line stops for 30 minutes per shift and all of 
the workers go on a break, resulting in loss of 90 
minutes of capacity per day on a constraint. The 
production line is largely automatic, requiring just 
monitoring most of the time (given that there are no 
disruptions to the process flow). Having this in 
mind, it has been decided that production line should 
work all the time, where one half of the workers go 
on break, leaving the other half to man the line, and 
switching after 30 minutes. 
Exploiting the constraint, it became important for 
the baking and cooling process to be supplied with 
work all the time. Pareto analysis has been 

performed in order to identify major sources of 
disruptions to the flow. The analysis showed that the 
major issue is with the cutting knife, located on the 
end of dough forming station. The knife is covered 
with the Teflon foil, which gets depleted over time, 
sooner or later depending on the ingredients used in 
the dough, as well as the quality of the foil itself. 
When the foil gets depleted, it requires change, done 
by technical maintenance staff. The procedure itself 
is short, lasting about 10 minutes, followed by knife 
adjustment. However, depending on the availability 
of maintenance staff, the time between reporting the 
damage on the knife and replacing the foil could be 
as long as one hour or more. Moreover, the analysis 
showed that the production line loose 24 minutes per 
day on average, due to the issues with the cutting 
knife. Foil change is considered to be a problem 
with low significance by maintenance staff, since it 
usually prevents them to commit themselves to more 
serious technical issues. As a countermeasure, 
production line employees were empowered and 
trained to change the knife themselves when the 
issue occurs. Since foil change requires special care, 
it is still done by the maintenance staff. However, 
the system similar to two-bin Kanban has been 
introduced, with one backup knife being prepared 
for the production line to replace the damaged one. 
When the damage one has been replaced, it is sent to 
maintenance to change the Teflon foil. 
 
3. RESULTS 
New changeover procedures stabilized changeover 
and cleaning time, and resulted in decrease of 
changeover time of 49 minutes on average 
(depending on the type of the product). It has been 
estimated that this decrease will save approximately 
1550€ of wasted capacity per month. 
Having in mind the capacity of baking and cooling 
process (403 kg/h), it was possible to produce 9067 
kg of products per day, in a situation where there are 
no disruptions to production process. Just by 
introducing new scheme for taking breaks, it was 
possible to increase daily production to 9672 kg. 
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This increase will lower the requirement for extra 
shifts and working on weekends, which are 
measures often used during periods of increased 
demand (summer and first half of the fall). Previous 
way of working required 26 extra days (weekends) 
per year, while new way requires 15 extra days of 
work per year. This means that this extra capacity 
can be utilized should the demand rise even more. 
Subordination of the system to the requirements of 
the constraint resulted in the increase of the capacity 
of the oven. By maintaining uninterrupted flow of 
products (through autonomous maintenance) from 
the dough forming station, the average capacity was 
increased from 403 kg/h to 414 kg/h, meaning that 
daily production can be increased to 9936 kg, having 
in mind that available time for production is now 24 
h per day. This increase can also be used to lower 
the need for extra days, or it can be utilized to follow 
the increase in demand when it occurs. Given the 
fact that the maximum observed capacity is 422 
kg/h, this leaves the room for future improvements. 
 
4. CONCLUSIONS 
This paper presents the results of an action research, 
where VSM and 5FS were applied together to 
increase capacity of a production line in 
confectionary industry. VSM has been used in order 
to define the system that needs to be improved, 
including its purpose, boundaries and set of 
measures to be taken. After that, the 5FS approach 
has been applied in order to improve system’s ability 
to continually obtain goals. Focus was on first three 
steps, where constraint was identified, later 
exploited, and the rest of the system was 
subordinated to the constraint. The application led to 
consequential increase in capacity of production 
line, and prevented additional costs such as overtime 
or introduction of additional shifts. In addition, the 
improvements did not require significant 
investments in new equipment. 
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until their storage, and aside from being significant 
as a technical indicator, it is also important as an 
economic indicator of freezing current assets, 
especially raw materials. There can hardly be any 
enterprise that does not monitor PC time through 
documentation and analytically, but rarely do they 
monitor the elements of work within the PC and by 
analyzing those elements affect their reduction and 
thereby PC time reduction.  
For developing and transitional economies in 
particular, SME development holds the added allure 
of being a key component of wider economic 
development and poverty alleviation. The SME 
community is seen as a major and sustainable 
generator of employment and income (and therefore 
tax revenues) for citizens working outside of the 
State sector. In the case of transitional economies, 
although many State-owned enterprises can also be 
SMEs, SME development is broadly synonymous 
with private sector development. In developing 
countries, SMEs can also serve as a useful bridge 
between the informal economy of family enterprise 
and the formalized corporate sector. Some of a 
country’s more able SMEs may also be a source of 
foreign exchange earnings, if they are able to meet 
the quality and quantity standards required to export 
their products or services overseas ( ESCAP). 
 
2. SMALL AND MEDIUM SIZED 
ENTERPRISES  
In most theories is the notion that SMEs are at a 
disadvantage in participation in production networks 
compared with large firms. SMEs face, to a higher 
extent than large firms, resource constraints (in 
terms of finance, information, management capacity, 
and technological capability) [9, 6]. 
The probability of SMEs joining production 
networks (as direct exporters, indirect exporters, or 
overseas investors) is lower than that of large firms. 
Furthermore, justification exists for public policies 
to support the entry of SMEs in production 
networks. In the main, such support should be 
geared to an enabling environment that opens access 
to markets, reduces bureaucratic impediments 
against SMEs, and provides appropriate SME 
institutional support services. 
Technological machine time ttm, viewing production 
against machinery, is exclusively linked to machine 
performance and the quality of technological 
calculations, and is mainly a deterministic category. 
However, if the production cycle is viewed from the 
aspect of a serial sequence of operations, the 
elements of working time differ, depending on the 

automation level. If production is automated, then ttm 
for a series will be simply a sum of individual n 
equal operations. However, if each part has to be 
manually or mechanically conveyed for processing 
from a joint crate or some other room where a 
certain series of parts is stored, manual placement on 
the machine is ancillary manual time – tpr (in theory, 
this refers to individual pieces). Such time is not 
frequently encountered in literature (rear examples 
are papers [8] dealing with the division of working 
time elements.  
According to Gits [5] production is one of the key 
and primary function of the organization. Huang et 
al. [7] argued this requires the companies to be 
efficient, work to optimize, and improve the 
productivity level.  Muchiri & Pintelon [11] are of 
the view that production losses lead to decrease in 
productivity due to an inefficient manufacturing 
process.  
Typically SMEs and especially small enterprises are 
not only adaptive and innovative in terms of the 
products but also their manufacturing practices. 
Recognizing the continuing competitive pressures, 
small organizations are becoming increasingly 
proactive in improving their business operations [1], 
which is a good starting point for introducing lean 
methods. 
 
3. LEAN CONCEPT 
The term lean is used to denote a modern, successful 
business philosophy, that is, production of a world 
class characteristic of the modern era of business. 
The goal of this philosophy is to enable the company 
to achieve a satisfactory, if not a leading, market 
position in conditions of rising competition, falling 
customers' loyalty, constant technological 
innovations, drastic cuts in the life of products. The 
secret or key to success of the concept of managing 
production operations lies in "... the tendency to 
eliminate all forms of loss and wastage of 
production resources, while improving the quality, 
flexibility and speed of response to the impulses that 
come from a turbulent environment."  
Observing differences, traditional, or mass 
production, is considered an outdated paradigm, 
precisely because there is no direct link between 
production and demand. On the other hand, lean 
represents a new paradigm, since the production of 
different models in small series directly meets the 
needs of customers, and allows the company to 
adapt to market changes more easily and quickly. 
The smaller the series, the overall business process 
is easier and better run. Lean production takes place 
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continuously, from a single-phase flow, emphasizing 
the optimization and integration of machines, 
materials, people and objects [4]. 
Many companies have a very poor system of 
preventive maintenance, or because of cost 
reduction, they decide to buy cheaper and less 
reliable machines [3]. Practice shows that the costs 
that are caused by product congestion are much 
higher, because in this way the problem of delay in 
delivery is primarily a problem, which in today's 
conditions of intense competition can be a very 
serious problem, because the customer will be 
disappointed with the delay to choose another. 
Lean is one of the most influential new paradigms in 
manufacturing, and has expanded beyond the 
original application on the shop floor of vehicle 
manufacturers and component suppliers in the auto 
industry, ranging from “heavy” industries such as 
primary metals (notably Alcoa’s production system 
see www.alcoa.com) to aerospace businesses [14]. 
In particular when applied to sectors outside the 
high-volume repetitive manufacturing environment, 
lean production has reached its limitations, and a 
range of other approaches to counter variability, 
volatility and variety have been suggested. Here, the 
often quoted lean-agile debate is applicable, 
discussing whether an agile or a lean strategy, or 
even a hybrid approach is most suitable [12, 13]. 
The ultimate goal of eliminating activities that do 
not add value is actually shortening the duration of 
the process. One of the most important measures for 
the success of lean implementation is the reduction 
of the time that elapses from the moment the 
company receives the order until the moment of 
delivery and lead time [10]. The basic assumption is 
that as little as possible the product takes time in the 
system, it will be less costly to join. 
 
4. METHODOLOGY 
The methods and techniques used in the function are 
the realization of the set goals and tasks of research, 
that is, for the development of the stochastic model 
of optimization of the production cycle in small and 
medium enterprises, as well as proving the set goals 
of the research. 
The descriptive method of theoretical analysis 
provides an overview of relevant research and 
experiences in the field. The method of the study of 
the documentation and the methods of theoretical 
analysis were used in the study of the selected and 
available domestic and foreign literary sources. In 
order to realize the research, already known 
statistical methods were used, while analysis, 

synthesis, induction and deduction were used as 
rationalistic methods for logical conclusion. A 
modified instant observation method (record sheet) 
was used to collect data. 
In the research, the stochastic method of optimizing 
the production cycle time in small and medium 
enterprises are experimentally proved. The method 
is graphically and mathematically checked in a 
multi-year study, and in this paper we present only 
the segment of the obtained results. 
A modified work sampling method will enable the 
determination of the participation percentages of 
working time elements against the total duration of 
the production cycle and production. As this method 
is statistic and is based on a certain number of 
instantaneous observations of a certain activity, it is 
simpler to use and more efficient than the continual 
streaming method. Monitoring within the production 
cycle will involve technological time with lead time 
and manufacturing time, non-technological time 
with times for transport, control and packing, while 
non-production time includes stoppage due to poor 
production organization, lack of materials, lack of 
tools, including the failure or breakdown of 
machinery and other types of stoppage, their 
interdependence, as well as impact factors such as 
series size, organizational level and product 
characteristics pertaining to the factors mentioned. 
 
5. RESULTS AND DISCUSSION   
Representative screening time is related to the length 
of the production cycle time. Production and 
productivity are also related to the production 
dynamics which are planned at the operational level 
on a daily, weekly or monthly basis. Hence, the 
production cycle for the above mentioned periods is 
also provided for the purposes of monitoring and 
comparing.  
Screening performance requires the precise 
definition not only of technological and 
mathematical problems, but also of the practical 
screening process and the establishment of working 
time elements. Thereafter, the elements of 
production cycle working time should be defined 
and, in particular, the difference against the elements 
of working time related to machinery, i.e. for the 
purpose of establishing the machine capacity only or 
within the production cycle, because these two are 
not the same.  
In this paper we present some of the results obtained 
by surveying result in a medium-sized company. 
The company is family owned and has 20 
employees. It deals with the production of school 
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flow of materials. Optimizing the flow of materials 
is of particular importance in achieving the required 
level of efficiency of the production process. 
The term "flow of value" is used to show that there 
is the right order (most optimal) for all business 
activities, how they are interconnected and how they 
all contribute to a successful business together. The 
flow of value is always viewed from the customer's 
side, observation begins on the one side where the 
flow stops (at the buyer) and is traced to the source, 
i.e. to the very beginning (to the supplier). This can 
be seen as a river with many tributaries, each of 
which adds a new flow to the main flow (values for 
the customer) [2]. 
 
3. EFFICIENT PRODUCTION 
Optimization of production and business processes 
has become the target point for all companies to 
strive. Traditional analytical tools used to increase 
process efficiency and reduce costs have mostly 
focused on the physical processes involved in each 
stage of production, while alternative methods of 
increasing efficiency consider the process as a whole 
and optimize the integration of each stage of 
production [3]. 
Flexible production involves continuous and 
interrupted production flows, that is, the benefit and 
advantage of these flows, compensating for their 
shortcomings, with the aim of continuing the flows 
of materials within the production. This means that 
the system can respond to the requests of each 
individual customer in the shortest possible time, 
without stalling in the production, accumulation of 
unfinished products, and the like [4]. 
Pull production is the opposite of Push. This means 
that the products are made only when the buyer 
requests it or pulls it out, and not earlier. 
Accordingly, there is no production without the 
demands of customers. After the introduction of 
tactile production, single current flow of materials 
and reliable machines, the enterprise can introduce 
pull production, providing products at the moment 
when the customer needs them. 
 
3. MODERN CONCEPTS AND TRENDS OF 
PRODUCTION 
In the literature, industry 4.0, which is also called 
"the industry of the future" or "smart 
manufacturing", does not seem to refer to a single, 
common definition. Nevertheless, experts agree that 
digital technology will play an essential role: 
industry 4.0 production processes will incorporate 
autonomous technology and tools that will 

communicate with one another throughout the value 
chain, thereby disrupting the role of operators and 
managers [5]. 
A simple definition, proposed by Bidet-Mayer [6], 
describes "connected factories that are made flexible 
and smart through networks of machines, products 
and individuals." Schumacher et al. [7] provide a 
more detailed definition of Industry 4.0 by referring 
to recent technological developments where the 
internet and support technologies provide a 
backbone for incorporating physical objects, human 
beings, smart machines, product lines and processes 
across organizational boundaries in order to form a 
new sort of smart, networked, agile value chain. 
Industry 4.0 therefore implies constant 
communication with all of the parts of the value 
chain that are outside the company, especially 
suppliers and customers. Real-time sharing of 
information among 4 all the different stakeholders 
makes the supply chain more responsive [8]. In 
addition to this horizontal integration of the value 
chain, there is also vertical integration: all the 
operations carried out in the company may now be 
connected and optimised in an integrated network 
[5]. 
The advancement in the digitalisation within 
manufacturing and electronic data interchange 
linking supply chains has led to the emergence of 
Industry 4.0 [9]. It is critical to understand the role 
of Industry 4.0 in today's fast-changing and 
competitive business environment; where companies 
are facing challenges in dealing with big data and 
rapid decision making for the improved productivity 
[10]. Academic literature shows that the Industry 4.0 
has remained as a cost-driven initiative and there is 
limited evidence of real business model 
transformations [11]. 
One of the modern concepts available to 
manufacturing companies that want to achieve a 
competitive edge is certainly a lean concept. This 
concept seeks to eliminate all losses in production, 
avoids scattering of materials, resources available, 
with the aim of achieving high quality, flexibility 
and price that the buyer is ready to pay. It strives for 
continuity, optimization and integration of machines, 
people and other resources in the production 
process. 
The fundamental philosophy of LM of continuous 
improvement summarized in the Japanese word 
kaizen summarizes the emphasis of lean 
manufacturing on “ongoing improvement involving 
everyone” 
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The effectiveness of lean manufacturing (LM) in 
achieving individual worker well-being and 
operational outcomes has been largely debated in the 
operations management literature [11]. LM is a 
manufacturing system whose objective is to 
streamline the flow of production while continually 
seeking to reduce the resources (e.g., direct and 
indirect lab our, equipment, materials, space, etc.) 
required to produce a given set of items; any slack in 
the system is referred to as ‘waste’ [12].  
Traditional methods such as Six Sigma 6σ focus 
more on quality than it does at speed. 
All major six sigma problems are solved using the 
DMAIC methodology (Define - Defining or 
Determining, Measure - Measurement, Analyze - 
Analyzing, Improve - Improving or Improvement 
and Controle - control or management). This 
technique can be used to teach techniques: how 
collect data, how much to use, and how often they 
count and how to be flexible. 
The Six Sigma concept is a system that combines 
tools for continuous improvements that are on to 
make it possible to draw attention on processes, 
analyze them and compare each other, and 
objectively determine resources for those processes 
that require that they pay more attention to them. 
Important it is to emphasize that the common bond 
between different the process in one organization is 
a defect. Because every process is immanent defects 
that cause repairs, fines, losses, in addition 
production time and increased costs. By focusing on 
these defects and concentrating Efforts to reduce 
them will reduce the norm production time and 
processing costs. System 6σ Measures the process in 
the process and normalizes them so that they are can 
make a comparison between the individual 
processes. And when a comparison is made between 
process can make objective decisions in a look at 
where and how to allocate resources for achieving 
better performance. 
 
CONCLUSIONS 
On the changes and demands of the market and 
customers, in the sea of competitors, companies can 
respond with the improvement and efficiency of 
their production and process, which can be enabled 
by the application of six sigma, lean concepts and 
modern methods and techniques.  
The concept of continuous improvement, adaptation, 
monitoring of changes, reduction and elimination of 
losses is the only correct and the right way to 
achieve efficient production. By applying the 
modern, mentioned philosophies of the company, 

they can respond in a timely manner to the demands 
of customers who will be loyal and satisfied with the 
quality and price of the product. 
We are witnessing a fast, dynamic development of 
technologies, especially information technologies 
that are increasingly being used in the production 
and changing the concept of the industry. 
In the world, the concept is increasingly being 
applied, with the tendency to achieve efficient and 
so-called. fit production. Continuous, continuous 
improvements in the organization - Kaizen method, 
5S method, job organization, are some of the easy 
methods that enable the desired efficient production. 
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Abstract. In this study an analysis of hospitality 
services company - Hotel Resort "A-ROSA" in 
Germany was performed in order to identify whether 
it has an efficient quality system. The survey was 
done as an attempt to perceive the existing situation 
in this company in the domain of design and 
implementation of the quality system, analyzed 
through the four pillars of the house of quality at the 
top of which is the top management, while the base 
is consists of measuring, evaluating, analyzing and 
comparing quality / poor quality.  
The results of applying the Total Quality 
Management (TQM) methodology have shown that it 
is possible to achieve the company's vision and main 
goals towards meeting the needs of internal and 
external clients, right on time, while eliminating the 
processes which are not adding value or any 
promotion. 
Key words: House of quality, Internal 
standardization, TQM philosophy, Hotel industry, 
Customer satisfaction 
 
1.INTRODUCTION 
Every organization should develop the activities of 
the quality system, which can be presented as a 
"house of quality". The pillars of the house of 
quality are: internal standardization, methods and 
techniques for operation with absence of faults, 
education, and motivation, and the cost of quality 
[1]. Top management is most responsible in the 
"house of quality" and it’s "holding" the four pillars, 
which are subsystems of the system itself [2]. In the 
basis of the house of quality lies the measurement of 
the defined, collected business process data in order 
to understand and control them, as well as to gather 

important information about products and services 
for improving the quality and optimization of 
business processes. Monitoring does not only screen 
the quality of products/services, but also the 
adequacy of the entire TQM (Total Quality 
Management) system in the implementation of the 
quality functions [1][3]. Assuring quality of the 
company's activities is a key factor for its success, as 
well as its sustainability on the market. Total quality 
management requires full responsibility of all 
members of the company, as it is joint work of all 
[4]. In the process of implementation of the TQM 
philosophy, important aspect are the employees, 
processes and customers, as well as all interested 
parties in terms of protection, partnership, 
responsibility, guarantee, communication, service, 
security, support, as well as assistance and openness 
for cooperation [1][2][5]. 
This study was made to explain the importance of 
quality for hospitality services company - hotel 
resort "A-ROSA" in Germany. The survey is done 
by monitoring the way business processes are 
managed (identifying, documenting, and controlling) 
and whether documentation was put together for 
efficiency of the system. 
In the hospitality industry, it is necessary to respect 
the standards for production, service and safety of 
people and products [6]. Adequate control is also 
required in order to achieve the goals set. The 
opportunities provided by the ISO 9000 series of 
standards enable definition and activation of control 
points, which will prevent defects, complaints, 
delays[7][8]. But a good quality system does not 
only mean a system that will provide projected 
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quality, but management and optimization of 
processes [7][9][10]. 
 
2. METHODOLOGY 
2.1. Application of total quality management 
methodology in the hotel complex A-ROSA 
The hotel complex A-ROSA was built on to the 
existing building infrastructure of the previous hotel 
"Kempinski", built after the Second World War in 
Eastern Berlin at that time. The hotel welcomes 
guests with the new brand from the distant 2004 
with a tendency of continuous development. It is a 
chain of hotels under the brand A-ROSA and it’s 
certain that this hotel stands out from the others with 
the ideal location, situated in a nature rich in forest, 
along the shore of Lake Scharmützelsee. Throughout 
the years, although the ownership structure changes, 
the management of the hotel manages clearly 
defined goals. The greatest achievement of the 
management was to get the coastal part of the local 
lake - for summering from the local government, as 
well as the few hectares of land in which, with a 
small investment, they got wonderful golf courses 
for recreation. Today, the A-ROSA Hotel is a place 
for recreation, leisure, entertainment and enjoyment 
of elite guests from all over Germany. The 
dedication of management and employees is intense, 
24 hours a day, seven days a week. The hotel 
complex serves its clients with experienced and 
cordial staff from the parking lot to the reception, 
from the hotel rooms to the cafes, to the spa center, 
swimming pools, beaches. The company is the main 
artery for domestic tourists, and the management is 
proud that A-ROSA is a brand that gives satisfaction 
to customers, and ensures profit. 
The structure of the company constitutes the 
management team as the highest body, while the 
report for the operation is received from the General 
Manager. The workload requires a structural 
division in six sectors, each with its own share of the 
operation. Dividing the operation into sectors 
enables independence in finding ways to facilitate 
the operation in the process of fulfilling hotel’s 
services. All sectors are in interdependent horizontal 
communication and their processes are connected, 
Figure 1. Overall services are carried out with the 
coordination and collaboration of teams for all 
business processes.  
2.2. Creating a business culture in a hospitality 
service company 
The business world creates new values in the society 
[11]. The value consists of the well being created by 
the business world, business opportunities and the 

quality of the services. One of the company's 
missions is to advance the society in which they 
operate [1]. 

 
Figure 1: Organization structure in the company 
In all projects implemented by A-ROSA hotel, the 
world's quality standards are at the top of each stage 
of development. By applying professional 
knowledge, experienced personnel, modern 
technology, care is taken to meet the needs and 
expectations of all clients with whom they cooperate 
in the society on the domestic and international 
market, in order to offer continuous quality. In all 
projects that have been implemented so far, A-
ROSA always respects ethical values. For this 
purpose, the management team is working to 
improve issues related to quality, environment, 
occupational safety and health of employees, and for 
this purpose they organize continuous training for 
raising awareness among employees, following 
technological innovations and establishing relevant 
systems in the areas of project activities. In 
accordance with the current valid domestic and 
international rules and regulations, the main 
principle of managers is to provide quality assets 
and equipment for protection of human health and 
the environment. The goal is to use natural resources 
at an optimum level and to support and provide 
conditions for "sustainable development" of natural, 
social and economic resources.  
When talking about the service in the hotel industry, 
it is essential that at the first visit guest’s 
expectations are meet and exceeded [3]. The quality 
of the services includes all the parameters that will 
result in guests’ satisfaction. One of the principled 
ways in which A-ROSA Hotel differs from other 
hotel industry companies is the quality policy of 
services, through consistent delivery of higher 
quality in relation to the competitors.  
3.2 Defining the business processes in the hotel 
"A-ROSA" 
In defining business processes, a person is a key 
factor in the quality of services, since he is the 
carrier of all activities in the hotel industry [1][11]. 
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The company invests in the development and 
education of employees for successful execution of 
the business processes in the hotel. Proper 
performance of the work responsibilities of each 
sector individually is an important component of the 
hotel so that it can offer quality services, figure 2. 

 
Figure 2: A schematic representation of the 
standard operational procedure during the 
preparation and provision of services at the hotel 
Information is the basis for business management, 
i.e. the basis for decision making, organizing, 
forecasting, etc [4]. They are a key resource that 
hotel existence is dependent on, because depending 
on the way and the speed of collecting all relevant 
customer information will depend on the success in 
their work. 
3.3 Standard operating procedure of one of the 
business processes in the hotel "A-ROSA" 
The description of one of the business processes in 
the hotel "A-ROSA" is a series of logically related 
activities that use the resources of the hotel, whose 
ultimate goal is to services the guests with 
appropriate quality and prices, in an adequate 
timeframe, with simultaneous realization of values 
from the process of functioning, Figure 3. 

 
Figure 3: Production-service process in the 
company 
Aside from the use of general documents in the 
realization of the processes local documents are also 
created for a more detailed explanation of the 
process and allocation of responsibilities, as well as 
the need for adjusting the process to the local state 
laws. Business documents can be work instructions, 

forms, databases, standards, list of instructions and 
specifications. Figure 4 provides a standard 
operating procedure for the business process - 
Preparation and provision of food services at the 
Marktrestaurant restaurant. The standard operating 
procedure specifies the documents used in the 
process, participation of the employees, as well as 
the possibility of comments with further 
explanations or guidance on instructions that are 
defining the sub-process. The sub-process is the 
main buffet breakfast and dinner, allowing guests to 
enjoy a fun cooking display. 

 

 
Figure 4: Schematic representation of the 
standard operating procedure in the hotel’s 
kitchen and restaurant 
The application of internal standardization improves 
the responsibility of employees in the realization of 
business processes. The application of the TQM 
system methodology means the design of a good 
documented quality system that is covering all 
business processes of the company and is an 
indispensable basis for the successful application of 
SPC (statistical process control) and efficient 
teamwork that otherwise could not be set up in case 
of a bad quality system [2]. Errors are recorded in 
tables and diagrams and are subject to analysis by 
managers. Based on the information obtained from 
the daily reports, the responsible manager can 
identify the oversights or complaints made by the 
clients, and depending on the type of problem, they 
are recognized, defined and recorded in the 
checklist. Based on the total operational errors, as 
well as criticisms and complaints from the clients, 
the Pareto diagram is being prepared from the 
checklists. This diagram should show which 
objections are of the highest frequency and 

GUEST 
CYCLE 
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importance and in which direction the management 
team should pay attention and seek a solution to 
overcome the problem, Figure 5. 

 
Figure 5. Pareto diagram in regards to the 
frequency of irregularities in operation 
From Figure 5 it can be seen that the number of 
complaints is the highest in delays by deliverer’s of 
bread and other bakery products. The first pillar of the 
diagram shows the delays of bread and other bakery 
products for the use in the hotel. The hotel complex 
does not produce its own and depends on the delivery 
by the suppliers. The proposal of the management team 
is to employ people with the necessary skills and to 
supply equipment for their own production for internal 
use. The second pillar of the diagram shows complaints 
due to frequent break-down of the kitchen equipment 
(malfunction of the ice machine, refrigerators, and 
stoves). The proposal of the management team is 
solving the problem by replacing existing ones with 
new technical equipment. The third pillar of the 
diagram gives the frequency of complaints by "VIP" 
clients in relation to hotel services, especially during 
the seasonal months or holidays when the hotel 
operates at full capacity. The guests' revolt arises as a 
consequence of the strict rules and regulations of the 
hotel regarding the code of conduct of the guests. The 
fourth pillar of the diagram gives the frequency of 
problems related to the current maintenance of golf 
courses as a result of the widespread area and the need 
for daily maintenance and irrigation. The proposal for a 
management solution is to increase the number of staff 
for horticulture (especially in the golf course and for 
organizing golf tournaments) and purchase of more 
mowers. The fifth pillar of the diagram gives the 
frequency of problems related to the equipment and 
cleaning of the rooms due to lack of necessary staff 
(housekeeping attendants). The management solved 
this problem by employing seasonal workers. After 
determining the causes of the problem, the actions to be 
taken are defined, the person responsible for the 
implementation of the actions and the deadlines for the 
implementation of the corrective measures.  

3. CONCLUSIONS 
The hospitality services company - hotel resort "A-
ROSA" in Germany sees the benefits of applying the 

methodology for designing and implementing the 
TQM system in: 
• the application of internal standardization which 

improves the responsibility of employees in the 
realization of business processes; 

• the use of statistical methods and techniques 
reduces defects in operation and is a significant 
benefit, especially when requiring specified quality 
at the lowest operating costs; 

• the application of software packages increases the 
efficiency in the application of statistical methods 
and techniques; 

• by analyzing the cost of quality, losses can be 
controlled and minimized in terms of material and 
energy consumption. 

Acknowledgments 
This study is a part of the research project “Model for improving 
the performance of business processes within the hospitality 
industry”, (Ref. No. 0201-545/9). 
REFERENCES 
[1] Mitreva, E. (2011). Model-Integral methodology for 
successful designing and implementing of TQM system in 
Macedonian companies. International Journal for Quality 
Research, 5(4), 255-260. 
[2] Mitreva, E., & Filiposki, O. (2012). Proposed methodology for 
implementing quality methods and techniques in Macedonian 
companies. Journal of Engineering & Processing Management, 
4(1), 33-46. 
[3] Mitreva, E. (2013). The superior customer’s value of the new 
economy implemented within Macedonian companies. 
International Journal for Quality Research, 7(2), 215-220. 
[4] Mitreva, E., Taskov, N., Sazdova, J., Georgieva, I., & 
Gjorshevski, H. (2015). The Need for Implementation of 
Integrated Management Systems (IMS) in Macedonian 
Companies. Calitatea, 16(147), 62. 
[5]  Wong Ooi Mei, A., Dean, A. M., & White, C. J. (1999). 
Analysing service quality in the hospitality industry. Managing 
Service Quality: An International Journal, 9(2), 136-143. 
[6] Kandampully, J., & Suhartanto, D. (2000). Customer loyalty 
in the hotel industry: the role of customer satisfaction and image. 
International journal of contemporary hospitality management, 
12(6), 346-351. 
[7] Tepeci, M. (1999). Increasing brand loyalty in the hospitality 
industry. International Journal of Contemporary Hospitality 
Management, 11(5), 223-230. 
[8] Saleh, F., & Ryan, C. (1991). Analysing service quality in the 
hospitality industry using the SERVQUAL model. Service 
Industries Journal, 11(3), 324-345. 
[9]  Minghetti, V. (2003). Building customer value in the 
hospitality industry: towards the definition of a customer-centric 
information system. Information Technology & Tourism, 6(2), 
141-152. 
[10]  Law, R., & Jogaratnam, G. (2005). A study of hotel 
information technology applications. International Journal of 
Contemporary Hospitality Management, 17(2), 170-180. 
[11] Taskov, N., & Mitreva, E. (2015). The motivation and the 
efficient communication both are the essential pillar within the 
building of the TQM (total quality management) system within 
the Macedonian Higher Education Institutions. Procedia-Social 
and Behavioral Sciences, 180, 227-234. 

39



 

IM
C

 
 
 

1Ph.D
2Techn

Abstract. 
advanced f
advanceme
business, w
malfunction
processes. 
techniques 
terms of qu
defect prod
concept is 
in the level
Lean con
advantage.
reduce the 
size of the w
This pape
implementa
and lean 
organizatio
Key word
implementa
 
1.INTROD
The concep
important r
models in 
business e
business e
customers´
productivit
[4]. Consta
organizatio
models of 
Baldrige A

MPLEMEN
CONCEPT

Nikola
D. student, Te
nical faculty “

Facu

The six sigm
function of th

ent in mana
with the aim 
ns in tech
The six sigma 
to improve th

uality systems 
ducts. The impl
an approach t
l of quality and

ncept has lo
 The concept 
number of pro

warehouse, wi
er presents th
ation and use 

production i
on. 
ds: Six sig
ation. 

DUCTION 
pt of six sigma
role in the im
organizations 
enterprise it 
excellence, wh
 demands, 

ty and corpor
ant maintenan

on is significan
advanced sys

Award, Contin

NTATION
TS IN ORG

a Petrović1, D
echnical facul
“Mihajlo Pup

ulty of Busine

ma concept r
he level of kn
aging the o
of avoiding m
nological an
system introdu

he organization
and reduce th

lementation of 
that influences
d profit of the 
ong been a 
of lean produ

oduct errors an
thout reducing
he criteria fo

of the concep
in different a

gma, LEAN 

a and lean prod
mplementation 

in recent deca
is important 

hich is based
improving t

rative social 
nce of high q
nt as well.. Th
stems: ISO 90
nuous Improve

N OF SIX S
GANIZATI

Dragana Sajfe
ty “Mihajlo P

pin” Zrenjanin
ss in Belgrad

represents an 
nowledge for 
organization's 
mistakes and 
nd business 
uces tools and 
n's process in 
he number of 
f the six sigma 
s the increase 
organization. 

competitive 
uction aims to 
nd reduce the 

g productivity. 
or successful 
pt, six sigma 
areas of the 

production, 

duction has an 
of these two 

ades. For any 
to achieve 

 on meeting 
the business
responsibility 

quality in the 
here are many 
001, Malcolm 
ement/Quality 

SIGMA AN
IONS: A R

ert2, Dragica I
Pupin” Zrenja
n, University 

de, University 
 
 

Manage
model, w
[12].  
The Six
which 
continuo
processe
are ach
products
producti
oriented
of custo
improvi
[9]. Im
significa
efforts. 
reported
Sigma in
Lean m
managem
to impro
time [1
for com
apply L
includin
human 
that ten
waste re
satisfact
reductio
producti
producti
attribute
producti

ND LEAN P
REVIEW O

Ivin2, Marija M
anin, Universi
of Novi Sad, 
of Singidunu

ement (QI/QM
which is orient

x Sigma conce
is focused 

ous improvem
es in the orga
hieved throug
s, lower mai
ion efficiency 

d towards the u
omer needs; 
ing productivit
mplementing 
ant financial 
For example, 

d $2 billion of
nitiatives [13].

management re
ment procedur
ove quality an
7]. To be suc

mpetitive advan
ean principles 

ng accounting
resources [7]. 

nds towards r
eduction; high
tion of custom
on; quality 
ivity [15]. To
ivity and qua
ed to practi
ion [13].  

PRODUCT
OF CONCE

Mjedenjak3 
ity of Novi Sa
Serbia; 3Mas

um, Serbia 

M). SixSigma 
ted towards qu

ept is a manag
on project

ment of produc
anization. Thes
gh the reduc
intenance cos
[3]. In additio
understanding 
improving bu
ty, and financ

Six Sigma 
gains from th
in 1999 Gener

f net income b
.  
epresents a se
res designed f

nd reduce costs
ccessful, Lean 
ntage requires 
in all organisa

g, sales and 
Lean product

reduction of d
er value for cu
mers; robust p

improvement
oyota Motor C
ality performan
ices associate

TION 
EPTS 

ad, Serbia; 
ster student, 

is a busine
uality and prof

gement approa
t developmen
cts, services an
se improvemen
ction of defe
sts, and high
on, Six Sigma 

and satisfacti
usiness system
cial performan

has report
heir deployme
ral Electric (G
enefits from S

et of producti
for the custom
s and producti

implementati
organisations 

ational function
marketing, an

tion is a conce
defect produc
ustomers; high
production; co
t; and high
Company’s hi
nce is routine
ed with Le

 

ess 
fits 

ach 
nt, 
nd 
nts 
ect 
her 

is 
on 

ms; 
nce 
ted 
ent 

GE) 
Six 

on 
mer 

on 
on 
to 

ns, 
nd 
ept 
cts; 
her 
ost 
her 
gh 
ely 
ean 

40



In this paper some of the successful factors of 
implementation of the Six Sigma and Lean 
production mode will be presentedl. The main goal 
is to explore the successful implementation of these 
two concepts. Critical factors for the success of these 
two concepts have been presented. 
 
2.IMPLEMENTATION OF THE CONCEPT 
SIX SIGMA AND LEAN PRODUCTION 
 
Concept Six Sigma 
Six Sigma is a set of techniques and tools used to 
improve the process, at the advanced level of 
knowledge in mathematics, probability, statistics and 
organization management [12]. Successful 
implementation of the Six Sigma concept includes 
quality integration in the company’ main functions; 
spreading and utilization of the concept in all 
business processes; management support for putting 
quality as a top priority; and focus on well defined, 
and measureable goals [16]. In order to successfully 
implement the Six Sigma concept, companies have 
to focus on process variation reduction and to view 
projects as tools through which cost reductions can 
be made and higher customer satisfaction achieved 
[3]. The goal of Six Sigma is value creation through 
quality improvement [8]. Many organizations 
worldwide have implemented Six Sigma and 
achieved remarkable improvements in their market 
share, customer satisfaction, reliability and 
performance of products and services with 
impressive financial savings [5].   
The concept of Six Sigma is a strategy of business 
development, which aims to identify and eliminate 
possible errors and deficiencies in business 
processes directing the activities that are reliable for 
customers. The key components to the success of 
implementing Six Sigma are related to the 
commitment of top management, the supporting 
infrastructure, training and statistical tools [6]. 
Six Sigma implementation involves the following 
characteristics [6]: 

 An understanding of project expectations from 
the shop floor, 

 Leadership of top management, 

 Disciplined application of DMAIC, 

 Fast application of the project (3–6 months), 

 Clear definition of results to be reached, 

 Supplying of infrastructure to implement 
improvements, 

 Focus on the consumer and the process, 

 Focus on the statistical approach to 
improvement. 

Six concepts or constructs related to Six Sigma [14]: 

 Top management leadership, 

 Customer requirements, 

 Focus on financial and non-financial results, 

 Structured method of process improvement, 

 Strategic process selection, and 

 Full-time specialist. 
In fact, the term ‘Six Sigma’ refers to a performance 
target of operating within 3.4 defects per million 
opportunities [13]. It is normal that this minimal 
error cannot be achieved immediately, it takes many 
years, but it is very important to achieve a certain 
goal. 
 
Concept lean production 
Lean has become a widely recognised philosophy 
that aims to reduce waste and non-value activities to 
improve performance in cost-efficiency, 
conformance quality, productivity, and reduced 
inventory levels and throughput times [10].  Lean 
production, evolved from the Toyota Production 
System (TPS) over a period of several decades, is 
considered to improve firm performance through 
elimination of waste. Lean production can be 
described at different levels of abstraction: it can be 
defined as a philosophy, as a set of principles and as 
bundles of practices [13].  
Lean aims to reduce human effort, stocks, delivery 
time and production space to meet the demands of 
the market while delivering high-quality products at 
the lowest price. The gains from implementing Lean 
can be seen in the productivity results reach [6]. 
Lean concept implementation has considerable 
significance for effective and efficient production 
whose aim is less resources usage and lower 
production costs. Using both practical and project-
based perspectives, a key strategy is the elimination 
of waste [11].   
The critical success factors of Lean production 
include leadership; finances; organizational culture; 
and employee skills [1]. The organization should 
have a strong and competent leader who has the 
power to improve knowledge and skills of 
employees. Organizations that have failed to develop 
a certain level of leadership may be confronted with 
small process flexibility, risks of possible failure, 
irregular and inefficient allocation of resources. As 
one of the most important factors of Lean 
production, finance is the basis of stable business 
development [15].  
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The role of organizational culture is to create 
support for business processes, as an imperative for 
further creation of a sustainable and proactive 
company. Organizational culture has a role to create 
a strong and powerful management approach, in a 
dynamic and diverse business environment, with an 
overarching view of goals and accepting change. 
Knowledge and skills of employees represent an 
important role in business development and 
implementation of Lean production. Employees 
without adequate knowledge and skills have a more 
difficult time to accept new technologies, 
innovation, and overall development [2]. Lean 
management implementation can provide product 
differentiation and help the enterprise to operate 
with less risk in the selected market [17]. 
 
3. CONCLUSIONS 
After carrying out the theoretical analysis in Six 
Sigma and Lean production, one can conclude that 
the goal of each of these concepts is to improve the 
organization's business performance. In order to 
improve the organization it has to achieve different 
business goals such as finance, cost reduction, waste 
reduction, customer satisfaction, product, and 
service quality and productivity. Lean production 
concept focuses on reducing production, warehouse 
and higher productivity. Six Sigma concept focuses 
on the minimum amount of manufacturing defects. 
The concept of Lean and Six Sigma plays an 
important role in management and employee 
engagement in order to improve business 
performance. In these two concepts, the nature of 
organizational engagement varies considerably in 
two approaches. Lean is a bottom up approach 
where management plays a supportive and 
facilitating role in engaging shop-floor workers to 
form cross-functional self-directed work teams and 
apply Lean tools. Six Sigma management plays a 
more active role, often selecting improvement 
projects based on financial and strategic goals, and 
championing and monitoring them as well [13]. 
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2. METHODOLOGY 
Shown in this paper are the insights on how Splunk 
preventet the blind spots as it scaled and how they 
succesfully recruited the right members.  

When it comes to recruiting (Figure2), the saying 
goes „business process is only as good as the people 
involved“. This is one of most crucial parts, it is 
most notable for the type of sales that is dependend 
from individual performance. Salespeople that are 
the best in their jobs generate astoundingly more 
than their average colleagues: the difference can be 
even up to ten times more, depending on what they 
are selling. To quote Bart Fanelli, Vice Presedent of 
the Spunk „For recruitment, we set our sights on 
talent from companies already operating at the level 
we want to operate at.“ This is a long and hard 
process and demands time and resources from 
company’s leadership. The biggest part of making 
company constantly grow is recruitment and hiring 
as a continuous part of the management culture. 

Figure 2: The Lean employment pattern 

Next important part of successful recruitment is the 
process of interviewing and hiring. Problem starts 
here - managers are often too much self-assured 
about their ability to judge and estimate candidates 
based only on personal interviews. From experience, 
there is no parallel between performance on the 
interview and on-the-job performance.  In studies 
that had been done, it was clearly shown that 
performing the hiring process solely by this way can 
be hurtful to the company in selection decisions: 
there is almost no difference between choosing 
randomly or solely by interviews. This danger is 
most evident in sales. When employees are chosen 
in departments where talent varies a lot, this usually 
leads to a so to say cloning: that managers hire as 
many as they see fit and are taking control of the 
interviews by themself. In companies where a 
manager’s assessment is complemented with 

multiple interviews involving diverse people, much 
better results have been observed. As a consequence, 
a process that is structured, and emphasizes 
behavioural criteria was established. 

Management’s commitment to communicating, 
establishing, and keeping of an up-to-date  hiring 
process remains a real constraint. The company 
Splunk created profiles that state certain skills and 
ability to perform each role appropriately. They also 
made certain behavioural elements in management’s 
view, which are valuable across roles. 

Another vital aspect that will be considered in this 
paper is training and development. Modern trends in 
most modern companies is that they don’t train 
salespeople constantly and the usual practice is that 
training budgets increase following good sales and 
decrease when sales are tough. This is not a useful 
practice because it wastes time, and on top of that 
it’s almost impossible to determine cause and effect.  

Naturally, people need support and upgrading of the 
skills from time to time and motivational help. Here, 
the focus is of crustal importance - learning and 
development on an analysis of sales needs to be 
performed on site and with quality employees. This is 
a process that provides good and accurate feedback on 
time to managers and leaders of company. 

To be more clear, it is of key importance to know 
what you can control and control it. In Splunk’s 
case, as Fanelli notes, “we kept a certain leader-to-
contributor ratio in mind to make sure the first-line 
sales leader can train contributors on the desired 
skills. We track this quarterly, looking at training 
and coaching with the same attention that we use to 
review ‘the numbers’ because the effectiveness of 
our first-line leaders is the gateway to the 
performance we want to see in sales outcomes.“ 

Any work environment has a wide variety of people 
with different capabilities, learning styles and 
temperaments. To have the best effect, development 
and coaching needs to have capability to reach to 
any employee and be constantly updated and 
renewed. Review made on time in the sales 
organization can push the process up the chain and 
successfully create a constantly developmental tool. 
“The first-line review process,” says Fanelli, 
“connects quarterly to every manager in the field. 
The second-line review (a review of those who 
manage and review the first-line managers) focuses 
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on a broader set of skills, happens annually, and 
goes into more depth than the quarterly process.”  

In this paper it can be seen that Splunk mixes a lot of 
good practices that in the long term are helpin to 
them avoid common blind spots in sales as it grows. 
Of course, not all companies need to do what Splunk 
does, but is highly recommended. In every company, 
placement and strategies are different, and because 
of that practices need to vary. What this paper is 
trying to show is that any company must acquire 
talent by making core processes like recruiting, 
interviewing, and development a real priority in 
daily practice. To quote Aristotle “Excellence is a 
habit.” 

 
3. CONCLUSIONS 
Splunk had in plan to increase their capital from a 
$50 million company worth $250 million during a 
five-year cycle, but it should always be kept in mind 
that targeted figures are different form company to 
company. They successfully did this, allowing their 
company to grow to a desired level. Also, don’t 
forget that this was possible due to considering the 
recruitment and hiring process as a continuous part 
of the management culture, not only an HR 
responsibility, this was Splunk’s approach and it was 
very fruitful. 
All of the recruitment concepts mentioned in the 
example presented in this paper are the same ones 
which make up the lean startup methodologies. They 
are based on careful selection of employees, taking 
into account various personal aspects, while 
ensuring that the future employees will receive all of 
the necessary training. In addition, the lean approach 
suggests that employee motivation is of great 
importance for a successful business.  
Therefore, the success of Splunk’s strategy was 
largely influenced by their decision to integrate the 
lean aspects into their recruitment method. 
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methodology strongly relies on experience gained 
during the iteration, which is used as the base for 
improvement (Figure 1). 

 
Figure 1. The Build-Measure-Learn cycle 

 
The Get out of the building methodology was devised 
by Steve Blank [3], and represents an important step 
before the actual start-up business is initiated. It sug–
gests that entrepreneurs should first establish contacts 
with interested partners and customers, in order to 
ensure a reliable source of valuable feedback about 
their needs regarding the product, and aids the process 
of improving of following iterations. In this way, a 
solid base for future start-up related work is created. 
The case study presented here involves BioLite, 
accompany that manufactures personal energy 
appliances (such as portable cookstoves) both online 
and in major retail stores, while providing all of the 
necessary information to their customers. 
In the case of certain markets, even a combination of 
online and retail presence could not reach the custo–
mers and in order to solve this problem, BioLite had 
to adapt their approach to selling in accordance with 
the new, completely different market that they have 
discovered in India [4].   
In order to solve this issue, their team in charge of 
emerging markets developed a series of experiments, 
for the purpose of determining the best way for their 
products to reach their intended users. The product 
in question (HomeStove) can be seen in Figure 2. 
 

 
Figure 2. The HomeStove, manufactured by BioLite 

2.1 Experiment 1: The Handi shop 
Since BioLite’s target customers in India don’t have 
access to large retail shops, an alternative was found 
in the so-called Handi shops. BioLite attempted to 
sell their product (the HomeStove) through these 
shops. 
This experiment failed due to lack of information 
available to buyers, and it was conclude that a more 
proactive approach is required. 
 
2.2 Experiment 2: The Chaiwala 
The next experiment involved the supplying of 
Chaiwalas, (tea sellers in India), with both the 
product and the appropriate training on how to use it. 
Even though the promotion was successful, it still  
failed in terms of sales, since the customers were 
more focused on getting their tea as quickly and as 
cheap as possible, without considering the 
technology behind it. 
Thus, this experiment failed due to an inadequate 
target market and this was the next factor to 
consider. 
 
2.3 Experiment 3: BioLite flagship store 
The next experiment aimed to set up a business in a 
busy market in the town of Bhubaneswar, India. 
BioLite’s local team would distribute promotional 
materials and demonstrate the product to anyone 
interested in a quick and comprehensive manner. 
Although this approach attracted a large number of 
customers quickly, it turned out that it could not 
retain these costumers for longer periods of time.  
This was due to the fact that the users who needed 
the cookstove the most, lived outside of town, and it 
was complicated for them to reach the flagship store. 
Hence, the next issue that needed to be resolved was 
the distribution of products to the target market. 
 
2.4 Experiment 4: Avon calling 
Based on the previously revealed issues, it was 
concluded that there is a need for a partner that 
would distribute the product. BioLite partnered with 
the Greenlight Planet company in India, who were 
already in the business of distributing energy 
products to remote locations through local sales 
representatives.  
This process involved the training of Greenlight 
Planet employees in terms of demonstrating value of 
the BioLite cookstoves. On the other hand, BioLite 
had to adapt their cookstoves to make it easier to 
transport them from one demonstration location to 
the other.  
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Insight gained from Greenlight Planet salesmen 
aided BioLite in searching for their own team of 
salespeople which would go from door to door to 
demonstrate the stoves and gain the attention of 
potential customers.  
With this approach, the only remaining issue was 
related to the affordability of the product. In other 
words, BioLite needed to ensure that their target 
customers can actually buy the cookstove. 
 
2.5 Experiment 5: Microfinance institutions 
Microfinance is an economic engine used to aid low-
income households by allowing customers to take 
loans, arrange payments and monitor their finances. 
BioLite’s partnerships with microfinance institution 
(MFI), allowed their employees to present the 
cookstove using real-time demos, along with the 
possibility of showing the interested customers their 
finance programmes.  
The programmes in question would immediately 
enable the customers to purchase the cookstoves, 
relying on the fact that their efficiency will make the 
stoves pay for themselves after a couple of months, 
by saving both fuel and energy. 
This experiment managed to solve the final issues 
preventing people from becoming BioLite’s 
customers, thus completing the experimental process 
of determining the best way to sell cookstoves in 
remote locations.  
 
3. DISCUSSION   
As can be seen by the flow of the experiments, the 
process of determining the optimal way for BioLite 
to sell their product under the given circumstances 
was iterative. Each unsuccessful iteration provided 
valuable knowledge and information about the 
problems which needed to be solved in the steps that 
would follow. In addition, every experiment mana–
ged to solve some of the previously encountered 
issues.  
The experiments started with a simple concept of 
selling the product through the available stores, 
continuing with educating of the customers, deter–
mining of the distribution channels and finally offe–
ring financial plans that would allow said customers 
to afford the product. 
It can be seen that the approach undertaken by 
BioLite is based on the principles of the 
aforementioned Build-Measure-Learn cycle and the 
Get out of the Building methodology. The BLM is 
reflected in the iterative approach wherein the results 
of each experiments were analysed and conclusions 

were made about what can be improved, before 
moving onto the next stage. 
 However, this alone was not enough to obtain 
satisfying results, and there was the need to 
communicate with the target market, and provide 
clear and straightforward information about the 
product to the customers. For this purpose, BioLite 
employees and their partners in India personally 
demonstrated the product to the buyers. In this way, 
they were able to educate their buyers about the 
product, as well as the ways in which they can afford 
to buy it. Establishing and maintaining direct 
communication with the customers is the basic 
concept of the GOOB approach. 
 
4. CONCLUSION 
The case study presented in this paper, involving the 
selling of cookstoves in remote parts of India, 
confirmed that not succeeding on your first attempt 
at establishing a business is not necessarily a failure 
and that it can have its advantages, if approached in 
the correct manner. It can be seen how combining 
different lean management approaches can 
contribute to developing of a successful business 
model. 
By using the BLM and GOOB principles, BioLite 
company was able to ensure efficient product 
distribution to their target market, despite the 
numerous problems related to selling, transportation 
and finances, wherein the product in question was a 
cookstove (a personal energy appliance for outdoor 
use). The experiments that were carried out allowed 
the company to obtain valuable information which 
was then used as a base for further improvements, 
and with each following experiment, one of the 
issues was eliminated. In addition, the BLM 
approach allowed BioLite to identify problems that 
were not taken into consideration previously. 
Another well-known lean methodology, the GOOB 
approach, also played an important part in these 
experiments. Direct and adequate communication 
with the target market allowed BioLite to understand 
their customers’ needs, and react to them accor–
dingly. This manner of communication, which 
included training of employees in the best ways to 
demonstrate the advantages and capabilities of their 
product, ensured that the target buyers would be 
interested in the product itself. Additionally, direct 
communication with the locals aided BioLite in 
solving the issues related to transportation of their 
product to the target location, which was further 
away from the town where the stores are. 
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Hence, it can be seen that applying the lean approach 
to start-up businesses represents a reliable and 
effective long-term strategy, mainly due to one of 
the essential lean principles – the iterative learning 
based on previous unsuccessful attempts. It also 
emphasises the importance of direct communication 
with the target market, in order to fully understand 
and adequately take into account the customers’ 
needs and potential problems related to the product 
aimed at them.  
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improvements in labor productivity, throughput, 
customer delivery, quality and changeover time.  
Association of Manufacturing Excellence (AME),  
[5], indicated outcomes normally associated with 
lean implementation could be 
1. 70-90% reduction in setup time 
2. 20-60% improvement in productivity 
3. 40-80% reduction in process time 
4. 30-70% reduction in inventory 
5. 40-90% reduction in walking time (distance 

travelled) 
In literature, there are many studies demonstrating 
that lean manufacturing implementation has a 
positive influence on company performance. 
Involving supplier management lean practices in 
company strategy improves raw material quality 
conformance, thus reducing the time dedicated to 
quality inspections, [10] and rework. 
Lean manufacturing positively influences overall the 
firm’s financial performance (returns on 
investments) through improving efficiency of 
organizational processes, cost reduction, [11] and 
labor and asset productivity, [12].  
Although many firms have reported large benefits 
from lean implementation, a lot of skepticism still 
remains regarding attainable results and the 
possibility to apply Lean approach outside high-
volume manufacturing and stable context, [13]. 
According to Bevilacqua and all, [14], the lean 
practices implementations are negatively influenced 
by product mix variety and innovation, while 
positively influenced by time effectiveness 
variables. 
Implementing and sustaining lean processes are 
easier in some organizations than in others. There 
may be national and societal culture differences 
which should be researched more deeply. 
 
6. CONCLUSIONS 
 
Lean approach is an ever more present response to 
the challenges of the modern business environment. 
New rules have been developed for inventory 
policies, plant floor layout, optimal flow patterns of 
products through the plant, supplier relations, and 
cost constraints. These new rules have led to new 
competitive strategies fueled by quantum 
improvements in throughput, effectiveness, and 
responsiveness. By Eliminating unnecessary steps, 
aligning all steps in an activity in a continuous flow, 
recombining labor into cross-functional teams 
dedicated to that activity, and continually striving 
for improvement, companies can develop, produce, 

and distribute products with less of the human effort, 
space, tools, time, and overall expense. 
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 social networks in companies in Serbia is lower 
than the average use of social networks in 
companies in EU countries (Figure 8); 

 cloud computing in companies in Serbia is lower 
than the average use of cloud computing in 
companies in EU countries (Figure 11). 

According to the report of Eurostat [3], e-commerce 
is observed as e-sales and e-purchase, separately. 
Therefore, direct comparison between the use of e-
commerce in companies in Serbia and in EU 
countries cannot be performed. However, it can be 
noticed that the use of  e-commerce in companies in 
Serbia is in constant growth (Figure 9). 
Future research can be focused on the use of some 
other IT in companies in Serbia and in EU countries. 
First, the use of radio-frequency identification and 
barcode technologies as well as ERP and CRM 
information systems can be explored. Second, the 
awareness of new IT paradigms, such as the internet 
of things and big data, among companies from 
different industry sectors can be examined.   
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 development and implementation of new 
teaching methods; 

 improving cooperation with colleagues and all 
stakeholders (companies, national employment 
service, faculty, parents, local community, etc.); 

 developing partnerships with industry; 

 support for the dissemination of successful 
initiatives; 

 improving the quality of education; 

 support the development and implementation of 
educational policies. 

Previous research suggests that there is considerable 
diversity of activities that encourage teachers’ 
professional development in a field of mechatronics. 
These activities include: [3] 

 visits to other schools in order to share 
knowledge; 

 visits to companies in order to stay in touch 
with new methods and technologies; 

 professional training courses in companies 
(training centers) with emphasize on specific 
sectors and areas of mechatronics, such as 
medical equipment, office equipment, kitchen 
equipment, car industry, etc.; 

 participation in projects, etc.; 

 various teaching training courses that will help 
the teacher to implement: project work, real 
problem solving, digital access and create 
teaching material. 

In order to maintain the high quality of professional 
identity, teachers of mechatronics need to be in 
touch with new technological developments in the 
field of mechatronics. Formal education cannot 
provide teachers the necessary knowledge and skills 
required for teaching in the field of mechatronics for 
longer period of time. The knowledge economy 
requires new teacher competencies and 
implementation of new technologies in the teaching 
process. Teacher competencies have become an 
integral part of education policy. These 
competencies are developed through the permanent 
professional development of teachers. 
 
2. PARTNERSHIP BETWEEN VOCATIONAL 
SCHOOLS AND INDUSTRY 
REPRESENTATIVES 
A collaborative partnership between vocational 
schools and industry representatives could result in 
aligning curriculum with industrial needs and 
bringing more realistic examples to the classroom. 
Such collaboration could be beneficial not only for 
mechatronics teachers and students but also for their 

future employers. Teachers of vocational subjects 
could gain more technical experience through 
cooperation with industrial representative and 
improve their teaching practice. As a result, whole 
learning process would become more interesting and 
clearer, and students would easily understand 
learning lessons. That could have a positive effect on 
students, motivating them to learn and acquire new 
skills as a crucial feature that employers demand. It 
also opens the possibility for the students to develop 
entrepreneurial skills. On the other hand industry 
representatives have the opportunity to present their 
work and collaborate with potential trainees. 
As a conclusion cooperation through partnership and 
bilateral dialog between vocational schools and 
companies is the must. The main research questions 
are: 

 what are the attitude and expectations of 
mechatronics teachers regarding their 
professional development in companies; 

 what are the attitude of companies regarding 
delivering trainings to the mechatronics 
teachers. 

 
3. METHODOLOGY 
The purpose of this study was to conduct willingness 
of industrial representatives for a collaborative 
partnership with vocational schools in terms of 
mechatronics teacher professional development. 
Possibilities of a collaborative partnership with 
industry representatives were conducted on a sample 
of 25 industry representatives who are employing 
students that have been completed vocational 
schools. 
This study has been developed through a 
quantitative and qualitative methodology in which 
willingness of industrial representatives for a 
collaborative partnership with schools in terms of 
mechatronics teacher professional development were 
researched. Interview with representatives of the 
industry was structured and consisted of 11 
questions grouped into three categories. The first 
category contained questions that are related to 
general information about the company. The second 
category contained questions about the type of 
training that are organized in the company, and the 
third category is related to the forms of cooperation 
with vocational schools. Statistical analysis included 
basic descriptive statistical measures. 
The interview with industry representatives was 
conducted on a sample of 25 companies with a very 
long tradition in the field of mechatronics. 
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Companies differ in size and they are from various 
sectors such as: thermo technics, energy, food 
production, sales, distribution and service of 
mechatronic machines and equipment. The structure 
of industry representatives in relation to sector and 
size are presented in Table 1. 
 
Table 1. Structure of Industrial Representatives in 
Relation to Sector and Size 

General information 
No 

Name of 
sector 

Thermo technics 
8 

Energy 
2 

Food production 
9 

Sales, distribution, and 
service of mechatronic 
machines and equipment 

6 

Number of 
employees 

< 10 4 

10 - 50 7 

50 - 100 9 

>100 5 

 
General information about the company and the 
results are presented in Table I. The sample 
consisted of five companies with more than 100 
workers, four micro companies with the number of 
employed up to 10, while the other companies are in 
the category employed from 10 to 50 (7), and from 
50 to 100 (9). The most common profiles of jobs in 
these companies are mechanical and electrical 
engineers, a considerable number of experts from 
the fields of economics and management. All 
surveyed companies have organized the professional 
development of their employees. 
 
4. RESEARCH RESULTS 
This research was oriented towards examination if 
there was the willingness of industrial 
representatives for a collaborative partnership with 
vocational schools in terms of mechatronics teacher 
professional development and what companies could 
offer regarding teachers’ professional needs.  
The most of the companies that were interviewed 
have collaboration partnership with universities and 
faculties but rarely with high schools. Results show 
that industry representatives have a very positive 
attitude towards cooperation with vocational schools 
because being closer to the schools could help 

teachers to be more focus on subjects relevant to 
them. Such approach could result in getting more 
knowledgeable trainee. It also could focus teachers’ 
attention on changes in labor market and economic 
realities.  
One category of interview questions was related to 
the forms of cooperation with vocational schools. 
Topics and areas of professional training which 
industry representatives may offer to mechatronics 
teachers are shown in Table II. There are also shown 
how industrial representatives assessed the extent to 
which training topics that companies may offer, 
contribute to the development of professional 
competencies in mechatronics. 
 
Table 2. Topics and areas of professional training in 
companies and its contribution 

Topics and areas of 
professional training 

Contribution 

Choosing the right tools for 
assembly and disassembly 

83% 

Computer skills and 
specializes software 

85% 

Updates knowledge or 
increases qualifications 

85% 

Compliance with safety rules 92% 

Making measurements 65% 

Company presentation 80% 

Environmental protection 57% 

Independence and creativity 58% 

Communicativeness 60% 

Working in a group 70% 

 
Analyzing training that the company can offer, it can 
be seen that even eight topics/areas of professional 
development of teachers could be implemented 
through various training in companies (Table II). 
They are: Choosing the right tools for assembly and 
disassembly; Computer skills and specializes 
software; Updates knowledge or increases 
qualifications; Company presentation; Independence 
and creativity; Communicativeness; Working in a 
group; Making measurements. 
An important task of this study was also to 
determine the difficulties and limitations in the 
process of professional development of teachers 
from industry representatives’ perspective. The 
industry representatives emphasized the importance 
of collaborative partnerships with vocational schools 
and point out to some difficulties regards teacher's 
professional development: „... our company has its 
own training programs for employees and trainer, 

60



regardless of schools, we have our own criteria, 
procedures, and standards; it is simply impossible to 
directly involve teachers in the process of our work; 
it is necessary to establish closer cooperation with 
schools in the form of partnerships; teachers can 
attend students' practice, monitor their performance 
and to familiarize themselves with new technologies 
and develop their knowledge...“.    
These research results indicate that could be 
possibility for developing partnerships between 
vocational schools and employers with the goal of 
obtaining competent workforce in mechatronics. 
 
5. CONCLUSIONS 
Industries representatives suggested in an interview 
that cooperation and partnership with vocational 
schools can offer advantages for both employers and 
teachers. From their point of view, such cooperation 
could lead to modernization of curriculum and 
developing students’ professional competencies 
required by the labor market. Another advantage that 
industry representatives recognize is the ability to 
introduce themselves to the potential trainee, to 
bring closer their standards, the way they doing their 
business and above all new technologies in 
mechatronics. On the other hand through such 
collaboration mechatronics teachers would be able 
to acquire knowledge of specific skills that are 
valuable for the field of mechatronics, to incorporate 
more realistic examples in their teaching practice 
and teach students how to solve certain mechatronics 
problems they may face in the future working 
environment. 
These results could be used for building a new 
foundation upon which new type of collaborative 
partnership between vocational schools and industry 
partners could be built. The finding in this research 
suggests that it can be achieved a significant 
improvement of students' professional competencies 
in mechatronics with the ultimate goal of obtaining 
competent workforce. 
Finally, as recommendations for overcoming 
difficulties and limitations in the process of 
professional development of teachers the following 
steps are proposed: 

 encouraging closer cooperation between 
vocational schools and businesses for the 
purpose of introducing new mechatronics 
technologies and standards; 

 involve the teacher in companies training 
practice and adjusted those training to the 
teacher's professional needs; 

 find an appropriate way to engage industrial 
representatives in mechatronics teachers 
professional development. 
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initial development, the progressive growth of total 
expenses and qualities will show up. Errors 
detection in later stages in the life span of the 
product leads to higher costs of their remediation. A 
large number of errors arise in the product 
development phase and technology design. 
However, in the product development phase and 
technology design, the errors are the most difficult to 
detect.  
As it was already mentioned, it is considered as 
technical risk which should be estimated cautiously 
when making decisions about the project [5]. Due to 
the same source, considering technical risk the 
processes are improving with described procedures 
and the expenses of defective product are being 
reduced (Corrections, warranties and additional 
services). 
According to ISO 31010 standard [6], possibilities 
for risks inclusion could be: 1) avoiding risks and 
taking to consideration risks as a possibility, 2) 
taking over risks to take opportunities, 3) 
elimination of a risk cause/source, 4) change of 
probability or consequences of risk sharing, 5) risk 
retention based on the information 
As well, the process of managing the risk implies 
following activities [7]: 
 Risk identification: certain occasions, acts or 

occurrence can lead to risk. In this case, the main 
question is who to recognize it and how to 
proactively participate in these scenarios. In this 
category various sorts of abruptions, defects, 
poor production of finished pieces and low 
product quality could be included.  

 Risk assessment: Estimation of risks and 
priorities are needed to determine compatible 
acts of management for identifying risk factors in 
accordance to the situation at the design levels. 

As well, risk identification and estimation could be 
observed and indicators in which direction should 
activities go. Some risks could be reduced through 
common action in the designing team, as with the 
other risks, every designer has to deal with the 
problem individually. Generally, every designer that 
resorts to apply the strategy for risk managing,  
should include following [8]: risk transfer, risk 
taking, risk elimination, risk reduction, further 
analysis of individual risks 
 
3. CAD/CAM TOOLS IN RISK ANALYSIS  
Nowadays, CAD programs possess in their own 
libraries large number of standard parts and 
elements, where by calling from the base and 
inserting them, the elements are easily placed on the 

drawing.Also, all these elements can be corrected in 
the drawing.  
By development of powerful hardware solutions, a 
completely new approach to 3D model analysis has 
been developed. This approach is reflected in the 
formation of a detailed model and its use in virtual 
experiments, in a similar way as it would have been 
in reality with a physical model. This means that it is 
no longer necessary to wait for months to create a 
physical model in order to carry out tests, and later 
expensive procedures and modifications with the 
final goal of achieving the required characteristics 
[9]. 
The goal of 3D modeling at the design stage is to 
eliminate risk through: timely problem solving, the 
development of more creative and reliable products, 
reduction of post-war costs, modification of the real 
model or the flow of the production process itself. 
CAD programs allow for certain changes of a 
constructive nature to be made. Advantages in the 
model domain allow the introduction of all changes, 
where each change is automatically implemented on 
all drawings where this phenomenon occurs. 
Nowadays, some industry branches can’t even be 
imagined without the use of CAD tools in 3D 
modeling and drawing.A typical example for 
something like that is the air and automotive 
industry that uses many CAD programs for the basic 
tool to model various parts. which later, with the 
help of special methods, examine and simulate 
various external physical influences.  
In its foundation, the platform for testing and 
realization of 3D models includes programs CAD, 
CAM, FEA. The CAD system is used in the process 
of product design.It represents developed computer 
hardware and the corresponding software that is that 
is used for designing and constructing [10]. In the 
preparation of technology, a computer is used in the 
computer (Computer Aided Manufacturing) or 
computer assisted technology development, or 
computer development of a technological process. 
FEA programs are used to model elastic 
components, which takes into account the influence 
of elasticity during simulation in order to predict 
results with greater accuracy, as well as to determine 
the strain of the most critical parts and define their 
load bearing capacity in order to finalize the mass of 
the components. 
 
4. METHODOLOGY- ALGORITHM 
In this project, the design process will be explained 
with the analysis of risk occurrence in all its stages. 
As an example,we will use a model for mechanical 
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forks in the automotive industry (see picture 2). On 
this example, CAD application software was used in 
order to reduce the risks involved in designing, but 
also to avoid poor communication in relation to 
marketing - design - the manufacturing process.  
The algorithm of the new product design process is 
given in the picture 2. 
 

 
Fig 2. Designing process algorithm 

 
The first step is defining the input data necessary for 
the entire process of conquering a new machine part 
and setting up technical and technological 
requirements. Here the risk can be involved if the 
input data not considered high-quality.  
The second step is the 3D modeling of the machine 
part (in some of the available CAD software). Then, 
the preparation of the 3D model for the FEA - Finite 
Element Analysis and the calculation of the strength 
of the projected work is carried out. After the budget 
has been executed, the obtained results are analyzed 
from two aspects: 
 

1. Are the stresses and deformations within the 
permitted limits? 

2. Have the desired results been achieved 
(lifespan)? 

The analysis of these results represents a step where 
the risk elements regarding the geometry of the set 
model and selection of materials are considered. If 
satisfactory results are not achieved, it is necessary 
to make certain corrections in terms of changing the 
material, and/or the geometry.The procedure is done 
iteratively, until the set requirements are met from 
the aspect of the strength of the structure, the 
planned (designed) working life of the construction. 
Then, the planning and part realization on the CNC 
machine is done, with the previous 
drawingslaunching. In order to eliminate the risks, it 
is necessary to define in the drawing the appropriate 
measures tolerances, shapes and positions, which are 
determined in advance by the function of the 
projected machine part within a certain sub-
assembly. 
Finally, the realized geometric measures control, 
shapes and positions within the previously defined 
tolerances is carried out. 
In order to eliminate the occurrence of risks, part 
assembly control, as well as control of its 
functionality within the sub-assembly, is of great 
importance. If these conditions are not satisfied, it is 
necessary to correct the geometry of the work, if it’s 
possible. Otherwise, the new part is being 
developed.  
The stream designing, i.e. the development of a new 
product indicates an obvious link between CAD and 
CAM tools. Changes on the 3D model are 
automatically manifested in the remaining modules 
(phases) within the overall design process. This 
greatly saves resources: people, resources and time, 
and therefore, money.  
Based on the presented algorithm, the principle of 
functional characteristics and application of 
reference technology in the realization of the product 
has been respected. By its very nature, the functional 
characteristic refers to an existing product on the 
market, which has the same function and / or almost 
the same functional value for the user. The purpose 
of the functional characteristic is comparison with 
the new product, which will lead to improvement. 
After completion of the project / product, most 
designers want a new opportunity to start all over 
again in order to do the right thing and for everyone 
to understand it. Unfortunately, a small number of 
them get an opportunity to do this. Solutions to the 
problem and potential solutions are obtained through 

64



the knowledge of individuals, which indicates the 
loss of freedom in design. 
 
5. CONCLUSIONS 
The development of information technology enabled 
designers to present a new product or more 
combinations to obtain a sustainable production 
concept in a short period of time and with low costs, 
especially through the application of the 3D 
modeling program. 
Product design is a risky activity in the production 
process. Success at the design level also determines 
the product price. 
In the analysis of the demonstration model, it was 
tried to satisfy all conditions with the maximum 
exclusion of all predictable and unpredictable risk 
factors: 
 the designing process should enable accurate and 

transparent steps in terms of providing solutions, 
 the model should be neutral in the first 

consideration, and then the conditions of 
concretization, 

 the elements of the model must be precisely 
defined, 

 the proposed steps have to be accurately 
described and explained, 

 analyzes and results obtained with other models 
should be carried out, 

 the model should be understood by designers in 
practice, 

 the model should be applicable. 
This work shows the importance of CAD application 
software in the new product development. The 
application of software accelerates the development, 
analysis and decision-making of acceptable and 
solutions. With CAD application software it is 
possible to execute: static size calculations, stability 
and vibration calculations, multi-criteria 
optimization and determination of thermal changes 
in the design. 
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whether they can be used for occupational noise 
measurements. Satoh et al. in [13] used smartphones 
with acoustic measurement apps to make sound 
maps in an university course for environmental 
acoustics, and validated the measurement results 
with white noise signal in anechoic chamber. 
Nesaratnam and Taherzadeh in their research [12] 
concluded that the smartphone microphone usually 
has a low frequency filter, as the device is primarily 
intended for speech (frequency range: 350 Hz - 4.8 
kHz), and that this has to be taken into account when 
measuring noise with significant low frequency 
components. 
Murphy and King in [11] took smartphone apps 
from controlled laboratory environment out to the 
field, in order to test their performance in a more 
realistic and more varied sound environment. Due to 
limited microphone frequency range, the apps 
performed worse than in laboratory, because the 
real-world sounds cover wider spectrum of 
frequencies. Hawley and McClain in [6] claim that 
measurement accuracy is hindered because 
smartphones use omnidirectional microphones, 
tailored to detect voices, instead of professional 
metering equipment which employ directional 
ambient microphones spanning over broader ranges 
of frequencies. 
 
3. SOURCES OF MEASUREMENT ERRORS 
Urban noise reduction interventions, such as low-
noise pavement, speed reduction, mixed traffic flow 
reduction, and traffic calming measures can reduce 
the traffic noise up to 6 dB, and significantly more 
expensive noise barriers can reduce the noise for as 
much as 25 dB [16]. Therefore, the measurement 
uncertainty of noise sensors should be below these 
values, otherwise the effects of these interventions 
could not be measured precise enough. 
Brown and Evans in [2] analysed the limitations of 
smartphones being used as noise sensors. They 
doubted the accuracy of these devices, due to 
hardware and software limitations, most notably the 
frequency range these devices are capable to 
capture. Maisonneuve et al. in [8] explained the 
calibration of mobile phones. They used pink noise 
30 to 105 dB (by 5 dB steps) and obtained results 
with a final precision of ±4 dB on the Nokia N95 
8GB.  
Contrary to the controlled laboratory measurements, 
the field measurement results may vary greatly due 
to the effect of temperature, humidity, long-term 
use, object interference, and overall stability of the 
microphone and electronics in measuring devices 

[7]. González DM et al. in [5] have found that it is 
necessary even to make corrections of the standard 
measurements for the distance to the source if there 
are parking lanes. That only points out that field 
measurements are subjected to a number of various 
influence factors that could change the measured 
noise levels more than the effect of noise reduction 
measures implemented. 
The influence factors for the quality of 
measurements performed by smartphone apps 
include:  
- microphone type (e.g. Apple moved to a new 

supplier of microphones with the introduction of 
the iPhone 5 [7], which changed their 
performance),  

- microphone quality (almost all smartphone manu-
facturers use MEMS microphones in their devices, 
which typically have a sensitivity between 5 and 
17.8 mV/Pa and can capture signals as low as 30 
dB SPL and as high as 120 to 130 dB SPL with 
signal-to-noise ratio >60dB. MEMS microphones 
also have a flat frequency response similar to 
ceramic and condenser microphones in type 2 
noise dosimeters [7]),  

- calibration method (smartphone apps often enable 
only a "calibration" using single sound frequency/ 
intensity. The real calibration should cover a wider 
range of frequencies and intensity levels to check 
the calibration curve) 

- measurement technique (the newest Brüel&Kjaer 
professional sound level meters suggest Bluetooth 
remote operation to avoid influences of sounds 
such as clicking the instrument buttons. 
Smartphones, on the other side, use built-in 
microphones with limited sound capturing 
capacity, and can be influenced by a number of 
obstacles such as phone protection covers, 
microphone openings clogged by dust, or bizarre 
situations such as incoming phone call notification 
during the measurement) 

- operating system features (e.g. Apple iOS6 allows 
app developers to bypass speech filters and input 
gain control on older devices [7]).  

- sound measurement software features and capabi-
lities (how software can be adjusted, which 
external influences are taken into account, is data 
integrity well taken care of, are there time delays 
in data processing, etc.).  

Android devices are built by several different 
manufacturers and that there is a lack of conformity 
for using similar microphones and other audio 
components in their devices [7]. Results from [13] 
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also showed that variations of the data are more 
significant in Android than in iOS devices. 
 
4. SOFTWARE QUALITY 
The term "software quality" may refer to desirable 
characteristics of software products, and to 
processes, tools, and techniques used to achieve 
them [5]. Software quality is also defined as the 
"capability of software product to satisfy stated and 
implied needs under specified conditions" and as 
"the degree to which a software product meets 
established require-ments; however, quality depends 
upon the degree to which those established 
requirements accurately represent stakeholder needs 
and expectations" [1].  
The hidden complexity within the software in 
measu-rement systems is a potential source of errors 
that could remain undetected, thus inducing 
measurement errors or increasing uncertainty.  
Western European Legal Metrology Cooperation 
(WELMEC) issued a technical guidance for the 
application of the Measuring Instruments Directive 
(MID) 2004/22/EC, especially for software-
equipped measuring instruments [14]. However, this 
guidance does not refer to sound level meters, and 
other instruments covered by this guidance (water 
meters, thermal energy meters, exhaust gas analysers 
etc.) could be used as a template to derive the 
specific software requirements for sound level 
meters, such as indication suitability, inhibit 
resetting of cumulative measurement values, or fault 
recovery. 
Another software validation guidance document was 
developed by the National Physical Laboratory [15]. 
It covers much more issues than WELMEC Guide, 
such as software non-linearity, numerical instability, 
structural decay, code review etc.  
Smartphone apps are usually rated according to 
customers opinion polls, but the real software 
quality, as defined in [1], is rarely tested. Since more 
and more apps are used to encompass the Internet of 
Things (IoT), there is an urgent need to define the 
software quality requirements for smartphone apps 
used for purposes such as environmental monitoring, 
pollution or noise mapping. Making decisions 
according to these data makes it even more 
important. 
 
5. EXPERIMENTAL SETUP 
In order to test the usability of smartphones as noise 
level detectors, three free Android apps (SoundMeter 
v.3.2.6 by Abc Apps, Sound Meter & Noise Detector 
v.2.4 by Tools Dev and NoiseCapture v.1.1.3 by 

Ifsttar) were installed on two smartphones (Samsung 
Galaxy SM-J510FN with Android v.7.1.1 and Sam-
sung Galaxy SM-A500FU with Android v.6.0.1). 
Simultaneous measurements were performed by 
Brüel&Kjaer hand-held Analyzer Type 2250 [2] and 
low-cost sound-level meter UT353 made by Uni 
Trend Technology. 
Figure 1 shows how measurement results can vary 
significantly and it was very hard to obtain the same 
readings on different measuring instruments. 

 
Figure 1. Different readings of the same noise level 

measured by different instruments 
 
Tables 1 and 2 contain measurement results of noise 
levels captured by different devices in an urban 
environment (next to the busy street) during the day 
(15:00-15:15), and during the night (22:00-22:15). 
The frequency of large trucks (making the highest 
levels of noise passing by the measurement location 
within 15 minutes was 40-50 during the day and up 
to 10 during the night. Maximum noise levels 
recorded in the daytime and the night-time were 96 
and 51 dB, respectively. 
All measurements were performed at the height of 
1.2 meters above the ground to avoid the sound 
reflection, and the measurement results are averaged 
over the 15-minute periods. 
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Table 1. Daytime noise measurements 
Noise level  

(dB) 
Application 

Sound-
Meter 

Sound 
Meter & 

Noise 
Detector 

Noise-
Capture Device 

Galaxy J5 69.5 67.0 74.5 
Galaxy A5 71.2 68.4 75.2 
B&K 2250 72.9 
UT353 72.6 
 

Table 2. Night-time noise measurements 
Noise level  

(dB) 
Application 

Sound-
Meter 

Sound 
Meter & 

Noise 
Detector 

Noise-
Capture Device 

Galaxy J5 62.5 62.1 68.7 
Galaxy A5 64.3 63.3 69.3 
B&K 2250 67.5 
UT353 67.3 
 

The measurement results show that the difference 
between the professional and low-cost measurement 
devices are within ±0.3 dB, the difference between 
the smartphones using same application ±5.9 dB, 
and the difference between the applications on the 
same smartphone ±6.2 dB. 
 

6. CONCLUSIONS 
Having in mind that regular urban noise reduction 
interventions (other than sound barriers) can reduce 
traffic noise levels only by 2-5 dB, which means that 
using smartphones as noise measuring instruments 
should be questioned and thoroughly tested before 
making any decisions based on measurement results. 
It is not feasible to perform expensive measures if 
the results are lower than the measurement 
uncertainty.  
Even though smartphone apps can be used for 
detection of noise hot spots, indicative 
measurements, and creation of low resolution noise 
maps, the serious noise maps, as requested by the 
regulations, should be performed only by calibrated 
measuring instruments. 
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Apart from different structure shown on Table 1, 
other major differences in ISO 9001:2015 are listed 
in further text. 

RISK-BASED THINKING  
While this has always been part of the standard, the 
new version gives it increased prominence. Formal 
risk analysis of processes that could endanger 
intended results of a system is now standard for 
every organization that implies ISO 9001 
requirements. The addition of risk-based thinking set 
the principle of prevention in the focus of Quality 
Management System, and thus made the “preventive 
measures” of ISO 9001:2008 redundant, so the term 
“preventive measures” no longer exists in ISO 
9001:2015. 

CONTEXT OF THE ORGANISATION  
ISO 9001:2015 requires an organization to define 
the specific context within which it is active. This 
means that organizations have to deal with internal 
and external strategic questions and to take into 
account and evaluate the needs and expectations of 
all significant interested parties.  

MORE FOCUS ON INPUT AND OUTPUT 
ISO 9001:2015 puts more emphasis on needed input 
and output of processes. According to ISO 
9001:2015, organization should monitor which 
matter, energy and information are involved in the 
production process in order to have adequate 
products in the output. The basic elements of a 
single process are shown on Figure 1. 

 

Figure 1. The schematic representation of the elements of a single process 

 

THE INTERESTED PARTIES 
In ISO 9001:2015 customers are not the only 
recognized interested party, as it was in 9001:2018. 
Suppliers, personnel, shareholders, legislative 
bodies, society, etc. are now included as interested 
parties, in addition to customers. Every organization, 
should anticipate requirements and expectations of 
important interested parties in order to deliver a 
desired product or service  

LEADERSHIP  
ISO 9001:2015 also puts more emphasis on 
leadership and management commitment. It requires 
greater involvement of top managers in the 
functioning of Quality Management System. In this 
way ISO 9001:2015 encourages integration of QMS 
with business processes and business strategies. 
Risk-based thinking enables top managers to steer 
the quality management system along the right lines. 

DOCUMENTED INFORMATION 
ISO 9001:2015 no longer requires obligatory 
documented procedures or a quality manual. All 
documents, including records, are now referred to as 
“documented information” in all clauses of ISO 
9001:2015. The information can be in any format 
and come from various sources and media. This 
encourages organizations to find their own “best 
way” of system documenting. 

ROLES AND RESPONSIBILITIES  
The “management representative” required in ISO 
9001:2008 was a member of the management 
committee who had the overall responsibility and 
authority for the organization, coordination, 
maintenance and improvement of the system. ISO 
9001:2015 does not mention this aspect any more, 
which implies that quality should be a matter for 
everyone within the organization. 
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2. METHODOLOGY FOR IMPLEMENTA-
TION OF ISO 9001:2015 REQUIREMENTS  
The changes in ISO 9001:2015 triggered off some 
changes in approach of standard requirements 
implementation, although the authors suggest that all 
existing documents (Quality Manual, Procedures, 
Instructions and records) should be retained if they 
are effectively applied in the organization. 
The engagement of the authors as consultants on 
improvement of Quality Management Systems in 
accordance with ISO 9001 standard requirements in 
numerous organizations was crucial for the creation 
of this paper. The experience of the authors shows 
that regardless of the size and activities of company, 
the project of transition from ISO 9001:2008 to ISO 
9001:2015 requirements can be accomplished by 13 
phases described below: 

Phase 1 – The observation, analysis and 
estimation of system efficacy 

In this phase the Consultants should be acquainted 
with an accurate management system status of the 
organization by observation and analysis of the 
system state and efficacy.  
Consultants should get to know all relevant 
functions and documentation of the enterprise.  

Phase 2 – The improvement program  
According to the system efficacy estimation 
accomplished in the Phase 1, consultants should 
define the improvement program and assess the 
duration of activities, with expected duration of the 
whole Project. 

Phase 3 - The informative seminar  
The Seminar is intended to provide basic 
information to organization top managers on 
standard ISO 9001:2015 requirements. The Seminar 
should explain the way for the implementation of 
ISO 9001:2015 requirements according to the 
detailed Improvement program, which covers all 
requirements of the standard. 

Phase 4 – Defining the context of an organization 
Consultants in cooperation with the project team of 
the organization define the context of the 
organization, as well as the needs and expectations 
of stakeholders. Established elements should be 
documented in Quality Manual. 

Phase 5 – The instructive seminar for the risk 
management process 

This seminar is designed for participants from the 
organization, and it should include provision of 
basic instructions and principles for risk assessment 

of QMS processes. The proposed methodology for 
risk assessment process that will be used in the 
organization should be precisely explained. The 
starting point for risk assessment should be 
recognition of key performance indicators for all 
important processes. This process should be defined 
in a new procedure. 

Phase 6 – Defining Quality policy and objectives 
The existing Quality policy should be harmonized 
with the context of the organization, assessed risk 
levels and other changes according to the new 
requirements of ISO 9001. All the objectives of the 
quality management system should be aligned with 
the Quality policy and every objective should have 
documented program for its realization. 

Phase 7 – Harmonization of existing documents  
In order to meet all the requirements of the ISO 
9001:2015, the development of new and changes in 
existing documents should be carried out according 
to the performed risk assessment. 

Phase 8 – Distribution and application of 
documented information 

After the distribution of new and revised documents, 
the project team should monitor their application and 
give instructions to the users of documented 
information. 

Phase 9 - The instructive seminar for internal 
auditors  

This phase covers the training of internal auditors 
from the organization, according to the ISO 
9001:2015 requirements. Candidates for internal 
auditors will be determined by management. 
Seminar includes the examination and certificates 
are issued to all participants that pass the exam.  

Phase 10 – The internal audit 
Internal audits should be conducted by trained 
auditors. Findings of the audit with observed 
nonconformities should be documented and 
corrective actions defined. 

Phase 11 – Corrective actions after internal audit 
Consultants should check the implementation and 
effectiveness of corrective actions defined after the 
internal audit. 

Phase 12 – Management review 
Consultants should provide assistance in quality 
management system review. The management 
review records report the readiness of QMS for the 
certification audit. 
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Phase 13 – Corrective actions after certification  
Consultants should provide assistance in application 
of corrective actions on eventual nonconformities 
noted by the certification body. 

The order and duration of listed activities are crucial 
for the quality realization of the project of standard 
requirements implementation. Approximate Gantt 
chart for project realization is presented in Table 2.  

Table 2. Approximate Gantt chart for project realization 

THE IMPROVEMENT PROGRAM 
PLANNED TIME OF PROGRAM REALIZATION 

  Weeks 
No. PHASE 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1. 
The observation, analysis and 
estimation of system efficacy 

            

2. The improvement program 
 

            

3. The informative seminar 
 

            

4. 
Defining the context of an 
organization 

 
           

5. 
The instructive seminar for the risk 
management process 

 
           

6. 
Defining Quality policy and 
objectives 

 
           

7. 
Harmonization of existing 
documents  

 
          

8. 
Distribution and application of 
documented information 

 
          

9. 
The instructive seminar for internal 
auditors 

 
            

10. The internal audit              

11. Corrective actions after internal audit              

12. Management review              

13. Corrective actions after certification               

 
3. CONCLUSIONS 
As it can be seen in Table 2, the project of ISO 9001 
transition can be roughly terminated in 14 weeks, 
but this period of time can be reduced or extended 
according to complexity of activities of the 
organization, and it primarily depends on 
engagement of consultants and project team. 
The phases of the project are adjusted to those 
organizations that have already implemented 
standard ISO 9001:2008 and it covers all the 
changes that standard ISO 9001:2015 has brought 
out. 
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environmental conditions and with available 
resources to perform it”. 
Human reliability is an issue that started with a study 
in the 50’s at Sandia National Laboratories (USA) to 
determine the feasibility of a defensive armed 
system operated by persons [16]. More recently the 
concept of HRA emerged in the literature as the way 
to identify the error, quantify human reliability 
(probability) and find how to mitigate or reduce 
human error [7]. 
The first methods were essentially based on the 
person’s behaviour and not on cognitive factors and 
thus were considered as “first generation methods”. 
It was a mechanical approach and the persons were 
identified as mechanisms or components. Later, with 
the introduction of cognitive factors as the skills, 
knowledge and rules appeared the “second 
generation methods” [14]. Nowadays, some methods 
are already referred as “third generation methods”. 
More than thirty methods, techniques and tools can 
be described.  
Several works in distinct areas can also be referred, 
as for example in the aviation field [15], medicine 
[11], nuclear field [5], transportation [2] or 
petrochemical facilities [9], among others. 
 
3. HUMAN FAILURE 
As stated before, most of HRA relies on human error 
events. In accordance to Pallerosi [13] human 
failures can be classified into different categories, as 
represented in Figure 1. 
 

 
Figure 1 - Human failure classification. 

 
According to Pallerosi the most common cause of 
human failures is error. These errors are dependent 
of operator capability, stress factors, motivation and 
environmental conditions. Mistakes usually happen 
due to fatigue or stress or even bad environmental 
conditions or person’s aging but the main reason is 
due to lack of training for a specific activity. 
Deliberate transgressions are linked to behavioural 
procedures and are not related to capabilities, 
training of physical characteristics but lack of 
responsibility or impunity. The unintentional ones 
are often related to lack of knowledge of procedures 
or rules. Other classification of human error is done 
by Swain and Guttmann [17], as shown in Figure 2. 

 

 
Figure 2 - Categories of incorrect human outputs in 

HRA (adapted from [17]). 
 
It is also relevant to refer the relationship or 
interaction between man and machine and point out 
how it can affect human error.  
Machine controls should be adapted, taking into 
account human physical, mental and sensorial 
capabilities. The machine must have an adequate 
design of controls and panels and environmental 
conditions should be supervised and controllable. 
All these aspects are very important if one wants to 
decrease the probability of human failure (error) and 
thus improve safety and production in industrial 
activities. 
The emergence of new technological concepts leads 
to new interfaces man-machine. CPS systems 
(Cyber-physical systems) are a new generation of 
integrated computational (software) and physical 
(hardware) systems that can interact with humans 
through many new modalities [8]. 
The hardware and software must be highly 
dependable, reconfigurable and, where required, 
certifiable, from components to fully integrated 
systems. This can give rise to new types of human 
errors, as there must be total reliance on software to 
control processes and operations [8]. 
 
4. METHODS, TECHNIQUES AND TOOLS 
In the present section it will be presented a brief 
description of the most known methods, techniques 
and tools for HRA. 
 
4.1 Technique for Human Error Rate Prediction 
(THERP) 
First developments of this methodology started in 
the 50s with military purposes in a way to diagnose 
the probability of occurrence of human error and 
evaluate the degradation of man-machine due to 
these errors in high risk industrial facilities. 
Although thought at the beginning for application in 
the nuclear field, THERP can be used in several 
industries with credible results [6]. However, some 
disadvantages are pointed out to the method as the 
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high need of resources, excessive detail found in 
some evaluations and the absence of enough 
instructions for the determination of PSFs 
(Performance Shaping Factors) impact on operator’s 
performance. 
 
4.2 Accident Sequence Evaluation Program 
(ASEP) 
ASEP method was developed in 1987 by Swain (the 
same author of THERP) also for the U.S. Nuclear 
Regulatory Commission due to the necessity to have 
a method that could estimate human error 
probabilities (HEPs) and response times for tasks 
performed during normal operating conditions and 
post-accident operating conditions, being 
sufficiently accurate for probabilistic risk assessment 
(PRA) and requiring only a minimal expenditure of 
time and other resources [18]. On the contrary of 
THERP methodology, ASEP was specifically 
developed for nuclear industry and thus not 
applicable to other sectors. 
 
4.3 Human Error Assessment and Reduction 
Technique (HEART) 
HEART was developed with the aim to be a simple 
and quick method to quantify risk related to human 
error and to give suggestions on how to proceed to 
reduce such error. The first presentation of this 
technique was done by Williams at a conference in 
UK, in 1985 [19], being developed and detailed in 
further works done by the same author [20] [21]. It 
is a general technique, recognized as a successful 
and cost-effective tool for predicting human 
reliability and identifying ways of reducing human 
error. It can be also applied to any industrial 
operation due to its methodology being centred upon 
the human operator rather than the technical process. 
 
4.4 Standardized Plant Analysis Risk - Human 
(SPAR-H) 
This methodology was also developed by the Idaho 
National Laboratory for the U.S. Nuclear Research 
Commission in 1994 with the aim to build an 
approach and development of probabilistic models 
to assess human reliability in NPPs. Various 
combinations of contributory factors were examined 
and given a rating based on their combined effect on 
dependency among tasks. The ratings of the various 
combinations correspond to zero, low, moderate, 
high, or complete dependency among tasks. A more 
detailed explanation of each factor and the 
relationship analysis between factors can be 
analysed in the reference document [3]. The 

methodology is mostly directed to the nuclear 
industry. 
 
4.5 Cognitive Reliability and Error Analysis 
Method (CREAM) 
This method was developed by Hollnagel in the 90s 
and presented in a scientific paper in 1998 [4]. It is 
described as a bidirectional method and is based on 
the distinction between competence and control. The 
method classifies human error into causes 
(genotypes) and manifestations or effects 
(phenotypes), regardless of whether it is for a 
retrospective or a predictive purpose. 
 
4.6 A Technique for Human Event Analysis 
(ATHEANA) 
ATHEANA is an assessment technique that provides 
a useful structure for understanding and improving 
human performance in operational events. It is the 
result from a study of operational events and from an 
attempt to reconcile observed human performance in 
the most serious of these events with existing 
theories of human cognition and human reliability 
models, within the context of plant design, 
operation, and safety [12]. This technique is 
concerned with identifying and estimating the 
likelihood of a situation in which operators take 
actions that render a plant unsafe. ATHEANA 
differs from other methods because it attempts to 
identify and determine the probability of a situation 
that can trigger an unsecure or unsafe action in plant 
personnel. 
 
5. CONCLUSIONS 
It is fundamental to assume that the impact of human 
reliability is as important as the impact of physical 
asset’s reliability when performing an industrial risk 
assessment or a generic risk analysis. As it can be 
observed from the previous paragraphs, the 
estimation of the probability of human error is a 
complex task, once it can be influenced by several 
factors. Despite all the factors to be considered, it is 
also important to recognize how sensorial and 
cognitive processes work in humans. 
In the last two decades there is a notorious effort in a 
way to create methods, techniques and tools that 
help analysts to understand and reduce human 
failures when performing an activity. For obvious 
reasons the nuclear industry has been all over the 
years the motor for investigating and developing 
new models. Some of these models can be applied in 
other fields of industry, being possible to incorporate 
this new paradigm into traditional analysis. It was 
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briefly presented a set of methods, techniques and 
tools and their main characteristics showing a 
variety of concepts and concerns around the human 
reliability. Whatever the method used for 
determining HEP, the most important is to assure 
that human failures are effectively considered in any 
HRA and PSAs. 
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13306 [3] maintenance can be performed before or 
after a failure occurrence. The former corresponds to 
preventive maintenance and the later one to 
corrective maintenance. Preventive maintenance can 
be classified into two categories: 

• Scheduled Maintenance (SM) (also known as 
time-based maintenance or hard time 
maintenance); 

• Condition-based maintenance (CBM) (or 
predictive maintenance). 

Condition-based maintenance has been proven 
effective in reducing unexpected failures with 
minimum operational costs. Therefore, the use of 
condition monitoring techniques and CBM has 
increased rapidly over recent years [5].  
The heart of CBM is condition monitoring which, in 
principle, involves periodic or continuous (online) 
data acquisition, processing, analysis, interpretation 
and extracting useful information from it. The 
information helps to identify if the asset health has 
diverged from the normal. If so, then fault diagnosis 
and prognosis often follow. Finally, a decision 
regarding when and what maintenance tasks are to 
be performed, is taken [4]. Fig. 1 illustrates the 
CBM process, including the condition monitoring. 
 

 
Figure 1 – Condition-based Maintenance process 

 
Condition-based maintenance has been used in a 
large variety of applications. Regarding the 
published literature it is possible to observe the 
usage of CBM and reference to condition monitoring 
in several works [8] [13]. 
Concerning the energy sector it is also possible to 
find some works using condition monitoring 
techniques as for example for condition monitoring 
and fault diagnosis for hydropower plants [11] or 
wind farms [1] [12] [6]. 
Recently huge developments on the field of 
condition monitoring were achieved using 
information and communication technologies (ICT) 
with online and wireless techniques, providing 

reliable and continuous information with lower costs 
[4] [7] [14]. 
Condition monitoring refers to maintenance tasks 
performed on physical assets that includes collect 
data, process all the information gathered, perform a 
data analysis and decide the current asset status. This 
process must be reliable once a good or bad decision 
to perform subsequent maintenance activities could 
have a huge impact on safety, production or 
environment, with inherent costs and resource 
allocation. 
 
3. AUDITING MAINTENANCE SERVICES 
Maintenance quality in industry means to achieve 
the maximum availability of physical assets at 
minimum cost. This is somehow ambitious and 
ambiguous once we are facing contradictory 
objectives. One way to improve maintenance quality 
is to produce regular audits to this function or 
service. 
The measurement of maintenance performance 
through audits can be observed in several papers on 
the area [9] [2]. Usually an audit process is based on 
inquiries, interviews and data analysis (when 
available). Condition monitoring service is one of 
the most audited services due to its importance 
inside a common maintenance department. Usually 
it uses high technological equipment that requires 
high investment on hardware, software and human 
competencies. Thus, it is important to be efficient in 
all activities performed under the scope of condition 
monitoring. 
 
4. PROPOSED METHODOLOGY 
Following the previous explanations and theoretical 
approaches concerning maintenance services and 
auditing, it is presented in the following paragraphs 
a methodology to evaluate the efficiency of the 
condition monitoring service in an organization. 
The main objective of the implementation of such 
methodology is to determine the efficiency of the 
condition monitoring service comparing the actual 
situation of the service with one considered as ideal, 
and thus performing a gap analysis between these 
two situations. Fig. 2 shows a schematic 
representation of the proposed methodology, 
explained in the following paragraphs. 
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the OS with an efficiency of 65.55%. The higher 
value of efficiency is achieved in the IS area with 
71.77% of efficiency. Based on these values it is 
time to determine the Overall Service Efficiency 
(OSE), as stated on the proposed methodology in 
section 4. Applying the weight on each area a value 
of 65.12% was determined for the OSE. 
According to the qualitative scale for OSE it can be 
said that we have a “Good Condition Monitoring 
Service” in this facility. Although this positive result 
it is clear that condition monitoring service is far 
from a “Very Good” or “Excellent” qualification. 
Making a deeper analysis at the identified gaps and 
on the consistency of the answers it is possible to 
point out some actions or recommendations in a way 
to improve the referred service. Based on a 
preliminary analysis of the final report it was 
established a calendar to implement the top priority 
recommendations and responsibilities were defined 
for each activity. 
 
6. CONCLUSIONS 
In the present work it was proposed a new 
methodology to determine the Overall Service 
Efficiency (OSE). To achieve the value of the OSE 
there are three main areas under observation: the 
organization of the condition monitoring service 
(OS), the human resources affected to condition 
monitoring service (RH) and the interface between 
condition monitoring service and other services 
within the organization (IS). It was presented a real 
case study where the referred methodology was 
applied with results.  
The originality of the work developed is centred on 
an innovative methodology that can be easily 
applied in a huge number of industrial fields, 
although its simplicity. 
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the standardization approach, not considering the 
regional differences. The company states that “our 
clothing products are the same in London, Madrid or 
Hong Kong” (Financial Times, 1994). 
The second set of analyses is concerning the lack 
primary data marketing research (Leelapanyalert et 
al. 2015). The market strategy is mostly based on 
secondary research and regular visits, while 
implementing a global strategy without proper 
adaptation to the local market needs and demands. 
The product development and supply chain are 
highly centralized in the United Kingdom. 
(Whitehead, 1994) 
Furthermore, Marks and Spencer lacked clear 
positioning and brand image. The clothes offered 
were neither traditional, business wear neither street 
fashion style which is popular amongst young 
Chinese consumers. (Financial Times, 2017). 
Considering that the Chinese youth tends to be 
fashion oriented, always experimenting with their 
style and preferences. 
 
4. DID MARKS AND SPENSER CHOOSE THE 
RIGHT ENTRY MODE FOR CHINESE 
MARKET 
 
Marks and Spencer international operations are 
usually through wholly owned stores, franchising or 
joint venture (Marks and Spencer, 2016). The entry 
to Hong Kong was followed by launching wholly-
owned stores (Jackson & Sparks,2005) and then 
proceeded to compete on the Chinese mainland 
market via wholly owned stores in various locations. 
(Vrontis & Vronti 2000) 
After years of poor performance, the company has 
decided to close five stores in the greater Shanghai 
region, followed by gradually closing a large 
number of wholly-owned stores from different 
locations. Instead, the retailer has decided to sell the 
merchandise through third party e-commerce 
platforms such as TMall.com and JD.com.  
According to a 2017 report from Mintel, Marks and 
Spencer has announced to close its owned store 
property and will instead focus the efforts on joint 
venture and franchise partnerships in China. (Mintel, 
2017). Closure relates to the low profitability, but 
the company has decided to trade with a reduced 
intensity of distribution or via resellers. (Burt et al. 
2003)  
Eventually, Marks and Spencer has confirmed that 
Al-Futtaim will become the new sole franchise 
owner for the stores in Hong Kong. (Marks and 
Spencer,2018) 
 
5. HAS MARK AND SPENSER SLEPT WHEN 
CONDUSTING THEIR SLEPTS ANALYSIS 
 
A thorough analysis of the environment is at the 
heart of understanding a certain marketplace. In 

recent years, there has been an increasing interest in 
developing a SLEPT analysis prior to entering a 
foreign market. The acronym SLEPT stands for 
social, legal, economic, political and technological 
factors, that might influence the company’s 
operations. 
When it comes to Marks and Spencer, and the 
Chinese marketplace, it can be noticed that they 
have failed to conduct a proper scanning of the 
market they entered to. 
Social and cultural attributes include “language, 
religion, aesthetics, values, social organizations, 
etc.” (Schlegelmilch, p.23,2016) As the 
demographics are constantly changing, the Chinese 
social factor is of crucial importance for companies 
who want to reach success. According to Geert 
Hofstede value dimensions, China is considered to 
be a collectivist culture (Hofstede Insights, 2018).  
Of particular concern is Marks and Spencer’s 
improper market research. The lack of market 
research and misinterpretation of the market’s needs 
and demands, have led to disregarding the local 
customs and style preferences. They have proved as 
unable to keep track with the changing demand of 
the fashion in China. and most important of all, they 
have failed in understanding and targeting Chinese 
consumers. By offering clothes in sizes that didn’t fit 
the local body shapes M&S has encountered 
“shortages of the smaller-sized clothes demanded by 
mainland consumers have depressed trade.” 
(Financial Times, 2009). Additionally, they have 
showed culturally insensitive merchandise by having 
labels in British and European sizes. According to an 
article by Jiangsu Commercial Daily the sizes of the 
clothing was classified “by European metrics – 6, 
8,10,12, not ‘small,’ ‘medium, ‘large’ – which is 
what Chinese shoppers are familiar with”.  
In a recent article published by McKinsey and 
Company argues that the Chinese consumers have 
been embracing new products, services and retail 
experience at rates unseen in developed markets. For 
example, the mobile payment penetration went from 
0% in 2011 to 25% of the population in 2015. 
Additionally, the e-commerce sector has been 
rapidly growing with having more than 35% of the 
population in Greater Shanghai area to have 
purchased apparel online in the past six months. 
(McKinsey & Company, 2018) 
The legal framework still in its early stage, as the 
country is going through a rapid development. For 
international companies that would to pursue 
business in China, there is a catalogue guidance 
issued by PRC National Development and Reform 
Commission (NDRC) and MOFCOM which 
indicates the type of licenses needed to operate in 
China. A separate guidance is available for 
companies that want to pursue a joint venture with a 
Chinese company.  
Over the past five years, China’s economy 
experienced significant GDP growth rate. Any 
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economic development could have a major impact 
on the international enterprises and their actions. 
China’s GDP rate suggests that each citizen is 
increasingly adding more values to the society. 
The political factors such as governmental 
regulations represent the biggest risk for 
international companies. Since 2001, the Chinese 
market has been open to foreign MNE due to 
China’s entry in the WTO which removed trade 
barriers for foreign investors. This has encouraged 
foreign companies to invest and settle their 
operations in the Chinese mainland. Additionally, 
the government has been increasingly paying 
attention to further development of the e-commerce. 
China has an advanced and innovative technological 
infrastructure and the government is increasingly 
investing in high-tech development. This contributes 
to retailers in the ways in which they can 
communicate with their target audience as well as 
provides to opportunity to include high-tech inside 
their stores.  
The last element of the SLEPTS analysis is the 
sustainability. China’s fast development has cause a 
lot of negative environmental issues. That is the 
reason the government is now paying increased 
attention to preserving the environment. Therefore, 
companies who operate on Chinese mainland should 
cooperate and include corporate social responsibility 
in their core strategy in order to have a successful 
integration in the Chinese market. 
 
6. SEGMENTATION TARGETING 
POSITIONING – WHAT WENT WRONG? 
 
The Chinese retail sector is being engaged by fierce 
competition, as well as the places of contact with the 
consumers has seen a great increase in the past decade 
which is one of the main causes for a powerful battle 
between retailers for market share. Proper segmentation, 
targeting and positioning are now more important than 
ever for marketing professionals in order to identify 
opportunities for growth. 
With a middle class of more than half a billion 
people, the Chinese retail market is the largest in the 
world, valued at $4.886 trillion in 2016. eMarketer 
estimates to surpass $7 billion by 2020. 
The behavioral segmentation proposes that Chinese 
consumers are prone to buying good quality 
products by reasonable prices. The purchase 
occasion is most likely to be for either special 
occasions to casual wear. The Chinese youth is more 
likely to experiment with their style and clothing 
design. This is where Marks and Spencer slipped in 
China, as they couldn’t adapt fast enough to the 
changes in the fashion world and the style 
preferences of the local consumers. 
The psychographic segmentation of Marks and 
Spencer’s consumers are middle aged women, 
educated, with a dynamic lifestyle. They have failed 

to target the younger age groups which have high 
purchasing power. 
The demographic segmentation of the consumers is 
35-54 years of age. Their customers are family-
oriented with active lifestyle.  
Geographically, Marks and Spencer didn’t have a 
clear segmentation, as they were present in different 
cities across the Chinese mainland. 
Marks and Spencer adopted a “global segments as 
target markets”, targeting middle aged women from 
different countries, conversely targeting younger 
generations. 
They pursued a mixture of undifferentiated and 
differentiated targeting rather than a concentrated 
targeting approach. Middle aged women were seen 
as the prime revenue generator however they tried to 
target young individuals, both male and female. 
The evidences provided have shown that Marks and 
Spencer didn’t have a clear positioning in the 
Chinese mainland. The company was seen stuck in 
the middle of the spectrum between retailers such as 
H&M and Zara, and high-end retailers such as 
Prada, Balenciaga etc. 
 
7. PROPOSAL OF SOLUTION FOR RE-
ENTRY TO CHINESE MARKET 
 
The data presented throughout this paper illustrates 
the need for Marks and Spencer to change their core 
marketing strategy and adapt it to the market they 
wish to target.  
The past decade has seen the rapid development of 
the international marketplace in many ways. The 
inability of Marks and Spencer to adapt to these new 
developments, has been the main reason for their 
continuous struggle.  
In order to recover their brand loyalty on the 
Chinese market, I would recommend that they try to 
capture the diversity of the wealthy Chinese 
consumers. Young Chinese have high purchasing 
power. Chinese youth has shifted to prioritizing 
luxury products and living a more balanced, healthy 
and family-centric life (McKinsey&Company, 
2018). The changing shape of Chinese consumption 
and their spending powers are decisive in 
determining the companies that win or lose on 
Chinese mainland. The middle-class and affluent 
consumer households will continue to expand and is 
expected to reach 140 million in 2020 
(Deloitte,2012). Providing a wider product offerings 
range as well as following the fast-seasonal pace of 
the fashion. 
Connecting with customers through social 
networking: 75% of potential consumers are living 
outside the top 15 cities in China. 
(McKinsey&Company, 2016) Staying in touch with 
their customers virtually will help the company 
better understand the needs and wants of customers 
as well as increase their shopping experience by 
offering online shopping and shipping to many big 

85



and smaller cities in China, as the population is 
highly dispersed across the country. 
Further, I would recommend that the company 
should choose to localize with a partner. This will 
help the company to know the market directly which 
will help the company to optimize their expertise, as 
well as gain insight of the local authorities, business 
practices, retail market regulations, consumer laws, 
understand cultural differences etc. (Global times, 
2014)  
The final recommendation would be that beside 
using TMall.com and JD.com for selling their 
clothes, Marks and Spencer should offer online 
shopping and shipping directly from their website. 
 
8. CONCLUSIONS 
 
This paper has discussed the reasons for the failure 
of Marks and Spencer in China. Using a critical 
analysis and assessment of the reasons behind the 
unsuccessful exit from this market. 
Taken together, the results indicate that prior to 
entering a foreign market, and especially a market as 
unique and complex as China, companies should 
conduct a thorough analysis of the environment in 
terms of social, technological, political, legal and 
environmental opportunities and risks. 
Additionally, a study regarding the consumer 
segmentation and proper targeting will help 
companies to deliver a clear positioning. Perhaps, 
the most important consideration of all, is that 
companies learn how communicate their core value 
well with the consumers whether they are from the 
domestic or international marketplace. 
Assumed the growth of the Chinese market both 
economically and demographically, there is still a 
chance for Marks and Spencer to achieve success 
and win over market share, however this would 
require essential changes in their organizational 
structure and overall strategy.  
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Abstract: This paper is a part of ongoing research 
on ergonomic characteristics, specifically 
anthropometric measurements, for passenger car 
drivers and crane operators, in order to achieve 
better working conditions and improve safety. It 
represents one of the rare explorations containing 
the Libyan male drivers and crane operators data, 
and accordingly it is one of the first serious 
researches on Libyan population. In this paper 
anthropometric measurements and weight data have 
been compared between different occupations in 
Libya - male drivers and crane operators. Statistical 
analysis on 300 male drivers and 50 crane operators 
collected data are resulting with conclusion that 
male drivers have slightly higher value of weight, 
are taller, and have higher sitting height as well as 
upper leg length values, while crane operators have 
slightly wider shoulders and hips. Both groups have 
the same arm and foot lengths. 
 
Key Words: Libyan male drivers, Libyan crane 
operators, anthropometric measurements, weight, 
comparison 
 
1. INTRODUCTION 

Ergonomic adaptation results in better users` 
accommodation and their better performances when 
executing certain tasks. Therefore, anthropometric 
measurements, together with ergonomic principles 
are essential and required to achieve effective 
ergonomic adoption of the workplace. 

Anthropometric measurements for Libyan 
population, up to date is till today rarely considered 
[1], [2], [3] and it is concentrated only on drivers [4]. 
In most cases crane operators are considered only 
from economic aspect, as side part of the other 
research [5], or from aspects of migration and wider 
research on workforce in Asian region [6].  

This paper presents one of the first seriously 
conducted researches concerning Libyan male 
passenger car drivers and crane operators, 
comparing their anthropometric characteristics and 

statistically testing their similarities and differences, 
together with our surveys given in [4], [7].  

One of the purposes of the research is to 
emphases significance of the anthropometric 
measurements examination for crane operators in 
order to enable initial framework for design of the 
safe and comfortable work space [7], [8], which is 
one of the major problems since they remain in the 
cabins all work day - 6 to 8 hours [9], [10], [11]. 
Also work in crane cabin, especially in extreme 
climate conditions is difficult, while cabin and seat 
design is comfortable only for 18.5% operators [8]. 
Those data still should to be confirmed for Libyan 
crane operators [7]. Also, passenger vehicle interior 
if ergonomically adapted enhances traffic safety. In 
previous research [12] difference has been found in 
preferred driving posture between two different 
nationalities - Koreans and Caucasian. Such 
differences justify the need for continual evaluation 
of interior vehicle space design and modeling.  
 
2. DATA ANALYSIS 

In order to compare anthropometric 
measurements characteristics of the Libyan male 
drivers and crane operators data for samples of 300 
male drivers and 50 crane operators were randomly 
gathered. All crane operators are male, thus the 
comparison. Anthropometric measures include 
standing height - STH¸ sitting height - SIH, lower leg 
length - LLL, upper leg length - ULL, shoulder width 
SHW, hip breadth - HIB, arm length - ARL and foot 
length - FOL. Also weight - WEI of all subject were 
measured.  For those data basic statistic and their 
comparison for subjected groups were conducted 
and shown is this paper.  

Statistical data analysis includes: 
 Descriptive statistic and 
 Hypothesis testing of difference between 

anthropometric measurements. 
 
2.1. Descriptive statistics for variables measured 
for Libyan male drivers and crane operators 
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In the first step of the research, descriptive 
statistics were conducted. It includes number of 
subjects, mean, median, standard deviation, 
coefficient of variation, Kolmogorov test for 
normality significance for normal distribution and 

type of variable of measurement subjects and their 
anthropometric measurements. Calculated data for 
Libyan male drivers are presented at Tab. 1, while 
for crane operators data are shown at Tab. 2. 

 
 
 

Table 1. Descriptive statistics for Libyan male drivers 
Dimension N Mean Me SD cv(%) D p SIG. VT 
WEI LMD 300 82.910 83.000 14.149 17.07 0.1907 1 n.s. parameter 
STH LMD 300 1749.517 1750.000 63.104 3.61 0.1871 1 n.s. parameter 
SIH LMD 300 855.483 860.000 43.493 5.08 0.1919 1 n.s. parameter 
LLL LMD 300 543.050 540.000 34.425 6.34 0.1516 1 n.s. parameter 
ULL LMD 300 582.767 580.000 37.166 6.38 0.2407 1 n.s. parameter 
SHW LMD 300 471.350 470.000 45.440 9.64 0.1661 1 n.s. parameter 
HIB LMD 300 365.620 360.000 59.192 16.19 0.2018 1 n.s. parameter 
ARL LMD 300 633.053 610.000 72.291 11.42 0.2220 1 n.s. parameter 
FOL LMD 300 275.833 275.000 9.115 3.30 0.2126 1 n.s. parameter 

 
Table 2 Descriptive statistics for Libyan crane operators 

Dimension N Mean Me SD cv(%) D p SIG. VT 
WEI LCO 50 78.70 80 10.428 13.25 0.2799 1 n.s. parameter 
STH LCO 50 1701.40 1700 58.554 3.44 0.3050 1 n.s. parameter 
SIH LCO 50 829.40 840 47.827 5.77 0.1812 1 n.s. parameter 
LLL LCO 50 534.60 530 36.545 6.84 0.2222 1 n.s. parameter 
ULL LCO 50 559.00 560 32.779 5.86 0.1908 1 n.s. parameter 
SHW LCO 50 489.00 470 53.918 11.03 0.1590 1 n.s. parameter 
HIB LCO 50 382.00 370 49.652 13.00 0.2375 1 n.s. parameter 
ARL LCO 50 642.40 650 82.054 12.77 0.1565 1 n.s. parameter 
FOL LCO 50 273.70 270 9.248 3.38 0.1901 1 n.s. parameter 

 

First criteria for determination of type of data is 
coefficient of variation, that shows that data for all 
groups (Tab. 1 and Tab. 2 are homogeneous. Further 
more differences between mean and median are 
small, which indicate that distribution of data is 
symmetrical. In next step Kolmogorov test for 
normality were conducted. Results of this test show 
that all data for all measurements are normally 
distributed, meaning that variables are parametric, 
thus adequate statistic comparisons could be 
conducted. 
 

2.2. Comparisons of anthropometric measurements 
between Libyan male drivers and crane operators 

From descriptive statistics, based on conclusion 
that all variables are parameters type, further 
decision on comparisons were drawn, i.e. it enables 
use of z test for comparisons for difference of means 
Conclusions from this comparisons are based on the 
following criteria, with adequate annotations [13]: 

If p>0.05 no significant difference (n.s.) 
If p<0.05 low difference (>) 
If p<0.01 strong difference (>>)  
If p <0.001 absolute difference (>>>) 

 
Table 3. Comparisons of anthropometric measurements between Libyan male drivers and crane operators 

z p-value significance 
WEI LMD > WEI LCO 2.497 0.0125 <0.05 

STH LMD >>> STH LCO 5.319 0 <0.001 
SIH LMD >>> SIH LCO 3.615 0.0003 <0.001 
LLL LMD = LLL LCO 1.526 0.127 n.s. 

ULL LMD >>> ULL LCO 4.653 0 <0.001 
SHW LMD < SHW LCO -2.189 0.0286 <0.05
HIB LMD < HIB LCO -2.097 0.0359 <0.05 
ARL LMD = ARL LCO -0.758 0.4485 n.s. 
FOL LMD = FOL LCO 1.513 0.1303 n.s. 

 
Detailed comparisons were further presented at 

Fig. 1-4. 
Fig. 1 presents difference in weight between 

measured groups, since it has different units than 
anthropometric measurements. Although test shows 

(Tab. 3) that there is slight statistical difference, 
graph results show that Libyan male drivers are 
5.53%  heavier than crane operators.  

 

89



 
Figure 1. Differences in WEI between Libyan male 
drivers and crane operators 
 

 
Figure 2. Anthropometric measurements with same 
values for Libyan male drivers and crane operators 
 

Fig. 2, as well as tests from Tab. 3 shows that 
there no statistically significant differences between 
lower leg lengths, arm lengths an foot lengths 
between Libyan male drivers and crane operators. 
Differences in mean values vary between 0.78% and 
1.53%. 
 

 
Figure 3. Anthropometric measurements which are 
larger for Libyan crane operators than male drivers 
 

Tab. 3 and Fig. 3 shows that there exists small 
statistical difference between shoulder width and hip 
breadth in favor of crane operators, where difference 
of means for shoulder width is 3.61% larger for 
crane operators, while hip breadth is 4.29% larger 
for crane operators then for male drivers. 
 

 
Figure 4. Anthropometric measurements for 
Libyans, where male drivers have larger values then 
crane operators 
 

The rest of the anthropometric measurements are 
statistically absolutely larger for male drivers 
comparing to crane operators (Tab. 3, Fig. 4). 
Standing height is 2.83% larger, sitting height is 
3.14% higher, while upper leg length is 4.25% 
longer for Libyan male drivers than for crane 
operators. 
 
3. CONCLUSIONS 

Comparison between Libyan male passenger car 
drivers and crane operators leads to the following 
conclusions: 

 drivers are slightly heavier then crane 
operators; 

 drivers have significantly heigher standing 
and sitting sitting hight, as well as upper leg 
length than crane operators; 

 shoulder width and hip breath are slighter 
smaller for male drivers and 

 drivers and crane operators have the same 
arm length and foot length (there are no 
statistically significant differences). 

 
This paper is only one of the first steps in studies 

on anthropometric measurements for insufficiently 
examined data for Libyan drivers and crane 
operators. Those presented data should be further 
research on larger sample. 
  
4. NOMENCLATURE 
Abbreviation Definition unit 
WEI Weight kg 
STH standing height mm 
SIH sitting height mm 
LLL lower leg length mm 
ULL upper leg length mm 
SHW shoulder width mm 
HIB hip breadth mm 
ARL arm length mm 
LMD Libyan male drivers 
LCO Libyan crane operators 
N sample size 
Med. Median 
SD standard deviation 
D Kolmogorov statistics 
p p-value 
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SIG. Significance 
n.s. not significant 
VT variable type 
z z test for difference of means 
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groups and their comparison using hypothesis 
testing.  
 
2.1. Descriptive statistics 

First step includes basic descriptive statistics 
such are number of subjects, mean, median, standard 
deviation and coefficient of variation for Serbian 
male drivers (Tab. 1) and Serbian crane operators 
(Tab. 2). 

 
 
 
Table 1. Descriptive statistics for Serbian male drivers 

Dimension N Mean Med. SD cv(%) D p SIG. VT 
WEI 921 86.617 86 11.693 13.70 0.1498 1 n.s. parameter 
STH 921 1811.26 1800 74.657 3.86 0.1668 1 n.s. parameter 
SIH 921 917.218 920 47.064 6.25 0.1551 1 n.s. parameter 
LLL 921 593.613 600 35.754 6.84 0.1615 1 n.s. parameter 
ULL 921 636.228 635 45.544 5.88 0.204 1 n.s. parameter 
SHW 921 471.356 470 46.728 10.14 0.1535 1 n.s. parameter 
HIB 921 391.097 390 43.749 14.61 0.2434 1 n.s. parameter 
ARL 921 706.488 700 46.213 7.22 0.1882 1 n.s. parameter 
FOL 921 281.612 275 12.577 4.21 0.1765 1 n.s. parameter 

 
Table 2. Descriptive statistics for Serbian crane operators 

Dimension N Mean Me SD cv(%) D p Significance VT 

WEI 83 84.916 82 11.636 13.70 0.2862 1 n.s. parameter 

STH 83 1768.193 1765 68.210 3.86 0.2694 1 n.s. parameter 

SIH 83 907.313 910 56.749 6.25 0.2134 1 n.s. parameter 

LLL 83 587.169 585 40.176 6.84 0.2441 1 n.s. parameter 

ULL 83 618.229 615 36.350 5.88 0.1894 1 n.s. parameter 

SHW 83 478.349 480 48.520 10.14 0.2718 1 n.s. parameter 

HIB 83 401.313 395 58.629 14.61 0.2785 1 n.s. parameter 

ARL 83 704.554 700 50.892 7.22 0.1843 1 n.s. parameter 

FOL 83 297.422 296 12.524 4.21 0.3668 1 n.s. parameter 

 
 
According to descriptive statistics for all 

measurements, it can be seen that values of mean are 
near values of median, indicating symmetrical 
distributions. Also coefficients of variation are small 
(<30%) - therefore data are homogeneous. This 
enables conduction of Kolmogorov tests for 
normality which proved that variables are 
parametric. 
 
 
 

2.2. Comparisons of anthropometric measurements 
between Serbian male drivers and crane operators 

Results of Kolmogorov test for normality, i.e. 
parametric variables enable conduction of z tests for 
difference of means (Tab. 3). Annotations for 
significance levels are [26]: 

for p>0.05 no significant difference (n.s.) 
for p<0.05 low difference (>) 
for  p<0.01 strong difference (>>)  

 for p <0.001 absolute difference (>>>) 
 

Table 3. Comparisons of anthropometric measurements between Serbian male drivers and crane operators 
z p-value Significance 

WEI SMD = WEI SCO 1.275 0.202 n.s. 
STH SMD >>> STH SCO 5.465 0 <0.001 
SIH SMD = SIH SCO 1.543 0.1228 n.s. 
LLL SMD = LLL SCO 1.412 0.1589 n.s. 
ULL SMD >>> ULL SCO 4.222 0 <0.001
SHW SMD = SHW SCO -1.261 0.2072 n.s. 
HIB SMD = HIB SCO -1.549 0.1214 n.s. 
ARL SMD = ARL SCO 0.334 0.738 n.s. 
FOL SMD <<< FOL SCO -11.011 0 <0.001 

 

93



Visual comparisons and their relations are 
presented at Fig. 1-4. 

 
Figure 1. Differences in weight between Serbian 
male drivers and crane operators 
 

  
Figure 2. Anthropometric measurements with same 
values for Serbian male drivers and crane operators 
 

Fig. 1 and 2 present measurements which are the 
same for Serbian male drivers and crane operators 
(Tab. 3). They shows that weight, sitting height, 
lower leg length, shoulder width, hip breadth and 
arm length have statistically same values with 
difference ranking from 0.29% for arm length to 
2.54% for hip breath.  
 

   
Figure 3. Anthropometric measurements for foot 
length where Serbian crane operators have larger 
values than male drivers 
 

Only measure larger for Serbian crane operators 
then for drivers is the foot length, and it is 
statistically highly larger (Tab. 3, Fig. 3), with 
5.32%. 
 

   
Figure 4. Anthropometric measurements for Serbians, 
where male drivers have larger values then crane 
operators 
 

Two measures that are absolutely statistically 
higher for Serbian male drivers than for crane 
operators are standing height and upper leg length 
(Tab. 2, Fig. 4), with 2.44 and 2.91% respectfully.  
 
3. CONCLUSIONS 

From comparison between anthropometric 
measurements between Serbian male drivers and 
crane operators the following conclusions can be 
drawn: 

 there no differences between weights, 
sitting heights, lower leg lengths, shoulders 
width, hip breadths and arm lengths 
between analyzed populations; 

 standing height and upper leg length are 
significantly larger for passenger car 
drivers then for crane operators and 

 foot length is significantly larger for crane 
operators then for passenger car drivers. 

This paper is a part of several ongoing 
investigations on anthropometric measurements in 
Serbian population including passenger car drivers 
and crane operators with aim to improve design of 
vehicle and crane cabin interior. 
 
4. NOMENCLATURE 
Abbreviation Definition unit 
WEI Weight kg 
STH standing height mm 
SIH sitting height mm 
LLL lower leg length mm 
ULL upper leg length mm 
SHW shoulder width mm 
HIB hip breadth mm 
ARL arm length mm 
SMD Serbian male drivers 
SCO Serbian crane operators 
N sample size 
Med. Median 
SD standard deviation 
D Kolmogorov statistics 
p p-value 
SIG. Significance 
n.s. not significant 
VT variable type 
z z test for difference of means 
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aspects of interior design, in order to further reduce 
the percentage of injuries of passengers in city 
buses. 
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Based on the presented results of the financial 
analysis of the project, we can conclude that, 
according to the used criterion for the evaluation of 
investment justification, the project is only 
acceptable in the case of the last feasibility study 
from 2018. The Project’s net present value is 
positive. The discounted value of the net profit at the 
rate of 10% is EUR 125,040,849. Apart from the 
positive net present value, the Project also achieves a 
positive rate of return of 19.68. The payback period 
is 3.6 years, which is acceptable for this type of 
project. According to the results of the financial 
analyses of the feasibility studies from 1995 and 
2004, the Project is not acceptable (the net present 
value is negative and the rate of return is lower than 
10%). 
In addition to investment costs, two types of costs 
determine the results of the presented financial 
analysis. These are the costs of thermal energy at the 
threshold of the Belgrade power plant, which 
depend on the quantity and the price of unproduced 
electricity and  lower fuel (natural gas) costs, which 
represent the benefit of the project according to the 
applied methodology. The amount of electric power 
which would be lost as a consequence of the heat 
power production, as well as the substituted amount 
of fuel, are calculated from clear energy budgets that 
are roughly the same in all three feasibility studies. 
Considering that the prices are generally the most 
uncertain part of all projections, we can conclude 
that only the unit prices of the natural gas and 
electricity can be the topic of a more serious 
discussion. In the next section, we will present the 
sensitivity analysis of profitability indicators to price 
changes. 
 
4. SENSITIVITY ANALYSIS 
The results of the financial analysis which have been 
presented in the previous section refer to the most 
likely input values. However, during the 
implementation of the project, there can be a 
deviation from the projected sizes in both directions. 
The value of investment, electricity price and the 
natural gas price are the parameters that can be 
changed during the implementation of the project. 
The change in the values of these parameters 
certainly affects the values of relevant parameters 
for the evaluation of project justification. 

If a parameter of the project is not well predicted, 
then the real profitability of the project will be 
different. In the case of the district heating project in 
Belgrade area, the three parameters that may have a 
significant effect on the results of the financial 
analyses include: 

 the investment costs of the project; 

 the price of electricity through which the 
price of the delivered heat energy is 
valorised; 

 the price of fuel (natural gas) that is 
substituted. 

The profitability of the project will increase if the 
volume of investment is overestimated and if there is 
a decrease in the price of electricity and an increase 
in the price of natural gas. On the other hand, the 
profitability of the project will decrease if the 
volume of investment is underestimated and if there 
is an increase in the price of electricity and a 
decrease in the price of natural gas. From the above, 
we can conclude that the effects of the change in the 
price of electricity on the profitability of the project 
are contrary to the effects of the change in the price 
of natural gas. Therefore, we carried out the 
sensitivity analysis in order to test the impact of 
possible errors in the projection of the key project 
parameters on the results of the financial analysis. 
Sensitivity analysis was performed by changing one 
of three key input parameters (the volume of 
investment, the electricity price and the price of 
natural gas) in the range ±10%, while keeping other 
input parameters constant. This analysis does not 
include simultaneous changes of input parameters.  
Sensitivity analysis in three different feasibility 
studies (1995, 2004, 2018) of the district heating 
project shows that the Project’s most critical 
parameter is the price of natural gas. The switching 
value indicates a percentage change of the value of 
the key input parameter of the Project which 
equalizes the financial net present value of the 
investment to zero and the financial rate of return on 
the investment to the discount rate of 10% [4].  
In the last two feasibility studies (2004 and 2018), 
the price of electricity has remained the same       
(0.045 EUR/kWh), while the price of natural gas has 
risen (from 0.130 EUR/m3 in the 2004 study to 
0.330 EUR/m3 in the 2018 study). Table 2 shows the 
results of the sensitivity analysis. 
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project for any of the three feasibility studies. In the 
case of variations in the price of fuel which is 
substituted – the natural gas and the price of 
electricity – significant sensitivity was observed, but 
in the opposite direction. An increase in the price of 
natural gas improves the results of the analysis, and 
the increase in the price of electricity makes them 
worse. 
The financial profitability of the project depends 
exclusively on the price of the natural gas and on the 
price of electricity. The problem is that these prices 
are unpredictable in the long term. If we look at the 
last two feasibility studies (2004 and 2018), the 
relative ratio ranged from 1:3 to 1:7 in favour of the 
natural gas. The result of the sensitivity analysis 
shows that, besides the slightly different technical 
and economic parameters used in the study of 2018, 
with the prices of gas and electricity from the 2004 
study the project would not be financially 
acceptable. We can conclude that at the current 
prices of gas and electricity and under the 
assumption that the relative trends of these prices 
would continue, the district heating project in 
Belgrade area is financially acceptable. 
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employment has a positive effect on economic 
growth. 
However, there is a gap in the empirical studies 
which analyse the link between entrepreneurship and 
economic growth by using rural areas as a 
geographic unit of observation. A small number of 
empirical studies examined the role of the concept of 
entrepreneurship in rural economic growth and 
analysed the factors that stimulate entrepreneurial 
activity in rural areas [8, 10, 11, 12, 17]. One of the 
reasons for this gap is the lack of appropriate data.  
Generating and promoting new company formation 
at the local level can have a considerable positive 
effect on employment. In the developed economies, 
human and entrepreneurship capital are strongly 
associated with economic growth, especially in rural 
areas with high outdoor amenities. According to 
[11], outdoors amenities as the quality of life 
indicators, human capital (measured as a share of the 
workforce employed in the creative occupations) 
and entrepreneurial context had a synergistic effect 
on the US rural county growth (growth in the 
number of new establishments and employment) in 
the 1990s.  
If a rural area with attractive outdoor amenities has a 
high level of human capital (high level of college 
graduates and/or high level of employment in 
creative occupations), then it should have more 
entrepreneurship capital. Entrepreneurship capital 
can be defined as specific type of the social capital 
which refers to the ability of a society to generate 
new enterprises due to creative and highly educated 
individuals who are able to:  

 recognize a potential market opportunity, 
 provide the necessary resources, and  
 in a short time period, transform the new 

ideas into products and services for which 
there is a market demand. 

The results of an empirical analysis, based on panel 
data for 24 rural areas in Serbia from 2009 to 2013, 
suggest that human capital, employment growth and 
growth of young population have a significant 
positive effect on the growth of entrepreneurial 
activity [10]. Furthermore, the growth of 
entrepreneurial activity in rural areas can be 
explained by the high level of unemployment. 
Entrepreneurship is recognized as an important 
instrument for reducing local unemployment. When 
workers are unemployed they might be more likely 
to start their own businesses [1]. 
 
3. ENDOGENOUS GROWTH MODEL WITH 
ENTREPRENEURSHIP 
According to the endogenous growth models, three 
factors are the most important for improving 
economic performance: 

1. Investments in research and development, 
2. Human capital  and 
3. Entrepreneurship capital.  

The first generation of endogenous growth models 
links technology with human capital and economic 
growth. Knowledge externalities and the creation of 
clusters of talented and creative individuals have a 
strong impact on economic growth. The second 
generation of endogenous growth models 
highlighted that investments in research and 
development contribute to economic growth by 
creating new knowledge and innovations.  

 

 
Figure 1. Entrepreneurship in endogenous growth 
models 
 
The disadvantage of the first and second generation 
of the endogenous growth models is that they have 
not provided a precise explanation as to how new 
knowledge is converted into economic knowledge. 
The third endogenous growth models identified 
entrepreneurship (start-up and growth of new 
enterprises) as a spillover mechanism which reduces 
the filter between knowledge and economic 
knowledge, and which has direct effect on economic 
growth. Knowledge capital (investments in R&D 
and human capital) has an indirect effect on 
economic performance through entrepreneurship 
(Figure 1). The knowledge-based entrepreneurial 
activity facilities knowledge spillovers, and is 
therefore conductive to regional economic 
performance [4]. Entrepreneurship is tends to be 
higher in the local economy that poses a high share 
of human capital in the work force.  
On the national and regional level, a high rate of 
economic growth depends on the resources for the 
creation of new knowledge (investments in research 
and development) and on the development of 
entrepreneurial culture (an orientation of the 
working population towards entrepreneurship and 
the existence of local educational and financial 
institutions that will support entrepreneurial 
initiatives). In a knowledge-based economy, 
entrepreneurship becomes an increasingly important 
factor in shaping economic growth. 
In rural areas, outdoor amenities are identified as an 
attractor of the “entrepreneurship human capital” 
(knowledge and skills).  Outdoor amenities refer to 
two types of amenities: natural amenities (which 
include the physical rural environment: climate, 
topography, forest land and water areas) and build 
amenities (comprising the development of 
infrastructure for various recreational activities in 
rural areas) [9]. In the developed economies, rural 
areas most attractive to highly educated or/and 
creative individuals are the areas with high outdoor 
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amenities. According to empirical results [12, 18] 
entrepreneurial activity in these areas is higher than 
in rural areas with lower outdoor amenities due to 
significant human capital. 
 
4. MEASURING THE ENTREPRENEURIAL 
ACTIVITY IN RURAL AREAS IN SERBIA 
In the literature, there is no generally accepted 
method of measuring entrepreneurship for the 
purpose of testing the hypotheses about the positive 
link between changes in entrepreneurship and 
changes in economic growth. The used measure of 
entrepreneurship usually depends on the available 
data. Since rural areas are not homogeneous with 
respect to their size, many empirical studies, in order 
to compare entrepreneurial activity between 
different geographical units of observations, 
standardize the number of entrepreneurs.  

In empirical research two alternative approaches are 
used most frequently for developing a proxy 
measure for entrepreneurial activity: 

 The first approach standardizes the number 
of entrepreneurs through the number of 
existing enterprises. 

 The second approach standardizes the 
number of entrepreneurs through total 
employment.  

The latter approach, the “labour approach”, is often 
interpreted as the propensity of a member of the 
regional workforce to start his/her own business [5]. 
The analyses of entrepreneurial activity presented in 
this section are based on the 2009-2016 data [13, 14, 
15, 16] for 24 rural areas in Serbia (6 significant rural 
or intermediate and 18 predominantly rural areas). 

 
Table 1. Measuring entrepreneurial activity in rural areas in Serbia 

 
Rural area 

Outdoor  
amenity  

index 

Level Growth (%) Area share 

2009 2016 2016-09 2009 2016 

Zlatibor 8.201 0.167 0.152 -9.328 0.062 0.059 
Raska 7.486 0.141 0.157 11.064 0.054 0.057 
Moravica 3.773 0.162 0.155 -4.109 0.047 0.050 
Pcinja 2.575 0.113 0.134 18.677 0.027 0.030 
Bor 2.512 0.111 0.106 -4.178 0.018 0.017 
Rasina 1.288 0.166 0.154 -7.642 0.045 0.047 
Branicevo 1.201 0.138 0.131 -5.321 0.031 0.031 
Macva 1.114 0.165 0.142 -14.045 0.054 0.053 
Nisava 0.946 0.107 0.116 8.017 0.057 0.063 
Kolubara 0.663 0.146 0.161 10.502 0.037 0.040 
Pirot 0.389 0.089 0.103 15.830 0.013 0.012 
Jablanica 0.239 0.141 0.149 5.546 0.028 0.035 
Toplica -0.095 0.143 0.115 -19.114 0.013 0.012 
Zajecar -0.135 0.121 0.119 -1.887 0.018 0.016 
Sumadija -0.317 0.160 0.128 -19.829 0.058 0.054 
South Backa -1.086 0.107 0.124 16.504 0.127 0.138 
Pomoravlje -1.473 0.122 0.142 16.155 0.040 0.038 
Srem -2.945 0.167 0.130 -22.190 0.061 0.058 
South Banat -2.966 0.167 0.158 -5.395 0.064 0.056 
Central Banat -3.724 0.121 0.110 -9.001 0.028 0.027 
North Backa -3.910 0.101 0.085 -15.528 0.031 0.026 
Podunavlje -3.914 0.135 0.135 -0.554 0.033 0.031 
West Backa -4.035 0.137 0.128 -7.022 0.033 0.029 
North Banat -5.788 0.100 0.096 -4.230 0.020 0.019 
Average 0.000 0.134 0.130    
Total number of 
entrepreneurs 

     
170,134 176,740 

 

In Table 1, all rural areas are ranked according to the 
developed index of outdoor amenities for rural areas 
in Serbia [10]. Rural areas with the lowest rates of 
entrepreneurship (below 11%) in 2009 and 2016 are 
North Backa, North Banat and Pirot. In six areas 
entrepreneurship rate is higher than 15% (Kolubara, 
South Banat, Raska, Moravica, Rasina and Zlatibor). 

Zlatibor, Raska and Moravica are also the rural areas 
with high outdoor amenities (the outdoor amenity 
index for these rural areas is higher than 2). South 
Backa is a rural area with the highest number of 
entrepreneurs. Nearly 13.8% of the total 176,740 
entrepreneurs in the 24 rural areas in 2016 come 
from this area. The areas which are characterized by 
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a growth of entrepreneurial activity in the period 
from 2009 through 2016 are:  Pcinja, South Backa, 
Pomoravlje, Pirot, Raska, Kolubara, Nisava and 
Jablanica. There are 16 areas suffering a decline in 
entrepreneurial activity during the observed period.  
On the example of 24 rural areas in Serbia we 
cannot confirm the hypothesis that entrepreneurial 
activity in the rural areas with high outdoor 
amenities is higher than in the rural areas with low 
outdoor amenities. The Raska area is the only one of 
six rural areas with high outdoor amenities in Serbia 
that has the above average level and growth of 
entrepreneurial activity during the observed period.  
The concept of rural entrepreneurship is relevant for 
the economic growth of rural areas with high 
outdoor amenities. The concept involves an intimate 
relation between entrepreneurial activity and rural 
environment (unique factors that a certain rural area 
possesses as necessary inputs for entrepreneurial 
activity: natural, historical, cultural, human, social, 
etc.). The concept of rural entrepreneurship refers to 
the combination of locally specific resources in 
order to create added value not only for 
entrepreneurs, but also for rural economy. 
 
5. CONCLUSIONS 
The creation of new knowledge through increasing 
investments in research and development and the 
growth of human capital are two necessary, but not 
sufficient factors for generating local economic 
growth.  On the national and regional level, a high 
rate of economic growth depends on the resources 
for the creation of new knowledge, human capital 
and on the development of entrepreneurial culture. 
In order to measure entrepreneurial activity across 
rural areas in Serbia, we calculate “the rate of 
entrepreneurship” by using the labour approach (the 
number of entrepreneurs divided by the total number 
of employees). The Raska area is the only one of six 
rural areas with high outdoor amenities in Serbia 
that has the above-average level and growth of 
entrepreneurial activity. 
Bearing in mind the afore-said, the main focus of 
rural development strategies should be on attractive 
outdoor amenities and entrepreneurships as the 
preconditions for sustainable rural development of 
Serbia. The results presented in this paper can serve 
as a useful basis for future research on the link 
between entrepreneurship and rural economic 
growth.   
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Abstract: Paper considers case studies of parts of 
optical fiber hub produced by plastic injection molding 
process. This is process is in detail described in 
previous research [1], [2], [3], [4]. Unlike in the 
previous research this paper are centered on the 
mistakes in experimental assumptions and settings. 
Those mistakes had consequences on experimental 
results and furthermore to conclusions that can be 
obtained from experiments regarding their quantity and 
quality. Thus, it is shown that simulation results are 
unreliable comparing with real experimental results, in 
cases when technology used in production is outdated, 
but it is still in use. Second considered problem is the 
factors that influence of parts with produced from 
different materials and with dimensions. It was noticed 
and presented that the same initial experimental 
conditions, regarding chosen factors and their levels do 
not produce the same outcomes. 
 
Key words: Taguchi's experiment, plastic injection 
molding, simulation and real experiment, housing, lid, 
geometric deformations 
 
1 INTRODUCTION 

Process of plastic injection molding is categorized as 
one of most economical and widespread processes in 
industry of polymer plastic, since there is great increase 
in its use in modern products [5], [6].   

In process of injection molding of plastic, main 
problem for quality of finished products are occurrence 
of geometric deformations during the production, such 
are warpage and rarely shrinkage. In order to eliminate 
those problems great number of research were 
conducted during the years. In their research most 
authors mostly apply simulation methods or other 
numerical methods (computing, fuzzy logic, response 
surface methodology etc.) using computer packages 
such are MoldFlow Plastic Insight, Moldex 3D, 
PRO/Engineer, C-Mold [7], [8], [9], [10], [11], [12]. 
Some authors use experiments conducted in laboratory 
conditions or from manufacturer databases [13], [14]. 
Experiments conducted in real productions are sparsely 
used [1], [9], [13], [15]. 

Therefore analyzed case studies are related to 
examination of potentially influential factors on 
geometric deformations (warpage and shrinkage) which 
occurs during process of plastic injection molding [1], 
[2], [3], [4], [11], [16], [17].  
 
 
2 CASE STUDIES 

Two types Taguchi's experiments for production 
optical fiber hub were conducted in order to obtain 
geometrical deformations during the process of plastic 
injection molding for housing and lid. For both parts 
two types of experiments were conducted simulation 
with L8 orthogonal array (OA) on two levels and real 
experimentation with L27 OA, with three levels. Main 
factors for both types of experimentation and parts are 
the same. Also lowest and highest factor levels in L27 
OA are corresponding to L8 OA. This paper considers 
only main factor effects. Those factors are presented at 
Table 1. In further discussion factors are enumerated not 
by their abbreviations, but by alphabet, since their real 
physical influence is not the subject of this paper [1]. 
 
Table 1. Main factorial effects in experiments 

Factors unit 
A - Holding pressure (HP) [bar] 
B - Injection time (IT) [s] 
C - Cooling time (CT) [s] 
D - Injection temperature (TMP) [oC] 
E - Holding pressure time (HPT) [s] 

 
Allocation of main effects in simulation experiment 

are presented at Tab. 2, while for real experiment are 
shown at Tab. 3 [18]. 
 
Table 2. Main factorial allocation in OA for simulation 

factor A B C D E 
column 1 2 3 4 5 

 
Table 3. Main factorial allocation in OA for real 
experiment 

factor A B D E C 
column 1 2 4 8 11 
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For both parts geometrical deformations were 
measured in five places, i.e. points from injection point 
to the furthest. Those points are presented for housing at 
Fig. 1 and for lid at Fig. 2. 

Housing is constructed from Cycoloy PC/ABC 
Grade C2800, compound of polycarbonate and 
acrylonitrile-butadiene-syrane (PC/ABC) with weight 
26 g and dimensions  155x92x9 mm. Lid is constructed 
from Terluran, GP 35, ABS copolymer,  weighting 21 g, 
width dimensions 151x91x1.6 mm [19], [20]. There is 
17.53% difference in mass and 5.84% difference in 
dimensions in favor on housing. 
 

 
Figure 1. Measurement points for housing 

 

 
Figure 2. Measurement points for lid 

 
For simulation experiments parts were designed 

using I-Deas software, while simulation was conducted 
using MoldFlow Plastic Insight software package [21].  

Real experimentation was conducted in BMB 
Automatic manufacturing, Belgrade, Serbia where 
optical hub is the standard product. Both parts were 
manufactured using ‘Battenfeld BK-T 1300/500’ 
machine, while measurements of geometrical 
deformations is conducted on Zeiss Contura G2 700 
Aktiv coordinate measuring machine (according to ISO 
10360-2 recommendations) in ISO 9000 and ISO 17025 
certified laboratory [4] at 10 Mechanical Faculty Uni-
versity of Zenica. 
 
2. CASE STUDY 1 

Geometrical deformations for combination of factors 
with minimal geometric deformations in plastic injec-
tion molding process for simulation and real expe-
riments were compared. Comparisons was conducted 
for housing and lid. 

 
Figure 3. Geometric deformations in measurement 
points for housing, regarding simulation and real 
experimentation 
 

Comparisons of geometric deformation for housing 
shows that values for simulation are more predictable, 
and vary in smaller range from 0.03 to 0.39 mm, i.e. 
0.36 mm or 7.69%. In the case of real experiment, 
variations are from -0.022 mm to 1.494, i.e. 1.516 mm 
or 69.91%. It means that in furthest point, with maximal 
optimal geometric deformation difference between real 
experimental results and simulation are 1.10 mm. In 
other words real experiment produce 73.89% larger 
geometrical deformation than simulation.  

Furthermore it should be noticed that in simulation 
there is no shrinkage, only warpage, while in real 
experimentation both types of geometrical deformation 
exists. 

Fig. 4. represents geometrical deformation for lid, 
and it changes in measurement points for optimal maxi-
mum deformation in furthers point, regarding simula-
tion and real experimentation. 
 

 
Figure 4. Geometric deformations in measurement 
points for Lid, regarding simulation and real 
experimentation 
 

As in the case of housing, for lid geometric 
deformation shows that values for simulation vary in 
smaller range from 0.05 to 0.40 mm, i.e. 0.35 mm or 

113



12.50%. In the case of real experiment for lid, 
deformations vary even more than in case of housing 
from -0.131 mm to 1.636 mm, i.e. 1.767 mm up to 
92.59%. It means that in furthest point difference 
between real experimental results and simulation are 
1.316 mm, i.e. real experiment produce 80.44% larger 
geometrical deformation than simulation.  

Furthermore it should be noticed that in simulation 
either for housing, either for lid there is no shrinkage, 
only warpage, while in real experimentation both types 
of geometrical deformation exists in production of both 
parts. 
 
3. CASE STUDY 2 

Second case study on the same experiment involve 
only analysis of results for real experimentation. Look-
ing at significance levels (Tab. 4 for housing and Tab. 5, 
for lid), shows that major of influential factors are the 
similar at all measurement points for housing and for 
lid. Furthermore there is more influential factors in three 
points for lid then for housing, while the rest of points 
have the same number of influential factors. 
 
Table 4. Significance levels in measurement points for 
housing 
Housing P1 P 2 P 3 P 4 P 5

A <0.001 <0.001 <0.001 <0.001 <0.001
B <0.001 <0.001   <0.001
C  <0.05  <0.001 <0.05 
D      
E      <0.001
 
Table 5. Significance levels in measurement points for 
housing 
Lid P1 P 2 P 3 P 4 P 5

A <0.001 <0.01 <0.05 <0.001  
B  <0.001 <0.001  <0.001 <0.05 
C     <0.001 <0.001 
D   <0.001  <0.001 <0.05 
E   <0.05 <0.01  <0.05 
 

More detailed analysis that include contribution 
ratios presents completely different picture (Tab. 6 
housing, Tab. 7 lid). Contribution ratios for housing 
show that main influence have factor A with 
percentages that vary from 55.18% in one point, up to 
87.32%, with influence in the furthest point of 72.17% 
of all influences, including errors. Influence of other 
factors are significantly smaller from 0.63 up to 5.05%. 
 
Table 6. Contribution ratios(%) for influential factors in 
measurement points for housing 
Housing P1 P 2 P 3 P 4 P 5

A 84.62 87.32 55.18 69.25 72.17 
B 3.6 1.58   4.63 
C   0.68  5.05 1.7 
D       
E      2.74 
 

Table 7. Contribution ratios(%) for influential factors in 
measurement points for housing 
Lid P1 P 2 P 3 P 4 P 5 

A  11.74 7.16 6.30 7.30  
B  25.02 12.07  17.53 6.76 
C     9.79 16.05 
D   15.04  21.34 6.82 
E   5.22 10.38  5.18 
 

Contribution ratios for lid shows that factors, 
although have influence regarding significance level, in 
reality marginally have an effect on occurrence of 
geometric deformations due plastic injection molding 
process. Therefore there exist some other factors that 
are not identified and examined in experimentation that 
create geometric deformations in injection molding 
process. 
 
4. CONCLUSIONS 

During the comparison of results of geometric 
deformations for plastic injection molding, obtained by 
simulation and from real experimentation, leads to 
conclusion that for simulation outputs are far more 
uniformed and overall smaller then in real experimen-
tation. 

Differences in geometrical deformations from 
simulation in critical points are 76.25% smaller for 
house, and 80.44% smaller for lid, than in real 
experimentation. In real experimentation there exist bo-
th shrinkage and warpage in plastic injection molding, 
while in simulation exists only warpage.  

Comparison of influential factors on geometric 
deformations in plastic injection molding process in real 
experimental conditions, for two different parts of 
optical fiber hub - housing and lid shows that influential 
factors are similar regarding criteria of significance 
level.  

Further analysis of these experiments based on 
contribution ratios shows that for housing, dominant 
influential factor is A, while other factor contribute in 
far smaller level. For lid values of contribution ratios are 
small in one point just over 50% for all influential 
factors, while in the other measurement points is smaller 
than 50% (16.68-39.49%). It means that chosen factors 
or it levels are inadequate for lid, since most of 
variations are caused by random error or with factors 
that are not examined in experiment. 

Therefore, based on the presented case studies, it can 
be concluded that: 
 Simulation as an form of identification of influ-

ential factors for geometric deformations that 
generates in plastic injection molding processes can 
lead to false results, especially in cases when pro-
duction equipment is outdated. 

 Simulation shows only warpage as a geometric 
deformation, while in real experiment apart of war-
page exists also and shrinkage. 

 Factors and designs for different parts must be 
carefully considered, taking into account the mate-
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rials and dimensions of the parts being tested before 
conducting the experiments. 

 Use of contribution ratios rather than significance 
levels is recommended since it lead to more precise 
and useful results. 

Overall conclusion is that when designing expe-
riment all important factors and experiments had to be 
consider in order to obtain high quality and useful re-
sults. 
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Abstract: An important factor in the success of any 

web shop is ability to provide relevant search results 
to customers. Each web shop operator has its 
distinctive way of naming and grouping products into 
categories or site sections. Subtle variations in search 
queries, although easily recognized by humans, may 
present a significant obstacle for e-commerce search 
engine in order to provide relevant search results. Big 
data based recommendations heavily rely on 
mathematical approach, demand highly trained 
analysts and loose any real personalization in the 
process. In such scenarios approximate string 
matching technique, or better known as fuzzy search, 
may prove to be useful. Although under certain 
scenarios fuzzy search may produce wrong search 
results, simple corrections in the search logic are 
sufficient enough to overcome this problem. On the 
other hand, multiple string matching iterations bring 
flexibility to the process, simplifying results testing 
and verification during model building phase. 

Keywords: Approximate String Matching, Fuzzy 
Search, e-Commerce Search Engine, Search Results 
Optimization. 

 

1. INTRODUCTION 
One of the crucial aspects, and a great challenge 

of success of a e-Commerce business is ability to 
deliver relevant search results. Approximate String 
Matching (ASM), or more commonly Fuzzy String 
Matching (FSM) technique can be of a great help 
solving this problem. 

A single web shop may contain a variety of 
products, similarly named but otherwise unrelated. On 
the other hand, a product attribute which is almost 
impossible to standardize is its name. Besides sole 

name, it can also contain manufacturer's name, as well 
as other attributes such as size, color etc. Also, each 
web shop operator has its distinctive way of naming 
and grouping products into categories or web shop 
sections. Let's analyze for a moment a simple but 
plausible real life search query variants in a sports-
equipment web shop: 

 Backpack ► category name 

 Mammut ► manufacturer name 

 Mammut backpack ► product name or group 
of products 

 Mammut backpacks ► group of products 

Humans can easily recognize difference in listed 
variations, but this may prove to be a complex task for 
an e-commerce search engine.  

E-Commerce web portals mostly use 
lexicographic objects arrangements and searches (i.e. 
laptop, smart phone, external hard disk) or direct 
search strings [1]. Instead of allowing us to search 
with a description only, they measure the relevance of 
certain product attributes, and do it in an imprecise 
way. Synonyms can also cause a great deal of trouble, 
often showing completely unrelated items. 

Thus retailers are not comfortable with the current 
logic of Big Data based recommendations, because 
mathematical approach loose real personalization [2]. 

 

2. APPROXIMATE STRING MATCHING  
In such scenarios, ASM/FSM may prove to be 

quite handy, with multiple string matching iterations. 
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Each iteration has its own specific role which can be 
tested and verified during model building phase. 

FSM also matches strings based on distance 
calculating algorithms, categorized as [3]: 

 Edit-based distance - distance is the count of 
changes (replace, insert, delete, or characters 
transposition to make the two strings match. 
Frequently used algorithms are Hamming, 
generalized Levenshtein, Longest Common 
Substring, optimal string alignment, and 
generalized Damerau-Levenshtein. 

 q-grams based distance - count of q-character 
sized packets which are common between both 
the strings. Larger the count, better the match. 
Common algorithms are q-gram, Jaccard, and 
cosine. 

 Heuristic distance - user based application, 
with no specific mathematical base. 

This paper describes development of a custom e-
Commerce search engine using heuristic method 
approach for a small to middle sized general 
sportswear and equipment web shop in German 
language (11,000 products / 9,000 users), based on 
ClanCats framework and MySQL database. 

 

2. SEARCH ENGINE OPTIMIZATION 
ClanCats frameworf (CCF) is an open source, 

lightweight PHP framework released under MIT 
licence [4]. Although it possesses standard features 
that are implied in similar frameworks, such as 
extendability, scalability, theming, or multilanguage 
support [5], available documentation is scarce and 
mostly available in German language. 

Initial search engine used a combination of native 
MySQL LIKE and FULLTEXT search functions on 
table `articles` (Table 1). Search results produced in 
this manner were highly imprecise, causing disinterest 
with site visitors, and finally leading to reduced 
overall sales. 

Initial search testing 

A simple query consisting of two keywords 
'mammut rucksäcke' returned zero matches, which 
was not correct. Such query string was specified as 
significant by web shop owners, representing a 
popular, and thus important group of products. 

Table 1. Original DB Tables with potential to be used 
in web shop search engine 

Table Fulltext 
index 

Index 

articles name 
description 

sid 
group_sid 
sid_url 
status 
availability 
always_available 

categories / sid 
manufacturers / sid 
 
SELECT *, MATCH (name, description) AGAINST 
('mammut rucksäcke' IN BOOLEAN MODE ) AS 
relevance 
FROM `articles` 
HAVING relevance > 1 

Alternative approach with MySQL LIKE search 
function returned 330 results, most of them being 
imprecise or completely unrelated, Table 2 (i.e. hiking 
boots and wind jacket). 

SELECT * 
FROM `articles` 
WHERE  
 name LIKE '%mammut%'  
 OR name LIKE '%rucksäcke%' 
 OR description LIKE '%mammut%' 
 OR description LIKE '%rucksäcke%' 

Table 2. Query results sample 
Product name Product description 

Tatlow LTH Men 
graphite 

Leicht, unglaublich bequem, 
hochwertiges und edles Nubuk-
Leder mit Soft Shell-
Erg\u00e4nzungen. Die 
griffige, von Mammut 
entwickelte gripex Gecko-
Sohle... 

Segnas Jacket 
Men black 

Die Mammut Segnas ist eine 
technische Hardshelljacke... 

Fuzzy search 

A simple representation of a fuzzy search method 
would be iterative replacement of each letter in 
keyword with a wildcard and then performing a 
combined fulltext search. 

rucksäcke 

*ucksäcke 

r*cksäcke 

... 

rucksä*ke 

rucksäc*e 

rucksäck* 
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...MATCH (`name`) AGAINST ("m*mmot ma*mot ... 
mammo* r*cksäcke ... rucksäck* rucksäcke*" IN 
BOOLEAN MODE) AS rel... 

Fuzzy search method flaws 

In practice, a certain amount of caution is required 
when using fuzzy search, because it may produce 
completely unrelated results with high relevance 
(Figures 1, 2 and 3 and Table 3). 

 
Figure 1. Fulltext fuzzy search on manufacturers 
provides imprecise results: relevant manufacturer 
names have the same relevancy factor as unrelated 

manufacturers 
 

 
Figure 2. Fulltext fuzzy search on manufacturers 

provides unrelated results with high relevance 

 
Figure 3. Fuzzy search on categories, MySQL query 

 
Table 3. Search results with additional filtering 

Category name Relevance 
zubehör rucksäcke 8 
running zubehör 2 
mädchen 1 
reiseaccessoires 1 
regenjacken 1 
sport- und reisetaschen 1 
mäntel 1 
militär-/jagdschuhe 1 
jupes & röcke 1 

 
This may be corrected by additional search 

conditions. In given example, the problem was solved 
by adding a regex correction and two simple 
conditions into where clause (Figure 4). The outcome 
is a much smaller, but more precise result set. 

Search logic 

Obviously, search logic had to be remodeled in 
order to provide related search results. Besides 
article's name and description, it also must process 
information on products' category and manufacturer. 

Based on the information whether or not the query 
contains category or manufacturer name(s), script 
generates a SQL query with the following logic: 

 
Figure 4. Regex correction of categories fuzzy search 
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 Search for rucksäcke will return articles from 
specific category. 

 Search for mammut  will return articles from 
specific manufacturer(s). 

 Search for mammut rucksäcke will perform 
search for products from manufacturer 
(mammut) in category (rucksäcke) 

 Query mammut sinergija rucksäcke will 
initiate search for products from manufacturer 
mammut in category rucksäcke containing a 
keyword sinergija in products' name or 
description. 

 Query sinergija will search for products 
containing a keyword (sinergija) in name or 
description DB columns. 

 

Figure 5. Search results obtained for selected 
keywords and search method 

 
3. SEARCH RESULTS PRECISION CONTROL 

Native MySQL provides several built in functions 
to search tables' content. Performance and results 
precision was tested using different search methods: 

 LIKE/REGEX 

 FULLTEXT 

 FULLTEXT fuzzy search 

Search performance and results validation are 
based on 

 Number of articles found under the given 
search terms 

 List of categories and manufacturers found 
within the search term(s) 

 Query execution time 

Testing 

For search results testing purposes, a simple web 
application was built with the following features 
(Figure 5): 

 Search term or keywords 

 Check for availability (optional, checkbox) 

 Search method selector (radio button) 

Upon given input data, application tries to find 
related categories, manufacturers and list of products. 

Final result is filtered out in such a manner that 
only records found with regex, or records with 75% or 
higher relevance will be kept for further evaluation. 

Application outputs the following information: 

 Counter value and fulltext relevance 

 Product title and description 

 Manufacturer or brand name 

 Category name 

For suggested keywords search 'mammut 
rucksäcke', application provided similar results with 
minor variations with MySQL like and fulltext search 
functions. In both cases, one completely unrelated 
product failed to filter out. However, altered fuzzy 
search provided twice more products in search results 
without unrelated products, Table 4 and Figure 6. 

Table 4. Search results vs method 
Method Time Products Availa-

bility 
Manu

f. 
Cate-
gory 

Like 1.043 17* 0 
4 4 

0.936 1* 1 
FullText 0.100 17 0 

4 4 
0.066 1 1 

Fuzzy 0.091 35 0 
4 4 

0.065 4 1 
a. 1 unrelated product found in search results 
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Figure 6. Optimized search results for a selected 

keywords 
 
4. CONCLUSION 

Approximate String Matching (ASM), or more 
commonly Fuzzy String Matching (FSM) technique 
can be very useful in providing precise search results 
with mutually tightly related products. ASM/FSM 
model consisting of multiple string matching 
iterations is easy to test and modify so it can be easily 
adjusted for different use-case scenarios. 

In order to overcome the known flaws of 
ASM/FSM technique, additional SQL filtering 
consisting of only standard SQL string search 
functions was applied with satisfying results. If 
needed, search results post processing and additional 
filtering may be performed on server side, i.e. with 
PHP programming language. 

Demonstrated method of e-commerce search 
engine optimization is fast, technologically 
independent and can be reused on different web shop 
platforms. Initial results and results analytics can be 
quickly obtained, thus making it budget friendly and 
suitable for use with small and medium sized e-
Commerce businesses. 
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METHOD PROPOSAL 

We newly propose a method to derive a relevant 
initial contact angle based on the supposition of the 
ever-increasing ratio of liquid-filled pores/modified 
surface to that of the virgin surface as a function of 
time until equilibrium is reached. Thus, by fitting the 
observed contact angle development with time from 
the point where it is judged the inertial factor has 
dissipated until the equilibrium plateau value is 
reached it is suggested that an extrapolation back to 
zero time delivers a more relevant contact angle of 
the droplet liquid related to the surface as if it 
consisted totally of original surface material or the 
structure that is relevant. Following this procedure, 
we can report the initial advancing contact angle 
value, θfirst contact, derived as  

edextrapolat
0

contactfirst )(lim t
t




   (3) 

as exemplified in Figure 1 (shown schematically).  

Experience shows that a polynomial of order ≤ 4 
generally captures the nature of the curve reasonably 
well without introducing non-physical results. In 
addition, we undertake to make the fit with the 
lowest order possible whilst remaining coincident 
with the experimental data. What is more, the higher 
the order of polynomial the more rapidly the 
function oscillates and so this precludes high orders 
as being non-physical per se. The problem here is 
that the underlying physics, or more exactly the 
order in which the many factors at play manifest 
themselves, cannot be precisely defined in each case. 
This is because all the mechanisms acting depend on 
the surface energy, and that, unfortunately, is 
unknown as it is the parameter trying to be 
measured. This unknown parameter leads, therefore, 
to a vicious circle in that it is impossible to provide 
an overarching combination of mechanisms even 
though each mechanism in principle might be 
assumed to be known, but the magnitude and rate 
related through the surface energy remains 
unknown. Possibly an iterative method could be 
used in some cases where the surface is non-
complex, i.e. make a measurement, then model all 
the factors with that resulting surface energy and see 
how it fits, then remeasure and so on until 
convergence is found. However, if the surface is so 

simple that this could be applied then it is likely an 
equilibrium contact angle can be measured anyway. 
The drawback in proposing such a procedure for 
more complex surfaces is that one must know a 
priori all the mechanisms occurring and the 
interactions under which they act. This is not easy, 
and we give the example of modelling absorption 
into complex porous media – the best is an 
approximation based on a model structure, as real 
structures cannot be fully exploited as the 
computational complexity is intractable. 

In the same way, the time considered for the curve 
fitting is defined (a) by being post inertial oscillation 
of the droplet, and (b) before any discontinuities 
occur in the contact angle, related, for example, to 
Haines’ jumps, chemical reaction with the surface or 
excessive evaporation. The extrapolation is applied 
to data obtained from a Dataphysics OCA 50 sessile 
drop device, capable of delivering drop volumes 
down to 30 pL, with options to reduce even further 
to the nL range. A high-speed microscope camera 
captures the evolution of the droplet configuration 
over time after it is deposited on the surface. Image 
analysis and chosen curvature fitting software can be 
applied in relation to a user-defined linear 
continuous liquid-solid interface to determine the 
droplet meniscus shape, droplet volume and contact 
angle with the surface.  The surface energy may be 
calculated using the Owen, Wendt, Rabel and Kälble 
(OWRK) calculation (1-3) with the database liquids 
water (4), diiodomethane (4) and ethylene glycol (5). 

EXAMPLE STUDIES 

Porous surface  

For this study, the initial advancing contact angle 
value thus derived, θfirst contact, has been used (taken 
as the average of 3 measurements) to determine the 
effective surface energy for liquid contact on two 
representative pigmented paper coatings, A and B. 
The procedure is applied to example data fitting 
using a suitable polynomial for three liquids used to 
determine effective surface energy.  

Table 1 shows the extrapolated initial advancing 
contact angle values θfirst contact as shown in Figure 2 
for the three fluids on the paper samples.  

 

Table 1 Values of initial contact angle θfirst contact of three fluids on the two coated paper samples. 

Sample 
Average initial extrapolated contact angle  

± standard deviation 
/ ° 

Paper A water 52.78 ± 2.94 
Paper B water 44.43 ± 1.53 
Paper A diiodomethane 37.20 ± 3.50 
Paper B diiodomethane 44.11 ± 1.85 
Paper A ethylene glycol 48.44 ± 0.90 
Paper B ethylene glycol 48.74 ± 2.08
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Figure 2 Example fitting to determine the initial advancing contact angle θfirst contact of diiodomethane on the 
absorbing coated sample Paper B.  

 

 

Figure 3 Initial advancing contact angle θfirst contact of the three test fluids on the two paper samples. 

 

Table 2 and Figure 4 show the surface energy values 
calculated for the paper samples using the novel 
extrapolated value of initial advancing contact angle. 

The total surface energy of the Paper B sample is 
seen here to be slightly higher than that for the Paper 

A sample. The Paper B sample has a higher polar 
surface energy value based on the extrapolated 
initial advancing contact angle value and 
exemplifies the potential of the method to deliver a 
meaningful surface interaction energy for an 
absorbent porous medium. 
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Table 2 Values of surface energy of the three fluids on the samples. 

Sample 

Total surface 
energy  

± standard 
deviation 
/ mN.m-1 

 
dispersive   
± standard 
deviation 
/ mN.m-1 

 
polar   

± standard 
deviation 
/ mN.m-1 

Paper A 48.08 ± 1.76   33.46 ± 0.93 14.62 ± 0.83 

Paper B 49.65 ± 1.28 29.10 ± 0.89 20.55 ± 0.40 

 

 

Figure 4 Surface energy derived from the three fluids on the two paper samples. 
 

 

Non-porous surfaces 

Reactive/inhomogeneous surface  

Here we take the example of recycled polymer filled 
with a suitably surface treated alkali metal carbonate 
filler, designed typically to deliver enhanced 
stiffness and impact resistance to a native polymer 
matrix (Figure 5). 

In Figure 6 we see the behaviour recorded for the 
droplet contact angle of the various liquids as a 
function of time used to determine surface energy. 
Clearly, the initial contact period for water is not 
only displaying the inertial region, but also a 
significant step function as time proceeds. Given the 
unknown nature of the contact behaviour during this 
step function, extrapolation is used once the first 
monotonic behaviour is reached. Diiodomethane, is 
behaving classically – if only all such measurements 
were so! – and an equilibrium contact angle can 
easily be determined. The picture is different, 
however, for ethylene glycol, where we see several 
subsequent steps in the contact angle as a function of 
time, indicating a likely interaction with the surface 
or the jump effect of the liquid in contact with 
surface inhomogeneities, in which case an 
extrapolation is used from the first section of this 

behaviour to represent the most likely initial state of 
contact between the liquid and the surface. 

 

 

Figure 5 Pigment filled polymer (dog-bone shaped) 
sample (14.7 cm long, 2.0 cm wide at ends, 1.0 cm 

wide in the middle, 0.4 cm thick) 
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Figure 8 Water on PET – example of surface 
roughness (area 1.0 x 1.3 cm2) 

In Figure 9 we observe a complex surface 
microroughness under grazing angle illumination in 
the form of a polyethylene terephthalate (PET) 
surface. Studying the wetting property for water, in 
terms of contact angle as a function of time, Figure 
9, the Haines jump phenomenon is seen occurring 
on a timescale of between 1 and 2 s, preventing an 
equilibrium being reached monotonically. 

 

 
Figure 9 Evolution of contact angle as droplet spreads over surface roughness – θfirst contact = 72.6º  

 
CONCLUSIONS 
Surfaces used for printing are becoming ever more 
complex, especially when considering new materials 
in packaging and for functional printed designs. 
Costly time and materials can be wasted seeking to 
print on a surface that is unsuitable in respect to 
surface energy balance with that of the ink or 
varnish to be printed or coated. To ensure adhesion 
in the wet state during transfer it is essential to be 
able to have a realistic measure of the surface 
wetting property and effective surface energy. 
Surfaces that are designed to be porous, liquid 
reactive or have a complexity of surface roughness 
patterning can be particularly difficult to 
characterise using the traditional sessile drop 
method. To overcome the shortcomings of the 
measurement under non-equilibrium conditions, the 
authors propose a method of extrapolation of the 
contact angle using the first period of monotonic 
behaviour after the inertial region to establish and 
effective advancing contact angle representing the 
first moment of contact.  
The method is exemplified, and the experience of 
the authors working in an industrial testing 
laboratory is that enquiries from the printing 
industry, coatings and metals industry and polymer 
materials industry, food and personal care, to name 

but a few, are steadily increasing as practitioners 
find the results bring an extra security to their 
operations and support successful developments. 
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ABSTRACT 
  

The bioeconomy in Europe is, by definition

developed within a so-called ‘weak’ sustainability 

concept arising from a predominantly 

conservative approach amongst many 

Union (EU) members. Governments

instigating ‘biotechnology strategies’ 

necessary investment, technological and economic 

activities targeting production of sustainabl

manufactured goods and biofuels.

Bioeconomy Strategy, concerning EU biomass 

utilisation, was launched in 2012 and since then 

has been variously criticised to be 

conservative and lacking a s

sustainability approach, being more oriented 

towards ‘quick-fix’ solutions for improving 

that time extant, negative economic trend

potentially destabilising high unemployment. 

this paper, the regulatory response to, and the 

impact on, bioeconomic development is evaluated 

in the light of this current criticism. To provide a 

likely model case for the development of 

bioeconomy, focus is given to activities in Finland 

as an example of a bioresource-rich country.

 

Keywords: sustainability, bioeconomy, biomass, 

land grab, deforestation  

 

 

INTRODUCTION AND BACKGROUND

 

Many studies and authors emphasise

current European Union (EU) policy framework is 

too optimistic in respect to economic goals for 
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BACKGROUND 

asise that the 

policy framework is 

economic goals for the 

bioeconomy, having too ambitious demand for 

wood sources likely to outstrip sustainable 

extraction   levels from European forests leading 

to significant pressure on forest ecology, 

sustainability and diversity [18, 25]

 

In this paper, using systematic literature review 

from publications in the field of sustainability 

development in bioeconomy, EU policies and 

publications, we develop a brief critical overview 

of current status and trends in sustainability 

regarding the production of biofu

biomass sources, and whether there is emerging 

integration towards policies within 

will enabled synchronised control of utili

forest biomass ensuring long term

benefits [6] . 

 

Sustainable development was populari

the publication of the Brundtland 

findings in 1993, being defined as “development 

that meets the needs of the present without 

compromising the ability of future generations to 

meet their own needs” [5]. Since the 

of bioeconomy as a trade mark for

investments into biotechnology and research, 

production of biofuels has escalated as it promised 

sustainable, renewable and steady sources of 

energy for European countries

Sustainable development is process 

lead to social, economic and enviro

equilibrium, albeit within a very complex network 

of interactions [29]. 

 

 

IOMASS ON 

EUROPEAN BIOECONOMY 
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term environmental 
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the introduction 

as a trade mark for large 

investments into biotechnology and research, 

s escalated as it promised 

sustainable, renewable and steady sources of 

an countries [18, 21]. 

Sustainable development is process intended to 

lead to social, economic and environmental 

equilibrium, albeit within a very complex network 
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Fig. 1 Possible outcome on the biodiversity Earth map in the scenario where global temperature rises from 

2-6 ºC / adapted from [14, 27, 30] / 

 

Whilst the world is said to need to reduce 70 % of 

current greenhouse gas emission by 2050, at the 

same time 9 billion people are expected to live on 

the planet by 2050, needing land for food 

production and housing [11, 19]. Much of that 

same land, however, is expected to sustain 

production of biomass for the increasing demand 

for biofuels and bio-based manufacturing [3, 21].  

 

A successful bioeconomy additionally requires 

heavy investment in economic remodelling and 

research funding activities to achieve the 

necessary technological step change towards a 

decrease in fossil fuel consumption and a 

lowering in greenhouse gas emission [12, 15]. 

Fig.1 illustrates the projected environmental 

response to climate change temperature pattern on 

Earth increasing each year to a level of 6 ºC, with 

consequent reduction in land productivity and 

biodiversity. Hence, the concerted effort to reach 

agreement to a limit of < +2 ºC [28, 31]. 

 

Wood is proposed to be an environmentally 

neutral biofuels source, if, crucially, not counting 

the reduction in reabsorption of CO2 by 

photosynthesis from the cut trees initially used to 

provide the biomass [14]. Environmental issues 

under EU laws are similar for the end use of 

biofuels and fossil fuels in respect to control of 

emissions of gases and particles into the 

atmosphere [8]. All large combustion plants and 

households must undertake necessary measures 

for pollution prevention, including equipment, for 

sulphur dioxide (SO2), nitrogen oxides (NOx) and 

particulates, employing best-available techniques 

(BATs) [3]. Generally, emission limits for liquid 

fuels are similar to those for solid fuel, while 

emission limits for gas fuels are lower [14, 17]. 

For large combustion plants that utilise wood 

source biomass, the adverse effects of emissions 

are similar to those of fossil fuels, whilst for 

smaller plants, or households, emissions are 

lower, depending on the application [25]. The 

benefit from biofuels is considered derived from 

using a renewable energy source and a secure 

supply, considering wood biomass in many cases 

as a local or friendly neighbour commodity [7, 

20]. However, the question of CO2 neutrality 

remains open, since it takes many years for 

planted wood to reach the necessary CO2 

reabsorption level and, depending on climate and 

species, this can span many human generations up 

to 100 years in some cases, if biodiversity is to be 

maintained [19, 30].  

 

While the Regulatory framework is continually 

being focused in the direction of CO2 emission 

reduction, governments highlight the transport 

industry for public attention. In response, car 

manufacturers are starting to plan their future on 

electric propulsion. Fully electric or hybrid 

vehicle development forms the major investment 

strategy for the industry. However, the question 

arises as to the sustainability of electric vehicles 

based on limited material resources needed for 

battery technology and the resulting increase in 

needed electricity generation for, what is today, a 

relatively inefficient charging-discharging cycle. 

As a result, we also see, for example, Toyota 

(Toyota Opens a Portal to the Future of Zero 

Emission Trucking) defining the hybrid as a 

transition technology only toward the target of 

adopting hydrogen sustainably cracked from 

water [20, 21]. In addition, BlackRock, the 

biggest private equity fund is raising billion level 

sums to invest in infrastructure developments 

(Investing in a 
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sustainable future: a framework for translating 

intention into implementation) [22, 23]. 

Investments have the power to lead the final 

implementation by giving priority to one 

technology to the disadvantage of others. In the 

case of the ultimate solution for mobility, this 

could eventually support the realisation that 

energy source distribution to the final consumer, 

whilst embedded in a circular economy, will be 

the key to providing sustainable mobility rather 

than a headlong rush into a technology that is, in 

the longer-term, unsustainable. Today, the 

infrastructure to support distribution to the 

mobility market is mainly designed for fossil fuels 

for private, public and commercial transport by 

road, water and air. A hybrid scenario is already 

in place for rail, although we cannot say that this 

was ideally planned for in advance, with some gas 

and mostly electricity for related needs in 

buildings and communications infrastructure [20-

23]. 

 

A common denominator for all existing available 

means of energy supply has been the central 

generation and subsequent distribution through a 

network. Today, the possibility for a decentralised 

production of electricity and even hydrogen is a 

reality that sometimes is only prevented by a 

legislation that protects the previous investments 

in centralised infrastructure and distribution [24, 

25]. If new investments are going to continue 

within the limitations of the distribution status 

quo, then we could end up just replacing the 

generation component with one or another that 

depends primarily on the existing model of 

distribution. 

 

With the background described above, from the 

Regulatory point of view, history appears to be 

repeating itself following almost the same level of 

discussion that occurred in the last century for 

fossil fuels, the main open question being: must 

we burn a natural resource, such as biomass, or 

would it be wiser to use it as raw material for 

manufacturing? In pursuing primarily fuels, 

biorefinery seems to be the only offered answer 

today, so all relevant laws and political incentives 

remain focused in this direction. However, private 

investors are looking for the best use of the 

available funds, and today this can be much 

bigger than the fiscal incentives or the real 

investment possibilities open for governments. If 

the available money for infrastructure investments 

is giving priority to electrical or, ultimately, 

hydrogen-based mobility and Regulation is still 

focused on just replacing the fuel origin from 

fossil to biomass, then we could end up in a 

mismatch between the wider attained results and 

the Regulatory framework to deal with them. The 

stability needed for the correct assessment of a 

potential investment must come from a stable 

Regulatory framework and a clear understanding 

of the direction being led by technological 

evolution. Today, there is little sign of this vital 

connectivity. Regulation is still following public 

opinion and governmental edict, and not leading 

the additional need for sustainability via a circular 

economy rather than bioeconomy alone. 

 

 

THE NEED FOR RELEVANT DEFINITIONS  
 

Clarifying interactions 

 

Currently, under EU policies, all member states 

are obliged to monitor technical progress within 

their own resources, and they currently make 

decisions locally on sustainability factors 

regarding the use of biofuels, wood mass 

harvesting and technologies used, on the basis of 

their natural resources, state of technology 

development and regional environmental 

conditions [29, 30]. The circular model of 

bioeconomy assumes that the production of 

biomass is an ecological and renewable answer to 

fossil fuels for production chemicals and energy, 

while the resulting organic waste automatically 

becomes a new material resource, i.e. raw 

material, for further productive processes, which 

are assumed to be always sustainable [6, 12, 18]. 

Circular bioeconomy assumes intrinsically that 

living nature is an abundant raw material, 

inherently renewable, and the concept of waste 

utilisation is considered eco-efficient, since it is 

not thrown away [6]. Consumerism in this 

economic model is considered healthy as it 

generates a greater need for resources and 

provides for competition, and so must be able to 

continue through and via the bioeconomy [24, 25, 

34]. Furthermore, some research papers claim that 

EU policies often use the term “renewable” 

synonymously with sustainable, suggesting that 

renewable source technologies bring lower air and 

water pollution and decrease waste [13, 25]. Thus, 

the conversion of biomass and biowaste into 

value-added products, according to an EPOBIO 

report, is defined sustainable as it is ensured 

through reversible natural resources, in decades to 

come [7, 8, 14]. There are growing movements 

within EU politics emphasising a stronger role 

definition of sustainability, since carbon rotation 

time of forest biomass energy may be too long to 

be meaningful from a climate control perspective 

(European Academies Science Advisory Council 

(EASAC), 2017) [30].  

 

Integrating biorefinery with biomaterials 

 

The concept of the integrated biorefinery as a 

pillar of the circular bioeconomy concept requires 

131



integration of biorefining with the production of 

pulp and micro nanocellulose [6, 8, 24]. The 

utilisation of forest biomass for pulp, cellulose 

nanomaterials and energy is essential for 

bioeconomy development, as significant domestic 

resources are available within Europe [32]. Forest 

harvesting for wood biomass should support 

national industrial and technological development 

with emphasis on increased employment in the 

bioeconomy sector [11, 31]. Smaller European 

countries should not be left behind in the 

bioeconomy development for the benefit of 

centralised producers and countries with large 

forest resources (Nordic countries) [33, 36]. This 

concept, however, merges the interests of the 

agriculture and forest industries (seed, fertiliser, 

micro-nutrients, plant protection, genetically 

modified crops etc.) with the energy sectors 

(transport fuels, electricity generation, automotive 

industries etc.) [16, 27], which treat nature as an 

economic asset whose productivity must be 

intensified to attain appropriate market value [9, 

14]. This approach if uncontrolled becomes linked 

with progressive land grabbing leading to 

deforestation. The most vulnerable are local 

populations and small farmers, and there is 

growing concern within academia that the EU 

policy 6 needs to define sustainable policies 

applied uniformly across all member states to 

ensure safeguards to support sustainable 

exploitation of the bioeconomy principle [2, 16, 

24]. Eventually, prices of biofuels should be 

affordable for all, as regional biomaterials and 

biofuel will depend on local salaries, biomass 

prices, productivity, supply logistics and transport 

costs and legislation [29, 30, 32]. 

 

IMPACT OF TREE CULTURE 

MANAGEMENT  

 

Land stewardship 

 

The negative influence of forest harvesting on 

ecosystems has already been observed, through 

the removal of whole trees (spruce and pine) that 

impaired short-term growth of planted trees of 

between 5 and 30 years, due to decrease in the net 

amount of nitrogen in the soil [2, 7, 35]. Changes 

in species composition in a forest might occur 

resulting from changed nutrient status or changes 

ground cover or the amount of canopy sheltering 

for the benefit of insects, earth aerating creatures 

and mammals, impacting on rare insects and birds 

breeding spots etc., whilst wood residue removal 

or excess may lead to increased levels of pest 

insects, or fungi, respectively, rising to epidemic 

levels [14, 35].  

 

The extent to which soil organic matter is affected 

depends on the quantity of tree biomass removed, 

the amount of displacement of dead roots, and the 

degree to which soil moisture and temperature are 

modified [2, 8]. The removed soil organic matter 

in the forest can only be replaced by growth of 

new replacement forests, and under these 

conditions the level of organic matter might never 

reach former levels if intensive harvesting is 

continued or growth is reduced. The removal of 

nutrients can be compensated by fertilisation or, 

partly, by wood ash recycling, and addition of 

nitrogen fertiliser as necessary, since after 

combustion wood ash contains almost all the 

required nutrition except nitrogen [12, 17, 24].  

 

SUSTAINABILITY REGULATION WITHIN 

THE EU 

 

A mixed message – certification standards 

 

It has been observed by some authors that the EU 

faces a lack of integration over national forest 

standards, coexisting as a confusion of 

terminology and lack of rationale in respect to 

legislation, failing to display a fundamental basis 

for joining up the sustainability factors in the 

circular bioeconomy with incomplete evaluation 

of economic criteria [2, 4, 14]. 

 

It is important to standardise best-available 

harvesting techniques in a way similar to 

techniques for pollution prevention and control [2, 

8] that will serve as parameter-setting for all other 

policies. The complex nature of restrictions 

touching different aspects of forest harvesting and 

the lack of defined EU-wide standards raises the 

questions whether forest harvesting really can be 

performed in a sustainable way and what is meant 

by the European term for sustainability, both of 

which will define the extent to which forest 

biomass can be used for biofuels production [13, 

29]. Uncertainty is high when scientific results are 

interpreted and transferred to operational criteria, 

indicators, recommendations and guidelines, with 

the final thresholds being set by politicians, 

certification bodies or other stakeholders [32]. 

This need for united interpretation is decisive for 

future utilisation of forest biomass for energy and 

recycling of wood biomass [36]. 

 

Sustainable utilisation of wood biomass for 

energy use is defined in the EU through 

certification schemes, such as the International 

Standard on Environmental Management Systems 

(ISO 14000 series, ISO 14001 specifically), and 

the EU Eco-Management and Audit Scheme [33, 

35]. These documents provide reporting tools and 

mechanisms for sustainable management for   

companies that are also starting to become 

biofuels producers, e.g. Dong in Denmark or 

UPM in Finland and Stora Enso spanning Finland 
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and Sweden, to evaluate and report their 

environmental performance uniformly [12, 30]. 

Under the Essent Green Gold or Eugene 

standards, electricity producers are also accredited 

as producers of green energy, and they must 

obtain certificates that the wood used in 

biogeneration is purchased from Forest 

Stewardship Certified (FSC) sources within 4 

years [29, 30, 32].  Similarly, the same standards 

require that power generation stations that use 

energy generated from crops should all have 

licences that they come from FSC-certified 

sources. It is suggested in a newly published 

report that if other regional/national forest 

certification standards, such as PEFC, additionally 

must be complied with and accepted for Eugene 

accreditation [8, 9]. The report also recognises 

that the certification requirement would limit the 

supply from countries with only a limited area of 

FSC-certified forest. The role of these certificates 

issued by the EU is to ensure sustainable 

utilisation and traceability of the biomass 

throughout the entire supply chain, from logging 

through to the burning of biofuel [14, 25]. 

 

National certification schemes under both PEFC 

and FSC certification often have regulations for 

use of wood for energy and, therefore, legal, 

regulatory, institutional, economic policies apply 

including financial instrument regulations, defined 

under the first Pan-European Criterion 

“Maintenance and Appropriate Enhancement of 

Forest Resources and their Contribution to Global 

Carbon Cycles” [18, 35]. In the second pan-

European criterion, “Maintenance of Forest 

Ecosystem Health and Vitality”, sustainability 

regulation goes further towards regulating the 

utilisation of wood biomass in respect to damage 

caused by biotic and abiotic agents (cf. also 

PEOLG 2.1.b), and on the base of already evident 

changes that wood harvesting and deforestation 

has had on soil nutrient balance and acidity (cf. 

also PEOLG 2.2.d) regulatory is starting to be 

addressed in the national PEFC standards [2, 3]. 

The change of soil parameters due to harvesting  

causing extraction or loss of nutrients and 

decreased soil fertility is explicitly addressed in 

national forestry policies through rules that define 

frequency of removal of crown/canopy material 

(Austria, Sweden), or  seasonal harvesting in 

relation to soil fertility (Italy), leaching, and 

deposition (Denmark), with even prohibition in 

some countries of harvesting levels that can 

diminish growth of plantations or even growth 

potential (Slovenia, UK, Sweden) [2, 8]. Many 

national standards address supplement-based soil 

fertilising after harvesting, in respect to 

safeguarding nutritional needs (Austria, Denmark, 

Germany, Latvia, Luxembourg, Spain and 

Sweden), while some address the need that 

fertilising must also be strictly regulated within 

environmental protection standards (Czech 

Republic). Additionally, in some countries there 

exist also restrictions for sludge recycling (Latvia) 

[35, 36]. 

 

Since minimising waste production whilst 

maximising waste re-use and recycling in a 

sustainable way are the most essential 

components in sustainable waste management, 

European law reflects this [30]. As a result, the 

law in turn is ill-equipped to cope with conflicts 

of definition in respect to what is waste and what 

is raw material. Wood ash is regarded as waste 

material [15, 21], whereas wood ash has been 

used for soil fertilisation for centuries and Finland 

has a long history of re-using wood ash in forestry 

[24, 25]. Where considered legally as waste, wood 

ash is liable to the levy of land deposition 

penalties, which if adhered to would mean it 

might not only be prevented but uneconomical to 

use as fertiliser. In this respect, wood ash 

recycling is allowed only under strict government 

regulations (Austria, Sweden) [17, 35].  

 

National and European Forestry policies on the 

road to bioeconomy  

 

The most marked political support for 

bioeconomy is found within the EU in Finland, 

where the political climate has been created to 

lead the country towards a mature bioeconomy, 

due to assumption that Finland has unlimited 

wood biomass resources without the need for 

extensive limiting regulation. Subsidies have 

already been implemented in some Nordic 

countries that motivate forest owners to sell wood 

for production of biofuels, like in Finland, whilst 

in others, Sweden and the Baltic countries, it is 

still the matter of personal choice the purpose for 

which logs may be sold [24, 32]. Denmark has a 

similar “biomass agreement” from 1993, in which 

straw and wood chips are considered biomass for 

energy supply, while Swedish forest policy, 

although supporting the increase in biofuels and 

biomaterials production, recognises possible 

future problems in biomass supply [12, 32]. 

 

The increase in production of biomass in the 

future will result in sectors such as agriculture and 

forestry most probably competing for land and 

investment, research funding and subsidies [25, 

27]. Despite this likelihood, no concrete actions 

are yet proposed in respect to the sustainable 

management of competing natural resources. 

Whilst many EU strategies, such as the forest 

strategy [7], biodiversity strategy [8] and 

agricultural policy [30], refer to sustainable 

management and sustainable use of natural 

resources, the integrated replacement of fossil 
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fuels based with biofuels is considered generally 

as a stand-alone policy area and, as yet, does not 

address competitive conflict [10]. In this context, 

bio-technological innovation is expected to 

develop new forms of biocapital, e.g.  plants or 

plant cells as biofactories, new forms of 

microorganisms and biocatalysts, supporting the 

new forms of bioenergy supply that will have 

higher value through increased productivity [9, 

24].  

 

The sustainability approach considers very clearly 

considered that the ground is set to meet the idea 

of the bioeconomy being a high tech innovative 

value driver, enabling quick economic returns has 

been approached differently in different EU 

countries, in respect to available natural resources 

feed this value growth potential through 

agriculture development (Germany, Austria, the 

Netherlands) and utilisation of wood biomass 

(Nordic and Baltic countries) [33, 36].  

 

Over the last decades, several policies  have been 

set for establishing a more sustainable  

bioeconomy with appropriate use and reuse of 

natural resources, such as  the circular economy 

strategy, e.g. European Commission, 2015, which 

suggests implementation of closed material loops 

utilising resources (BMEL, 2014; European 

Commission, 2012) based on a value-added 

hierarchical system of biomass for the production 

of materials, chemicals, fuels and energy – the so-

called biomass pyramid [29, 30]. This concept 

includes the proviso; only after providing the 

sufficient and healthy supply of food and feed to 

meet the basic needs of society. This is achieved 

through the Cascade principle, described 

elsewhere [6]. The transition towards a 

bioeconomy is complex and predicting the role of 

the forest industry towards the 2050 climate target 

will involve an understanding of high-end 

speciality products and the necessary development 

of alternative energy sources that eventually will 

not utilise biomass [1, 3, 31, 34], as presented in 

Fig 2. 

 

Generally, from all these policies it is obvious that 

wood as a renewable resource for biofuels 

production is prioritised and supported by the 

forest policy of the EU. Production of biofuels 

from the use of forests is furthermore favoured by 

employment and regional policies, as forestry and 

bioeconomy are expected to create new jobs [13, 

24, 26]. Nonetheless, there are major differences 

in forestry policies among countries, which is not 

coordinated well, and which might work against 

each other, resulting in conflicts in the use of 

public money [29, 33]. In order to avoid such 

conflict, it will be necessary to study how 

different policies can co-exist in a meaningful 

way [6, 8]. 

 

 

.

Fig 2. Prediction of world energy consumption by the year 2050 generated from different renewable energy 

ources [3, 13]. 

 

TRANSITION ANALYSIS OF THE FINNISH 

BIOECONOMY 

 

Finland is a highly technology and natural 

resource-driven industrialised country with a 

market economy that is heavily dependent on 

(imported) fossil fuels [2, 3]. The main strengths 

of the economy and exports that count for one 

third of GDP in recent years lies in manufacturing 

within the forest sector, metals, engineering, 

134



telecommunications and electronics. Except for 

wood and some minerals extraction, Finland 

mainly imports raw materials for its industry and 

components for manufactured goods

world financial-economic crisis had bad 

consequences for Finland, accompanied with 

decreasing demand for paper products and foreign 

political uncertainty in Russia, its largest export

import market, resulting in a major economic 

crisis in the period 2009-2017 [3, 28

when observing the potential for a 

Finland’s starting position is among the best in 

Europe, biomass being its obvious strength since 

70 % of the country is covered by forest. In 

parallel, countries with fewer forest resources than 

Finland are planning development of the 

bioeconomy by counting on import of biomass, 

e.g. Germany, France, the Netherlands

There exists traditionally a strong interaction and 

dependence between the paper industry, forestry 

and production of renewable energy, where 

forestry produces over 70 % of

renewable energy, in the form of traditional 

biomass via burning wood logs for heating, 

adopting municipal heat distribution systems

 

Finnish bioenergy is currently based mostly on 

side-streams and waste from the forestry and 

paper industries. By increasing the reliance on 

biofuels and nuclear power, Finland decided to 

cut the use of coal, and eliminate its use 

completely by 20130 (National Energy and 

Climate Strategy, 2016) [18, 28]

decision, Finland joined five other countries,

Austria, Canada, France, Germany, the 

Netherlands, to be pioneers in the move away 

from coal. Fig. 3 illustrates the changes in the 

shares of the different energy sources in Finland 

planned by 2030 [17]. Wood-based bioenergy in 

Finland is expected to provide 32 % of energy 

needs by 2030 [15, 16].  

 

The bioeconomy or, as it is called in Finland, the 

‘biobased economy’, is, however, founded on the 

‘weak-conservative’ sustainability concept, 

claiming that wood biomass is natural, abundant 

and endlessly renewable. Particularly, forestry 

naturally takes a leading role on the bioeconomy 

platform [23]. There are two opposing views, 

however, on the bioeconomy in Finland within 

academic circles; the one being very optimistic, 

assuming the bioeconomy is sustainable as such, 

the other expressing a more pessimistic view, 

which expresses that development of a 

bioeconomy reliant solely on forest biomass will 

have a net negative impact on sustainability

Hence, when climate concerns are integrated in 

bioeconomy policy objectives, assuming 

unquestioningly that they provide benefit from 

sustainable economic development led by the 

telecommunications and electronics. Except for 

wood and some minerals extraction, Finland 

mainly imports raw materials for its industry and 

components for manufactured goods [4]. The 

economic crisis had bad 

nland, accompanied with 

decreasing demand for paper products and foreign 

political uncertainty in Russia, its largest export-

import market, resulting in a major economic 

28]. Therefore, 

when observing the potential for a bioeconomy 
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Europe, biomass being its obvious strength since 

70 % of the country is covered by forest. In 

parallel, countries with fewer forest resources than 

Finland are planning development of the 

y by counting on import of biomass, 

e.g. Germany, France, the Netherlands [12, 28]. 

There exists traditionally a strong interaction and 

dependence between the paper industry, forestry 

and production of renewable energy, where 

forestry produces over 70 % of Finland’s 

renewable energy, in the form of traditional 

biomass via burning wood logs for heating, 

adopting municipal heat distribution systems [15].  

Finnish bioenergy is currently based mostly on 

streams and waste from the forestry and 

ries. By increasing the reliance on 

biofuels and nuclear power, Finland decided to 

cut the use of coal, and eliminate its use 

completely by 20130 (National Energy and 
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Austria, Canada, France, Germany, the 
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from coal. Fig. 3 illustrates the changes in the 

erent energy sources in Finland 

based bioenergy in 

Finland is expected to provide 32 % of energy 

The bioeconomy or, as it is called in Finland, the 

‘biobased economy’, is, however, founded on the 

conservative’ sustainability concept, 

natural, abundant 

Particularly, forestry 

naturally takes a leading role on the bioeconomy 

. There are two opposing views, 

in Finland within 

academic circles; the one being very optimistic, 

assuming the bioeconomy is sustainable as such, 

the other expressing a more pessimistic view, 

which expresses that development of a 

bioeconomy reliant solely on forest biomass will 

net negative impact on sustainability [2]. 

Hence, when climate concerns are integrated in 

bioeconomy policy objectives, assuming 

unquestioningly that they provide benefit from 

sustainable economic development led by the 

forestry sector, there arise environ

challenges, such as the need to maintain 

biodiversity and the inherent unsustainable 

reliance on wood biomass alone as being CO

neutral (European Commission, 2016) 

authors argue that to have a successful transition 

to bioeconomy the stakeholder silo structure in 

Finland should be reconsidered, and a more 

technology-integrated solution is needed, i.e. a 

horizontal, cross-sectoral economic structure 

16, 28].  

 

 

*PJ = petajoules = 10
15
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Fig. 3. Transition in energy resources in Finland 

by 2030, when use of coal for production will be 

banned and oil use will be reduced by a quarter by 

2030. At the same time use of nuclear power will 

significantly increase / adopted from 

 

Finland cultivates an innovation culture, and focus 

remains strong amongst researchers on 

alternatives to forest biomass reliance

Electric, flexi-fuel vehicles, solar photovoltaics, 

for example, are excepted to make up to 10 % of 

the personal car stock by 2030, as the investment 

has been made in nuclear power to meet such 

electricity demand increases (Finnish Energy Ltd, 

2016)  [16, 17]. Even though Finland has one of 

the highest spending per GDP on research and 

development in the EU, as recorded in 

International Energy Agency, 2016, it, 

nonetheless takes the risk to be marginalised once 

upcoming sustainability-related legislation wi

the EU caters for the emergence of alternative 

renewable energy sources.  

 

Remote locations with low population

make Finland the perfect candidate t

use of decentralised energy generation solutions. 

In this respect, simply replacing one central 

source by another could mean 

opportunity for sustainable 

However, even with this somewhat limiting 

scenario, the proper selection of the source of 

energy for the final consumer could 

forestry sector, there arise environmental 

challenges, such as the need to maintain 

biodiversity and the inherent unsustainable 

reliance on wood biomass alone as being CO2 

European Commission, 2016) [25]. Some 

authors argue that to have a successful transition 

to bioeconomy the stakeholder silo structure in 

Finland should be reconsidered, and a more 

integrated solution is needed, i.e. a 

sectoral economic structure [13, 
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banned and oil use will be reduced by a quarter by 

2030. At the same time use of nuclear power will 
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Finland cultivates an innovation culture, and focus 

remains strong amongst researchers on 

alternatives to forest biomass reliance [4, 14]. 

fuel vehicles, solar photovoltaics, 

for example, are excepted to make up to 10 % of 

the personal car stock by 2030, as the investment 

has been made in nuclear power to meet such 

electricity demand increases (Finnish Energy Ltd, 

. Even though Finland has one of 

the highest spending per GDP on research and 

development in the EU, as recorded in 

International Energy Agency, 2016, it, 

nonetheless takes the risk to be marginalised once 

related legislation within 

the EU caters for the emergence of alternative 

Remote locations with low population density 

candidate to increase the 

ed energy generation solutions. 

In this respect, simply replacing one central 

source by another could mean losing an 

sustainable improvement. 

somewhat limiting case 

, the proper selection of the source of 

rgy for the final consumer could at least lead 
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positively to a more efficient distribution network. 

 

In a context of circular economy, where the 

outputs of a process must be inputs into the next 

one. The distribution must take into consideration 

the “bidirectional” flow of goods. Efficiency, 

therefore, needs to be increased on both sides of 

this two-way exchange, much more so than today, 

because we currently think of only two 

unidirectional flows, one for distribution of 

supply and goods, and one for waste disposal. 

 

Conclusions  

 

The bioeconomy is gaining increasing attention 

due to the obvious change in climate and loss of 

biodiversity, but no less because of the economic 

opportunities presented in its development, often 

referred to as the “green gold rush”  [3, 31]. With 

increased interest in forest harvesting for 

production of biofuels it will be necessary to 

create an integrated regulatory environment for 

recommendations and guidelines to ensure 

sustainable extraction of forest biomass. The risks 

of negative consequences in the utilisation of 

biomass are dependent on policies and regulation 

within different countries and at the European 

Union (EU) level, and include: risks for 

deforestation, food price increase, decrease in 

biodiversity, land and water quality degradation, 

air pollution and conflict due to land-grabbing 

[14, 34]. 

 

Whether the use of biomass to generate energy 

and raw materials is in a centralised or 

decentralised structure can have a big impact on 

the future development of a circular economy [20, 

23]. Private fund investments could emerge to 

take the lead in areas where the national 

government finance is lacking resources, for 

example, in advancing necessary infrastructure. 

Care needs to be taken that such investments work 

positively toward sustainability and do not 

support vested interests amongst bioeconomy 

protagonists, resulting in a monopolistic energy, 

materials and/or mobility policy. 

 

Finland provides a good model to monitor 

bioeconomic development., relying mainly on its 

historical experience and established resources in 

bioenergy and nuclear power, whilst it also 

demonstrates how scaling up of existing 

technologies may provide one solution to 

achieving a bioeconomy relying on its own 

natural resources [18]. Following this route alone, 

however, could mean that possible improvements 

arising from a decentralised energy generation 

could be overlooked in a country with low density 

population and remote locations. With most 

decisions concerning distribution networks being 

taken based only on the current unidirectional 

incoming flow model, whilst considering 

outgoing waste flows separately, restructuring is 

needed to establish a circular economy, in which 

bi or multidirectional flows, in and out, and once 

again into and out, must be key variables in the 

design of energy generation units, more or less 

centralised, and the efficiency of the distribution 

network, which in turn must include not only 

inputs but also outputs upgraded to future inputs. 

 

The case for monitoring Finnish developments 

closely is further underpinned by the high-risk 

strategy of considering biomass usage alone as 

being CO2 neutral, given the biomass regrowth 

and greenhouse gas reabsorption imbalance 

foreseen to arise if a ‘weak-conservative’ 

sustainability concept is the sole advancement 

mechanism [4,13, 16, 17].  
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very competitive candidate for printing PV inks on 
film substrates, there are some limitations in respect 
to mutual compatibility between highly hydrophilic 
surface MNFC films and mixed polar-dispersive 
solvents constituting the PV ink [4-9]. This 
complexity of polar-dispersive surface energy 
balance is, therefore, critical. 

The plasma technique is a convenient method to 
modify the surface properties of polymeric 
materials, keeping intact their bulk properties. 
Furthermore, it is an easy way to introduce the 
desired groups or chains onto the surface of 
materials with increased roughness. Surface 
properties of paper and cellulose based materials 
also may be altered by plasma treatment techniques 
using careful control of operational parameters, 
including the gas used, reaction conditions (power, 
pressure and exposure time) and the reactor 
geometry [10].  

In this work, we aim at modifying the MNFC film 
surfaces using nitrogen plasma to enhance their 
amphiphilic surface affinity to polar and non-polar 
IP PV inks. Surface energy (sessile drop method), 
surface roughness (atomic force microscopy (AFM)) 
and X-ray photoelectron spectroscopy (XPS) were 
used to parameterise the MNFC film surface before 
and after plasma treatment. The affinity for IP PV 
ink was assessed visually after inkjet printing.  
 
The mechanical properties of the obtained films 
were studied to ensure satisfactory film strength.  
 

 

 

MATERIALS AND METHODS 

Preparation of MNFC 

For the manufacture of short MNFC fibrils, the pulp 
was first washed to create the sodium form by 
adding sodium hydroxide to a 2 w/w% fibre 
suspension until the pH reached 10, and then re-
washed with deionised water to a conductivity of 8.2 
µS. The enzymatic treatment was performed with a 
commercial enzyme ECOPULP® R (Ecopulp 
Finland Oy), a genetically modified strain of 
Trichoderma reesei fungus. An amount of 3 mg of 
enzyme per gram of pulp fibre was added to a 2.5 
w/w% suspension and the temperature was increased 
to 57 °C at pH 5.5 during hydrolysis, whilst keeping 
under constant agitation. The period of digestion 
was increased for each subsequent sample in 30 min 
steps, Table 1. The enzymatic activity was 
terminated by adjusting the pH to 9-10 by sodium 
carbonate and increasing the temperature to 90 °C. 
After cooling the suspension overnight in cold 
storage, the samples were refined through an 
homogeniser (model M-110P, Microfluidics, USA) 
under a pressure of 2 000 bar through a 100 µm flow 
gap. The solids content of the MNFC suspension 
after the fluidisation was 1.65 w/w%.  

Enzymatic hydrolysis of pulp as a route for 
production of low-charged MNFC results in 
production of short fibrils, which have much lower 
aspect ratio than MFC and NFC produced via 
chemical oxidative pretreatment or mechanical 
refining alone, as presented in Fig. 1, observed with 
imaging comparing MNFC/300/ and MNFC/0/ 
suspensions, i.e. Fig. 1a) reveals much shorter fibrils 
obtained upon 300 min of enzymatic hydrolysis. 

 

Enzymatic 
treatment 

time 
/ min 

0 
(reference) 

30 60 90 120 150 180 210 240 270 300 

Sample 
label 

MNFC 
/0/ 

MNFC 
/30/ 

MNFC 
/60/ 

MNFC 
/90/ 

MNFC 
/120/ 

MNFC 
/150/ 

MNFC 
/180/ 

MNFC 
/210/ 

MNFC 
/240/ 

MNFC 
/270/ 

MNFC 
/300/ 

 

Table 1. Materials used in this study: bleached hardwood Kraft pulp treated with enzymes under controlled 
conditions, with progressive increase in enzymatic digestion time by 30 min steps for each subsequent sample.  
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and molecular translational temperature is much 
lower than the electron temperature, such that 
excessive gas heating can be suppressed. The 
advantage is that the plasma can be generated at 
atmospheric pressure, both in open or closed 
environment. In an open atmosphere the plasma 
discharges can be produced with a gas flow between 
the electrodes. A further attractive characteristic of 
the DBD plasma at atmospheric pressure is that it 
can be used to modify or activate surfaces of a wide 
range of materials, from polymers, textile fibres to 
biological tissues, without damaging them. To 
generate the DBD plasma we used a home-made 
device built at the Faculty of Physics, University 
Belgrade, Fig. 3. The DBD is assembled in a 
chamber with nitrogen gas injected into the 
discharge volume (6 dm3min-1) through ten 
equidistant holes to ensure homogeneous gas flow. 
MNFC films were treated for 0 s, 30 s and 60 s, 
respectively. The device was operated at 300 electric 
field pulses per second (Hz) for the prescribed 
durations of time.  

 
 
 
Fig. 3. DBD device with two electrodes and sample 
placed between them: a) schematic illustration of 
DBD plasma devise, b) plasma chamber housing the 
sample placed 1 mm from the upper electrode, and 
c) closed plasma set up with glass lid placed above 
the top of the upper electrode.  

Free surface energy (FSE) 

Measurement of high energy surfaces 

Most liquids are rapidly spreading on a high energy 
surface, and so a representative contact angle (CA) 
cannot be readily measured. Schultz (1977) [11] 
developed a method where CA can be measured by 
submerging the surface in one liquid and using a 
second liquid to measure the contact angle. In this 
case a hydrocarbon n-hexadecane is used as the 
submerging liquid having the purely dispersive 
liquid-vapour surface tension of γLV

h = 27.4 mJ.m-2, 
much lower than the expected surface free energy of 
the MNFC samples, and water as the contact angle 
liquid with the highly polar liquid-vapour surface 
tension γLV

w = 59.4 mJ.m-2. A sessile drop of water 
is lowered into contact with the horizontal film 

immersed under hexadecane using a precise pipette 
delivering 70 μl of liquid and the progressive change 
in drop shape due to the change in CA recorded with 
a Nikon camera (D5000) in time steps of 1 ms. The 
CA of water is also recorded separately to represent 
the print challenge of a highly polar ink. For each 
given MNFC sample and given liquid data variation 
is within 10 %. The identification of contact line 
geometry and evaluation of CA uses numeric 
software tools, as presented visually in Fig. 4. For a 
parallel optimal method for polar FSE determination 
with water alone, the Girifalco and Good approach 
[12], combined with the Neumann equation of state 
was used. This latter allowed the polar contribution 
to SFE be estimated and thus can be added to the 
formerly measured dispersive component. Each 
measurement was conducted five times. 

 

 
 
Fig. 4. Contact angle (CA) measurements as made at 
the Belgrade Institute for Physics: a) set-up for 
evaluating water CA under n-hexadecane with 
camera, b) determination of CA with use of image 
processing software and Java program for 
calculation.  

Surface topography 

Plasma action on the film surface can lead to a 
degree of debonding of fibrils as well as electrostatic 
charging and potential for subsequent additional 
moisture adsorption. Such changes can lead to re-
conformation of the surface, even though no 
mechanical forces have been applied. The change in 
topography of the MNFC films was investigated by 
Atomic Force Microscopy (AFM) (Veeco 
Instruments, model Dimension V). using a 
MultiMode 8 with Bruker NanoScope V controller. 
Each MNFC film sample was dry-cast onto a Mica 
support for AFM imaging. Micrographs were 
obtained in trapping mode under ambient conditions, 
using TAP 300 tips (resonant frequency 300 kHz, 
line force being kept constant at 40 Nm-1 and the 
AFM images were processed and analysed with the 
Bruker NanoScope Analysis 1.5 software.  
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Mechanical properties 

Mechanical properties of the MNFC films were 
measured by a MTS 400/M vertical tensile tester 
equipped with a 20 N load cell. The instrument was 
controlled by a TestWorks 4.02 program. Specimen 
strips with dimensions of 60 x 15 mm2 were clipped 
from the MNFC films with a lab paper cutter. The 
thickness of the strips was separately measured with 
an L&W micrometer SE 250. The gauge length was 
40 mm and the testing velocity was 0.5 mm.min-1. 
The results are presented as an average value 
obtained from five parallel specimens. The 
suspension was filtered subsequently using a Britt 
Dynamic Drainage Jar (DDJ), stirred by an overhead 
stirrer at 200 min-1 (rpm), based on Tappi test 
method T261cm-00, to collect fibres retained on the 
200-mesh screen (105 μm).  

Surface chemical composition 

Surface composition of the MNFC films was 
evaluated with X-ray photoelectron spectroscopy 
(XPS), using a Kratos AXIS Ultra electron 
spectrometer, with monochromatic Al Kα irradiation 
at 100 W and under charge neutralisation. Both the 
untreated MNFC films and plasma treated 
specimens were analysed. For the preparation, 
samples were pre-evacuated for at least 12 h, after 
which wide area survey spectra (for elemental 
analysis) as well as high resolution regions of C1s 
and O1s were recorded from several locations, and 
an in-situ reference of pure cellulose was recorded 
for each sample batch (Johansson and Campbell 
2004). With the parameters used, XPS analysis was 
recorded on an area of 1 mm2 and the analysis depth 
is less than 10 nm. Carbon high resolution data were 
fitted using CasaXPS and a four component 
Gaussian fit tailored for celluloses.  

Printing 

The photovoltaic (PV) inkjet printing inks (IP) 
contain a complex mix of materials, solvent and 

surfactants that keep the p-type and n-type 
components de-mixed. A piezoelectric laboratory 
scale drop-on-demand (DoD) materials inkjet printer 
(Dimatix 2831-DMP) was used to test the 
printability of the plasma treated MNFC films. The 
solvent of the IP ink is 3-methoxypropionitrile, 
which is highly polar and non-volatile (boiling point 
164 ºC), viscosity 1.2 mPa.s and density 0.937 gcm-

3, as stated by the supplier, Sigma Aldrich. The 
surface tension measurement was performed on the 
ink with an optical tensiometer (CAM 200 from 
KSV instruments) in pendant drop mode, giving a 
value of 29.2 mN.m-1 (mJ.m-2) 

 

RESULTS AND DISCUSSION 

The change in dewatering of the MNFC suspensions 
and change in fibre morphology, expressed as the 
fines content using the dynamic drainage jar (DDJ), 
are given in Table 2.  

It is clear to see that with increase in enzymatic 
hydrolysis time, dewatering decreases as fibrils 
become thinner and smaller, and suspensions 
become more gel-like. At the same time, 
crystallinity of fibrils increases.  

The mechanical and optical properties of MNFC 
films are presented in Table 3 where it is evident 
that the sheet density of the films increases with 
increase in hydrolysis time, while the packing 
density of the smaller crystalline particles increases. 
The permeability of those films created with the 
finer nanofibrils obtained after 120 min hydrolysis in 
turn falls rapidly, and it was not possible to measure 
using air flow techniques. The light scattering 
coefficient decreases also as the packing density is 
increased and the amorphous parts of the cellulose 
fibres were reduced, while, due also to higher 
packing density, the elasticity modulus increases, 
showing that films had improved strength. 
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Table 2. Properties of MNFC suspensions

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3. Mechanical and optical properties of MNFC films 

Film properties 
  

Enzymatic 
treatment time 

/ min 

film 
weight 
/ gm-2 

density 
 

/ gcm-3 

permeability 
 

/ µm(Pa s)-1 

light scattering 
coefficient 

/ m2kg-1 

E-Modulus 
 

/ GPa 

0 73.91 0.637 69.86 37.43 2.53 

30 76.12 0.794 9.96 22.83 4.16 

60 71.35 0.910 1.06 16.12 5.12 

90 72.31 1.016 NA 9.94 7.02 

120 70.53 1.090 NA 6.93 8.59 

150 70.81 1.127 NA 5.81 9.13 

180 69.57 1.145 NA 4.48 8.95 

210 71.08 1.178 NA 3.74 11.26 

240 70.10 1.179 NA 3.08 9.17 

270 71.18 1.226 NA 3.11 9.76 

300 65.27 1.187 NA 3.31 10.03 

MNFC suspensions properties 

Enzymatic 
treatment time 

/ min 

WRV 
 

/ cm3g-1 

DDJ fines 
value 
/ % 

0 1.25 93.8 

30 1.61 88.8 

60 1.83 79.5 

90 2.19 62.4 

120 2.55 27.0 

150 2.85 21.0 

180 2.98 11.8 

210 3.33 9.6 

240 3.37 6.5 

270 3.32 1.5 

300 3.34 0.2 
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Results from Fig. 7 reveal that with the increase in 
enzymatic treatment of the raw material pulp, there 
is a reduction of total FSE in the corresponding 
MNFC films, corresponding with a reduction in both 
polar and dispersive energy of the untreated samples 
(green and blue unfilled symbols, respectively) [15, 
16]. A reversal of the decline in FSE as a function of 
enzymatic treatment can be observed resulting from 
nitrogen plasma treatment, showing compensating 
increases in both polar and dispersive measured 
components (green and blue filled symbols, 
respectively). Thus, an increase in wettability for 
water and n-hexadecane is reflected by a decrease in 
CA as the plasma treatment acts on the more 
crystalline samples [17-19]. However, as the 
roughness is also seen to increase as a function of 
plasma treatment for the lower crystalline samples 
(less exposure to enzymatic breakdown), one would 
expect from the Wenzel model that the wettability 
would increase. That we see a recorded increase in 
n-hexadecane CA, and thus decrease in dispersive 
FSE, we can conclude that the action of the plasma 
discharge on the amorphous part is initially to 
reduce the dispersive energy component, and so 
likely act, at least partially, to breakdown first the 
amorphous content resulting in debonding and hence 
roughening [20-22]. This effective etching of 
amorphous parts of fibrils, is then replaced by the 
action of nitrogen attachment, such that the higher 
average FSE values regained in the more crystalline 
samples after plasma treatment are significantly 
higher than the theoretical FSE 59.4 mJ.m-2 of 
cellulose, and this is achieved via the major 
contribution of the plasma-induced increase in polar 
component. 

The increased contribution of the polar component 
in the FSE donated by the cationic N adsorption 
under plasma exposure is, therefore, expected to 
enhance the compatibility with the application of 
highly polar inks, especially if their components are 
anionic. The images in Fig. 8 confirm this 
expectation, where the improved wetting of the 
surface by water as a function of plasma exposure 
time is paralleled by the greater pick-up of ink 
colorant.  
 

  
Fig. 8 IP ink printed on MNFC/300/ film showing 
the dependence on wettability of the surface after 

nitrogen plasma treatment; lower water droplet CA 
on the film corresponds with a significant increase in 
print colour density: (a) untreated film, (b) plasma 
treated for 30 s and (c) plasma treated for 60 s.  

SUMMARY AND CONCLUSIONS 

Micro nanofibrillated cellulose films formed from 
aqueous suspension can be made stronger by 
pretreatment of the raw fibre using enzymatic 
hydrolysis. However, the wettability by ionic 
liquids, including functional inkjet printing inks, 
such as are used for printed electronics, solar cells 
etc., decreases as a result, limiting the use of such 
films in practice. Nitrogen plasma treatment, 
however, enables wettability by such formulations to 
be improved. The mechanism by which this occurs 
has been studied in this work presented in this paper 
and the following conclusions can be drawn: 
  

 Total surface energy increases with 
nitrogen plasma treatment of highly 
enzymatically hydrolysed fibrillar films 
(contact angle decreases), with a major 
increase in the polar component. 

 
 Dispersive surface energy initially 

decreases on unpretreated or low enzymatic 
treated films on exposure to nitrogen 
plasma, whereas the polar surface energy 
component remains relatively unchanged. 

o This effect is related to the 
interaction of the nitrogen plasma 
with the amorphous cellulose 
component in the non-hydrolysed 
fibrils. 

o The dispersive energy component 
can once again be increased by 
exposure to nitrogen plasma in the 
case of the more crystalline 
fibrillar material derived from 
increased hydrolysis via enzymatic 
pretreatment  

 

 Highly ionic liquids, water and solvents 
typically used to disperse surfactant-
containing organic-based inks, wet MNFC 
film better as hydrolysing pretreatment of 
fibres is increased and subsequent nitrogen 
plasma is applied. 
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Table 1 – Summary of the problems encountered. 
 Problem 

Men Self-monitoring tasks not 
normalized. 
Insufficient number of workers in the 
final inspection workstation.  

 
 

Method 

Production parameters not 
normalized.  
Excel file for internal claims not 
normalized.  
Document for the verification of first 
piece OK and periodic control not 
normalized. 

 
Materials 

Calipers used are not adequate to 
measure drilling.  
There are several non-conformities in 
the area due to the lack of material to 
verify the parts during self-
monitoring. 

Machine The equipment used to segregate 
quality defects is fallible.  
High quantity of detached edge and 
wrong drilling. 

Management Lack of work instructions. 
 

Measurement 
Information given to workers is 
difficult to understand (filling in the 
paper for first piece OK and periodic 
control and technical drawings).  

Environment Workers unsatisfied with 
environment conditions (room 
temperature and noise) 

 
2. METHODOLOGY 
The research methodology used was the method 
action research, characterized by the application of 
theory to practice and that learns with the process to 
improve the theory [10]. The main idea of this 
methodology consists on using a scientific approach 
to solve important operational problems, together 
with those that directly experience these problems 
[11]. 
Following the logic of the methodology, all the non-
conformities, caused both by the workers and by the 
process, were initially analysed with the aim of 
establishing goals to reduce the frequency of non-
conformities and, later, the implementation of self-
monitoring procedures.  
In a subsequent phase, all the tasks executed during 
the inspection tests, i.e. during self-monitoring, were 
analysed. This analysis was crucial because it 
allowed the registration of the time spent to 
complete the production cycle (takt time), the time 
spent on each task, the identification of all the 
manufactured products and the verification of the 
work tools being used in each task, as well as how 
they were being used. 
This data was obtained through the use of quality 
tools, such as: Pareto diagram, flowchart, and cause-
effect diagram and verification sheets. 

This analysis also allowed for a better understanding 
of the different ways of executing the same tasks, 
and, later, deciding which was the best way. 
Therefore, a very thorough analysis of the best 
sequence of tasks was made in order to make a 
combination of sequence of tasks and their times, 
defining alternatives to the current method in use. 
When the plan of action was thoroughly planned and 
accepted, it was time to implement the 
improvements. 
For most of the problems identified in Table 1, 
improvement proposals were presented, as seen in 
Table 2.  
 

Table 2- Summary of the proposals for the improvement 
of the problems identified.  

Problems Proposed improvements 
- Self-monitoring tasks 
not normalized. 
- Insufficient number of 
workers in the final 
inspection workstation. 
 

- Self-monitoring tasks 
normalized through the 
filming of workers of 
different shifts, study of times 
and movements made by the 
workers. 
- Increase in the number of 
works in the final inspection 
workstation. 

- Excel file for internal 
claims not normalized. 
- Document for the 
verification of first 
piece OK and periodic 
control not 
normalized. 

 

- Creation of a new Excel file 
with only the necessary fields 
for the analysis of data of 
internal claims 
- Alteration of the document 
(modification of the layout 
and custom preparation of the 
document per workstation) 

- Callipers used are 
not adequate to 
measure drilling.  
- There are several 
non-conformities in 
the area due to the 
lack of material to 
verify the parts during 
self-monitoring. 

- Implementation of self-
monitoring procedures: 
 Introduction of a new 

callipers with a longer 
range and less 
variability/error 

 Introduction of gauges 

- Lack of work 
instructions. 

Creation of 45 work 
instructions in the areas of 
self-monitoring 

- Information given to 
workers is difficult to 
understand (filling in 
the paper for first 
piece OK and periodic 
control and technical 
drawings). 

- Alteration of verification 
sheet for first piece OK and 
periodic control 

 
It should be mentioned that of all the suggestions for 
improvement that were presented and implemented, 
the one with the most importance for the company 
was the drafting of work instructions that will be 
used as support for the execution of tasks. 
For the preparation of the work instructions it was 
necessary to acquire all the detailed knowledge of 
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the production process and the tasks associated with 
it. For this, it was decided to interview all the 
operators of different shifts. After all the information 
collected was passed to the preparation of working 
instructions. For the elaboration of the work 
instructions, the company had two templates, the 
Standard Operation Sheet (SOS) and the Work 
Element Sheet (WES). The SOS details the exact 
procedures for each task and the time required to 
accomplish it and the WES serves to detail some 
specific activity described in SOS. Thus, for a better 
understanding of the elaborated working 
instructions, figure 4 illustrates the SOS created for 
the self-control performed in the first piece OK and 
figure 5 illustrates the WES created  for the activities 
that needed to be detailed in SOS. 

 
Figure 4 - SOS: Self-control of the first piece OK 
 

 Figure 5 - WES: Self-control of the first piece OK. 
 
3. CONCLUSIONS 
Throughout this project, the main goal was the 
implementation of self-monitoring and 
standardization procedures and their respective 
documentation. To understand the possible causes 
for the problems previously identified, it was 
necessary to study in detail the production system. 
Besides this, it was equally crucial to understand the 

area flows, both for material and for people. As 
such, the project started with daily interviews to the 
workers of the study area. Then, all the different 
ways of executing a task were compared and the 
data relating to the self-monitoring task was 
gathered. This way, several problems were 
identified, as well as some opportunities for 
improvement, which were used as a foundation to 
normalize all the tasks. Thus, a few improvement 
proposals were presented which consisted mainly on 
the elaboration of work instructions. 45 self-
monitoring work instructions were drafted, however, 
it was not possible to predict the impact of the work 
carried out because this would require a very slow 
and arduous process. The implementation of this 
kind of instructions is almost always difficult 
because the workers seem reluctant to learn new 
tasks. It should still be noted that all the work 
performed is very much dependent on the company 
goals and the problems they wish to tackle first. It is 
crucial to get the workers more involved in a culture 
of continuous improvement, considering that 
improvement is a never-ending process and one 
should always try to improve what has already been 
done.  
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Table 1. A part of experimental trials and results 
Trial 
no. 

Winding 
tension 

Winding 
speed 

AVG SD SN ratio 

1 170 600 110.800 0.061 452.088 
2 170 650 111.267 0.059 455.701 
… 170 700 111.033 0.081 427.577 
9 230 700 112.767 0.127 389.395 
 

The resistance belongs to the nominal-the-best 
(NTB) type since the goal is to achieve the target 

(nominal) value. The SN ratio for NTB 
characteristic is [4]: 

NTBfor
y

ratioSN .)...log(10.
2

2
  (1)

 
where y is average value, and σ is standard deviation 

of the characteristic.  
ANOVA showed that both factors are significant for 
SD and SN ratio, and Winding tension is significant 
for AVG. Fig. 3 shows the control factors’ effects on 
SN ratio of the transformers resistance.

 

 
Fig.2: I-MR control chart for the transformer resistance (product type VexL-24), before process improvement 
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Fig.4: I-MR control chart for the transformer resistance (product type VexL-24), after process improvement  

 
Fig. 3:  Main effect of control factors on SN ratio 
 

Aiming to achieve the target resistance value and 
minimise variation, i.e. to maximise SN ratio, the 
following setting was selected as optimal: Winding 
tension = 170 gf, Winding speed = 650 rpm. The 
verification run was performed using the optimal 
setting and six transformers were produced: the 
resistance ranged from 11.03 kΩ to 11.15 kΩ; the 
average value was 11.1 kΩ which is close to the 
target, and SD was 0.05 showing significantly 
reduced variability. Hence, the optimal process 
setting was adopted for a long-run production. 
 
2.3. Process monitoring and control 
The effect of the optimal process parameters setting 
on the transformers resistance was monitored using 
I-MR chart over one month time period (Fig.4):  

• The process is still well centred, and the 
variation is notably reduced: from SD=0.228 to 
SD=0.064.  

• There are no points out of specification limits. 
• Process capability and performance indices are 

significantly improved: from Cpk=1.112 and 
Ppk=0.791 before process improvement, to 
Cpk=3.936 and Ppk=2.732 after improvement. 

Hence, experimental results are confirmed not only 
on a short verification run, but also on a long-run. A 
very capable and high performance High Voltage 
Coil Winding process was established, satisfying a 
long-term criterion for Six Sigma level (Ppk > 2.0) 
[2]. The cost of poor quality (COPQ), caused by a 
high variability of transformers resistance, could be 
expressed by the quadratic quality loss function [4]: 

NTBformy
n

n
KyQL ..)...)(.

1
()( 22 


   (2) 

where QL(y) is the average loss per unit due to 
deviation of the characteristic y from the target m; K 
is the coefficient, and n is the sample size. After 
process optimisation, a significant QL(y) (y is the 
transformers resistance) reduction of almost 30% 
was achieved. Following a well-established practice 
for Six Sigma results sustainability [7], the 
improvement was institutionalised and on-line 
process documentation was updated, i.e. all 
documents related to the process were automatically 
updated in MES, total productive maintenance 
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(TPM) and quality assurance (QA) information 
systems. 
 
3. CONCLUSIONS 
In a quest for zero defect manufacturing, Six Sigma 
is still the major world-wide used methodology, 
especially in a manufacturing sector, and SPC and 
DoE are its main techniques. This study presented a 
successful and comprehensive implementation of 
SPC program, including development of SPC 
software that was used to analyse the current and the 
improved process capability and performance. The 
process improvement was achieved by DoE, 
resulting in a significant variability decrease and 
establishing the robust process (within the robust 
operating range). The achieved process capability 
and performance indices exceed Six Sigma 
requirements.  
The future activities will include optimisation of 
complex multi-response processes using an 
advanced methodology [8], as well as research on 
the in-line process optimisation for dynamic 
processes and its integration with SPC in a unified 
on-line system.  
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developed in different mathematical and logical 
frameworks, so there is no need to compare them.  
On the other hand, the location selection problem 
could be presented as p-median optimization 
problem. It could be characterized as NP-hard class 
of problems. For large-scale NP-hard problems 
optimal solution may be obtained by applying the 
heuristic methods, such as genetic algorithm (GA) 
[5], or variable neighborhood search (VNS) [6]. 
Those solutions are characterized by reasonable 
computational time consumption. 
The main contribution of this paper may be defined 
as: (a) describing the considered problem in a 
realistic manner, as p-median optimization problem, 
and (b) solving of the considered problem by using 
modern meta-heuristic techniques for instance GA. 
The proposed model is suitable for evaluation and 
selection of locations in reverse logistic domain. 
 
2. LITERATURE REVIEW 
Managing quality in contemporary organizations 
include every aspect of business and every day 
operations. Assessing the locations where recycling 
centers could be built is based on the assessment of 
the possible locations’ attributes. Determining the 
attribute value at the level of each location can be 
viewed as a task for itself. It should be noted that 
there are no procedures or databases in which the 
measured or estimated values of the attributes 
according to which the locations are evaluated are 
found. It is known, that location selection may be 
observed as multi-attribute decision making 
problem. Multi-attribute approach for considered 
problem calculations is a significant tool. However, 
when the problem is of large scale, this approach is 
not appropriate because it requires a lot of 
computation time. 
Many problems such as the optimal route selection 
in various cases of routing issues [7] - [9], different 
waste management problems [10], [11] are solved 
by the exact algorithms, which include branch and 
border algorithms [12] and branch and cut-out 
algorithms [13], heuristic [14] and metaheuristic 
methods [15], for example VNS [6], and GA [8]. 
GA as a heuristic method is very suitable for this 
kind of problem, since it has been applied to any 
problem if the feasible solutions may be represented 
as strings that correspond to genetic encoding of the 
solutions. The waste collection issue may be 
considered as an important issue in the recycling 
process [16]. McLeod and Cherrett [17] claim that 
effective strategies for waste collection are not only 
vital from an economic standpoint, but also from the 

standpoint of environmental protection due to 
reduced emission of pollutants. A common approach 
is to model waste collection as vehicle routing 
problem (VRP) [18], [19]. In theory and in practice 
it is shown that the stochastic variant of VRP could 
be employed [20]. While analyzing optimization, it 
is worth to mention that the amount of waste in 
containers is of high variability. This fact represent a 
constraint having in mind that the optimization 
method is a method of routing nodes, where each 
node represents the position of the container from 
which waste should be collected but it does not take 
in account the amount of stored waste. Another form 
of a more complex vehicle routing problem VRP, 
which is used for the collection of waste, is VRP 
with time windows (TWVRP). Time windows 
include stopping for breaks and stopping for waste 
loading. This type of problem can be solved by an 
algorithm based on a cluster [19]. It is known that 
60% to 80% of the total cost is spent during the 
process of garbage collection so waste collection 
effectiveness can be considered as very serious issue 
[21]. In order to solve this issue, the authors have 
used already mentioned ant colony algorithm 
(ACA), where ants (trucks) are trying to find the 
most optimal route for a given set of containers’ 
locations. The process’ starting point is the creation 
of initial random cycling through the whole area of 
waste collection, and the leaving of a pheromone 
trace in the form of the intensity of the found 
solutions expressed in units of measurement of 
length. The route with the highest pheromone 
density is a route that will most likely be followed 
by other artificial ants in order to find a better route. 
All variables of basic p-median are considered to be 
deterministic [22]. However, the real problems are 
faced with data that are dynamic. Therefore, a large 
number of approaches are focused on solving this 
and similar problems [23].  
In this paper, possible solution may be achieved if 
the p-median model is used to present possible 
locations of recycling centers, alongside with GA 
optimization method applied to determine optimal 
location selection. 
 
3. THE PROPOSED GA MODEL 
In this paper, the problem of determining possible 
locations for recycling centers construction is 
considered. The number of possible I locations is 
considered, from which K number of locations 
should be selected for recycling centers building. 
Possible locations for recycling centers is set of 
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considered indices I= I,..,i,...,1 . The set of indices 

of possible locations selected as p-median on which 

recycling centers could be built is K= K,..,k,...,1 , 

and it is a subset of I, K I. It should be mentioned, 
that there is assumption that the collection of waste, 
dismantling and recycling are realized at the same 
place. The proposed methodology is further 
discussed. 
The objective function of the proposed GA model is: 

ik
I,..,1i K,..,1k

ik Ydminmin  
 

  (1) 

The objective functions are stated as minimization of 
the total distance, between randomly selected 
locations for recycling center building and the other 
nearest locations that are not selected for recycling 
center building.  
The constraints insure that the various properties of 
the problem are enforced. 
Subject to: 





I,..,1i

ik ik;K,..,1kfor1Y   (2) 

ik;K,...,1k;I,...,1i,0XY iik   (3) 

ik;K,...,1k;I,...,1i,1,0Xi   (4) 

Specifically: 
(2) requires that each allocation variable i, i=1,…, I 
may be selected as a possible location variables k, 
k=1,…,K,  
(3) link the location variables and the allocation 
variables, and 

(4) ensure that the location variables (Y) and 
allocation variables(X) are binary.  
Decision variables are: 

 









not if 0

sitemedian    - p   as   selected islocation  a if 1
k  










not if 0

 ilocation         toconnected is  j location   a if 1
dmin ik

 
Inputs i = 1,…,I set of possible location which 
recycling center could be built on, and k=1,…, K – 
selected location on which recycling center could be 
built on, such that i, k, i≠k locations.  
 
4. THE ILLUSTRATIVE EXAMPLE 
The proposed model has been applied to determine 
optimal configuration of recycling centers in which 
end-of-life vehicles are recycled. In this paper, 15 
locations that are situated in the Republic of Serbia 
have been considered (Table 1).  
By applying defined GA near optimal solution is 
obtained and it is ordered triplet (k=1, k=4, k=9). 
The overall calculated optimal distance value 
between locations selected for recycling centers 
construction and other locations is 1020 kilometers. 
The optimal configuration of the recycling centers 
network in the Republic of Serbia is given in Figure 
1. 
 

 
Table 1: The distance values 

location 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
1 0 40 93 127 246 276 242 217 185 218 118 168 62 122 205 
2 40 0 128 124 271 318 243 264 213 225 146 228 89 120 132 
3 93 128 0 228 239 294 246 213 193 247 133 125 153 216 300 
4 127 124 228 0 265 261 217 255 204 164 169 245 90 65 113 
5 246 271 239 265 0 91 61 109 66 154 134 157 192 232 374 
6 276 318 294 261 91 0 55 179 125 122 158 230 203 239 384 
7 242 243 246 217 61 55 0 124 70 93 110 175 155 181 326 
8 217 264 213 255 109 179 124 0 79 205 130 97 189 229 371 
9 185 213 193 204 66 125 70 79 0 132 63 112 128 168 310 
10 218 225 247 164 154 122 93 205 132 0 114 236 157 102 290 
11 118 146 133 169 134 158 110 130 63 114 0 104 78 140 282 
12 168 228 125 245 157 230 175 97 112 236 104 0 156 246 388 
13 61.5 89 153 90 192 203 155 189 128 157 78 156 0 76 198 
14 122 120 216 65 232 239 181 229 168 102 140 246 76 0 174 
15 205 132 300 113 374 384 326 371 310 290 282 388 198 174 0 
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Figure 1: The optimal design of reverse logistic in 

Republic of Serbia 
 
On the presented figure, possible solution that can be 
accepted as optimal solution that respect to the 
criteria equally is presented. In fact, the recycling 
equipment that need to be installed is very efficient 
but expensive. Having in mind the mentioned facts, 
the optimal solution should provide such conditions 
that could enable increased level of recycling centers 
efficiency so the final consequence the recycling 
potential of the whole state should be improved. One 
of the indirect consequences is cost reduction of 
recycling. 
 
5. CONCLUSIONS 
Waste management at the state level is one of the 
most important problems for both governments and 
local -governments. Assessment and selection of 
locations where recycling centers should be built is a 
part of the waste management problem. Solving this 
problem may lead to the effective collection of 
waste, its recycling and recycling distribution. 
The considered problem can be viewed as a p - 
median problem. The optimal solution to this 
problem can be found by the heuristics method. In 
this paper authors used the GA method. The 
criterion is defined as the distance between the 
observed locations. GA is an appropriate heuristic 
method, since it allows the near optimal solution to 
be found in a short time of period, with the relatively 
small consumption of computation resources. 
Practical implications of the proposed model is 
addressing the possibility of increasing technological 
level of recycling which should improve overall 

efficiency of recycling centre and make impact on 
the recycling on the state level. 
Social implications of the proposed model is 
oriented to satisfaction of ISO 14001 standard 
demands’ in recycling centres and providing 
conditions for responsible usage of resources in 
industry. 
The main contribution of the paper is the proposal of 
the model for determination of recycling centers 
where new equipment will be installed.  
Based on the results of good practice, it is known 
that the selection of location may, in a long term 
period, depend on the traveling cost. In this paper, 
one criteria is considered, and this can be considered 
as the main disadvantage of the developed model. 
Future research should include the extension of the 
proposed model in terms of: 1) increasing the 
number of possible locations, 2) increasing the 
number of criteria, 3) determining and incorporating 
the relative importance of the criteria considered in 
the model, and 4) applying other heuristic methods 
and comparing the obtained results. 
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numbers (Bass, and Kwakernaak, (1977); Dubois 
and Prade, (1980). The ranking of recycling 
equipment is based on modified COPRAS method. 
The paper is organized in the following way. The 
proposed model and the proposed Algorithm are 
presented in Section 2. In Section 3, the proposed 
model is illustrated by an example with a real-life 
data. Conclusion is set in Section 4. 
 
2. METHODOLOGY 
The selection of recycling equipment is a problem 
that can be set as a multi-criteria decision making 
task. Criteria for assessing recycling equipment are 
formally presented as set  K,..,k,...,1 . The total 

number of criteria is denoted as K and k, k=1,..,K is 
index of criteria. As it is known, criteria can be 
benefit and cost type. Hence, set   is composed of 

two sub sets, so  '' K,..,k,...,1  and 

 K,..,k,...,1K '''  . Let the sub set 

 '' K,..,k,...,1 represents the set of benefit 

criteria which are employed for assessment of 

recycling equipment and 'K  is the total number of 
benefit criteria. Also, let the sub set 

 K,..,k,...,1K '''   represent set of cost criteria. 

the number and type of criteria is determined by the 
decision makers in compliance with their knowledge 
and evidence data. The total number of different 
recycling equipment is denoted as I. The set of 
recycling equipment which is treated is 

 I,..,i,...,1  and i, i=1,..,I is index of recycling 

equipment. The assessment of criteria weight is 
based on subjective opinion of decision makers. 
They articulate their opinions by using pre-defined 
linguistic expressions which are modelled by 
triangular fuzzy numbers (TFNs). The domains of 
these TFNs are defined on the common 
measurement scale (Saaty, 1990) in the following 
way: 

very low (VL) -  5.5,1,1;x , low (L) -  7,3,1;x , 

moderate (M) -  5.8,5,5.1;x , high (H) -  9,7,5;x , 

and very high (VH) -  9,9,5.4;x . 

It may be assumed that the decision makers form 
decision by consensus. The assessment of criteria 
weights and criteria values on the level of each type 
of recycling equipment is performed by decision 
makers who perform their decision in direct manner. 
 
The proposed Algorithm 
The proposed Algorithm is realized through the 
following steps: 

Step 1. The weight of each criteria k, k=1,..,K , 
~

k

as well as the value of criterion k for each type of 

recycling equipment i, i=1,.,,I, 
~

ik is assessed by 

decision makers which use one of five pre-defined 
linguistic expressions. 

Step 2. The degree of belief that a fuzzy number 
~

k  

is bigger than/equal to K fuzzy numbers 

K

~

k

~

1

~
,...,,...,  , (Bass, and Kwakernaak, 1977) is 

determined: 
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Weights vector is set as: 
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The normalized weights vector is: 

 Kk1 w...,,w...,,w  

is nonfuzzy number (Isiklar G. and Büyüközkan, 
2007; Paksoy, 2012). 
Step 3. Fuzzy rating of each type of recycling 

equipment i,  ikik,ik

~

ik u,ml , i=1,..,I, are 

normalized by using the linear normalization 
procedure (LIT): 
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Step 4. The weighted normalized fuzzy decision 

matrix 
IxK

~

ikd 







, whose elements are calculated 

according to fuzzy algebra rules (Dubois and Prade, 
1980), is calculated as: 

ik

~

kik

~
rwd   

Step 5. The aggregated value of alternative i, i=1,..,I 
with respect to all benebit criteria by using fuzzy 
algebra rules (Dubois and Prade, 1980) is 

determined as: 




'K

1k

ik
~

k

~

i rwP  

Step 6. The aggregated value of alternative i, i=1,..,I 
with respect to all cost criteria by using fuzzy 
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algebra rules (Dubois and Prade, 1980) is calculated 
as: 





K

1Kk
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Step 7. The relative value of each type of recycling 
equipment i, i=1,..,I is determined as: 
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According to fuzzy algebra rules (Dubois and Prade, 
1980) the obtained value is not TFN. In the same 

time, an assumption that the value I,..,1i,Q
~

i   may 

be described as TFN (Dubois and Prade, (1980)) 
with enough preciseness. 

Step 8. The maximum relative value max

~
Q is 

determined by using the method for comparison 
fuzzy numbers (Dubois and Prade, (1980). 
Step 9. The degree of efficiency of each type of 
recycling equipment is calculated: 

max

~
i

~
~

i

Q

Q
  

The degree of belief that one type of recycling 
equipment is better than the rest with respects to 
treated criteria is calculated 

  ''
ii

~
ii;I,..,1i,i,QQBel ' 








  according to 

procedure which is proposed in Bass, and 
Kwakernaak, (1977) and Dubois and Prade, (1980). 
Step 10. The rank of treated types of recycling 
equipment is determined according to the rank of 

TFNs, I,..,1i,
~

i  .  

Step 11. The decision about the selection of 
recycling equipment is performed by management 
team of recycling centre by respecting the obtained 
rank as well as calculated degrees of belief. 
 
3. ILLUSTRATIVE EXAMPLE 
The wide literature review has included the 
guidelines suggested by different recycling 
equipment manufacturers (Marathon, WESSCO and 
Caterpillar) and relevant surveys so chosen set of 
criteria is: Size of Waste (k=1), Recyclables (k=2), 
Safety Standards (different) (k=3), Power Source 
(different) (k=4), Convenience (k=5), Available 
Space (different) (k=6).  

The treated equipment is: mobile press (i=1), oil 
recycling device (i=2), the shredder for cables (i=3). 
Fuzzy rating of the relative importance of evaluation 
criteria (Table 1) are: M, VH, H, VL, L, and H, 
respectively (Step 1 of the proposed Algorithm). 
Table 1 - Fuzzy rating of the relative importance of 

evaluation criteria 

 K=1 K=2 K=3 K=4 K=5 K=6 
i=1 L L M L H VL
i=2 M VL L L M M
i=3 H VL M L L VH 
 
By using the proposed Algorithm (Step 2 to Step 3 ), 
the weights vector is calculated and it can be 
presented as: 

 1,692.0,500.0,294.0,062.0Wp   
The normalized weights vector is: 

 392.0,272.0,196.0,115.0,025.0  
The weighted normalized fuzzy decision matrix is 
presented in Table 2 (Step 3 to Step 4 of the 
proposed Algorithm). 
Table 2 - The weighted normalized fuzzy decision 
matrix 

 k=1 max k=2 max 
i=1 (0.022,0.065,0.152) (0.044,0.131,0.305) 

i=2 (0.033,0.109,0.185) (0.044,0.065,0.218) 

i=3 (0.109,0.152,0.196) (0.044,0.065,0.218) 

 k=3 max k=4 max 
i=1 (0.045,0.151,0.257) (0.003,0.008,0.019) 

i=2 (0.030,0.091,0.212) (0.003,0.008,0.019) 

i=3 (0.045,0.151,0.257) (0.003,0.008,0.019) 

 k=5 max k=6 min 

 (0.064,0.089,0.115) (0.054,0.181,0.272) 

 (0.019,0.064,0.109) (0.032,0.054,0.181) 

 (0.013,0.038,0.089) (0.030,0.030,0.061) 

 
The aggregated value of recycling equipment i, 
i=1,..,I with respect to all benefit criteria (Step 5 of 
the proposed Algorithm) is determined. The 
developed procedure is illustrated by example: 

 848.0,444.0,178.0P
~

1   

)819.0,337.0,129.0(P
~

2  )886.0,414.0,214.0(P
~

3   

The aggregated value of recycling equioment i, 
i=1,..,I with respect to all cost criteria are (Step 6 of 
the proposed Algorithm): 

 1,0.2720.054,0.18R
~

1  54,0.181)(0.032,0.0R
~

2 

30,0.061)(0.030,0.0R
~

3   
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The relative value of the each recycling equipment i, 
i=1,..,I is calculated by using the proposed procedure 
(Step 7 of the proposed Algorithm): 

 218.2,444.1,189.0Q
~

1    843.1,391.0,135.0Q
~

2   

 010.1,444.0,229.0Q
~

3   

The greatest relative value of recycling equipment 

max

~
Q  is obtained by using the proposed Algorithm 

(Step 8), so that: 1

~

max

~
QQ   

By using the proposed Algorithm (Step 9 to Step 
11), the value of efficiency coefficient, degrees of 
belief and rank of the considered recycling 
equipment are given and presented in Table 3. 
 
Table 3 - Efficiency coefficient, degree of belief and 
rank 

 ~

i  

Degree of 
belief 

Rank 

i=1 (0.085,1.00,11.735) 1 1 
i=2 (0.061, 0.271, 

9.751) 
0.929 2 

i=3 (0.103,0.307,5.344) 0.884 3 
 
On the basis of the obtained results it can be clearly 
concluded that the most suitable type of equipment 
is mobile press (i=1). At the second place in rank, 
there is oil recycling device (i=2). At the last place 
in rank, there is shredder for cables (i=3). 
Respecting the calculated value of degrees of belief 
measures, it can be said that it is impossible to make 
a clear difference which type of recycling equipment 
is dominantly better than others. From the 
perspective of decision-makers, this result shows 
that decision makers should purchase all three 
devices simultaneously or evaluate them according 
to additional criteria. 
 
4. CONCLUSIONS 
This paper investigates the issue of selection of 
appropriate equipment for recycling. This is one of 
the most significant issues in the activities of reverse 
logistics entities due to complex processes and a 
certain level of uncertainty associated with recycling 
centers and market demands. 
The main contribution of this paper is represents the 
ranking of recycling equipment based on modified 
COPRAS method. 
The main constraints of the proposed model are 
associated with the need of expert team and their 
relevant knowledge in recycling. 

The future research should include testing of the 
model in different recycling centers and comparative 
analysis of obtained results so the proposed model 
could be verified. 
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technologies) or service where success is very 
uncertain. 
The reasons for entering the uncertain business and 
entrepreneurship are numerous, among others: loss 
of work, desire for its own business, perceiving 
business opportunities, improving social status, etc. 
[2]. 
According to the analysis of the Ministry of Finance 
and Economy of the Republic of Serbia, the biggest 
problem is their financing and this is very important 
thing to be looked into while establishing. Namely, 
classic firms would take a loan from a bank, based 
on some business plan, and this loan would be 
approved by the bank only if the very idea is 
something that is very traditional and secure. Start-
up companies are funded by investments that do not 
have to return to the investor, and this is the 
fundamental difference. In practice, it means that 
someone invests such idea even a few hundred 
thousand euros (in a developed world, this number 
can approach millions), and if the firm fails, this 
companies owe nothing to anyone. 
In Serbia, the problem is that almost two-thirds of 
the startup funds are financed from their own funds, 
and half of the lending companies have difficulties 
or are late with repayments to cover these loans, also 
in the aim of success of startup companies, the 
biggest constraints relate to great competition, low 
demand and monopoly. 
 
4. CRITICAL SUCCESS FACTORS IN 
STARTUP TECHNOLOGY DEVELOPMENT 
PROJECTS 
Critical success factors usually vary from project to 
project implemented in such startups because, for 
example, a critical factor for the development of 
computer software can be qualified staff, and a 
critical factor for a project that has team members in 
different locations can be communication. 
From the perspective of the project management, 
Critical Factors of Success (CFS) are characteristics, 
conditions or variables that can have a significant 
impact on the success of a project that is starting up 
in this way for companies. 
Literature on success factors of new firms put 
forward especially two critical factors success [3]: 
human capital of the entrepreneur and the initial 
organizational setup of the new firm.  
According to them number of variables are used to 
explain the impact of human capital of the 
entrepreneur (motivation and entrepreneurial 
orientation, general human capital, working 
experience, preparation and pre-founding activities). 

A number of studies have developed “trait models” 
and link the success of new firms to personality 
characteristics of the entrepreneur, as strong 
motivation for example ([4]-[6]). While on the other 
side organizational characteristics are another 
explanation for differences between successful firms 
and failures. The initial organizational setup should 
have a strong impact on the sustainability of start-
ups, especially in the initial stages of product 
realization or service that this company wants to 
provide [7]. 
Most authors in literature emphasize the importance 
of financing and firm size [8-10]. 
 
4.1 UNCERTAINTY IN BUSINESS OF START 
UPS 
According to Western standards, the Serbian startups 
as well as IT industry looks very modest. It is 
characterized by a large number of micro enterprises 
without significant financial strength, insufficient 
technological knowledge and managerial experience. 
All these factors entail a certain amount of 
uncertainty in the business that is of a largely 
financial nature. 
Uncertainty itself is a natural part of any business 
and it is defined as a state of limited knowledge 
where it is not possible to know the future outcome. 
It represents a lack of predictability and can lead to 
both positive and negative outcomes. In other words, 
uncertainty does not always lead to risk because 
sometimes it is possible to lead to very favorable 
opportunities through the company's risks. 
But when a risk arises, managing such a risk is a 
process for systematic identification, evaluation, and 
mitigation in order to improve the likelihood of a 
company's success. 
 
4.2 EXPOSURE OF PROJECT REALIZATION  
In the scope of technology development, any 
product or service that the startup potentially wants 
to provide is a project for itself. Simply speaking, 
the project may be seen as a combination of human 
and material resources used over a limited period of 
time to meet the set goals. All executing projects are 
susceptible to factors that may lead to uncertainty 
and, therefore, to potential risks. Therefore, their 
impact must be monitored, analyzed, documented 
and controlled. 
In this area of management, a procedural approach is 
defined by standards such as BS 6079-2: 2000, BS 
6079-3 [11],[12]. This standard describes the risk 
management process as the basis for any 
organization, regardless of size or sector of activity. 
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BS 6079-3 defines good practice for the above: risk 
identification, risk analysis, assessment and control. 
It consists of 7 risk groups, among which there is a 
group of risks that are related to economic and 
financial factors that represent the most critical link 
in the startup business in the Republic of Serbia. 
These economic and financial factors are shown in 
Annex E of this standard and are as follows: 

 Exchange rate fluctuation  

 Interest rate instability 

 Inflation 

 Shortage of working capital 

 Failure to meet revenue targets 
In the implementation of the project it goes through 
many phases. Each phase is separate from the 
previous one and has its own defined goals, but very 
often they are overlapping depending on the type of 
project. This undoubtedly derives from the 
complexity of the realization, and the management 
process gets on its complexity, while the possibility 
of the occurrence of uncertainty exponentially 
increases. According to the PMI PMBOK (Project 
Management Institute - Project Management Body 
of Knowledge) [13] project management model, 
there are five phases: 

 Project conception and initiation 

 Project definition and planning 

 Project launch or execution 

 Project performance and control 

 Project closure 
Each of these risk factors affects the implementation 
of the project through each of these phases, but 
practice has shown that the early concept and 
initiation of the project is the most critical for the 
realization of projects in companies of this size for 
the simple reason that there is no economic stability 
of the company itself in these early stages of 
realization. 
 
5. MODEL OF RISK EXPOSURE 
Exposure to risk by definition is the quantified 
potential for loss of business.  
It is usually calculated by multiplying the probability 
of an incident that occurs. This factor is one of the 
most important risk assessment metrics. 
In the literature, according to many authors, the 
company's exposure to risks is calculated as follows: 

ܧܴ ൌ ܴܲ  ܫܴ െ ሺܴ ∗  ሻܫܴ
In the given equation: RE - (Risk exposure) is 
defined as the total exposure of a company to a risk; 
ܴܲ  – (Risk probability) the likelihood of risk 
occurrence (represents a number on a scale of 0 to 1, 

which means that for a value of 0 there is no 
likelihood that the risk will occur while the value 1 
assumes that the risk is definitely going on); ܴܫ  – 
(Risk impact) represents the overall risk impact (this 
value also varies in the scale from 0 to 1, which 
means that the risk does not have an impact on the 
project, while value 1 represents the indicator of the 
greatest impact of the risk on the project). 
It is important to note that the overall risk exposure 
is also obtained on a scale of 0 and 1. Value 0 means 
that the risk is not critical at all and should not be 
managed, while 1 means that the risk is very critical. 
The problem lies in the fact that project exposure to 
risks can be viewed in a different way because there 
are many more factors that influence the risks 
themselves in relation to the likelihood of risk 
occurrence and its impact. 
In the observed problem, there are many inaccurate 
and uncertain data values that are related to the 
mentioned elements. Bearing this in mind, it seems 
to be more realistic to use linguistic variables [14] 
instead of precise values for describing the problem. 
These uncertainties were modeled using the theory 
of the fuzzy of sets [15]. The fuzzy-set theory is a 
suitable mathematical tool whose application makes 
it possible to quantify easily the introduction of 
linguistic expressions [14]. 
The simplest form of this approach and also the most 
used form in the modeling of uncertainties that exist 
in the management of problems is triangular. 
The scale of linguistic expressions for the 
assessment of exposure of risk in this problem looks 

like this: Very small exposure - an estimate ෨ܴଵ ൌ
ሺ0, 0, 0.25ሻ ; Small exposure - estimate ෨ܴଶ ൌ
ሺ0.1, 0.3, 0.5ሻ ; Medium exposure - estimate ෨ܴଷ ൌ
ሺ0.3, 0.5, 0.7ሻ ; High exposure - estimate ෨ܴସ	 ൌ
ሺ0.5, 0.7, 0.9ሻ ; Very high exposure - estimate 
෨ܴହ ൌ ሺ0.75, 1, 1ሻ  
The assessment of the exposure of these risks to 
each phase is assessed linguistically and this 
assessment is provided by an external expert team 
since startup companies do not have enough 
experience to provide estimates of these factors. An 
external expert team give their grades by using 
linguistic expressions rather than precise numbers 
because this approach is closer to the human way of 
thinking, and then with such estimates are inputs of 
the mathematical model: 
Step 1. The fuzzy evaluation of each phase of the 
project, f = 1, ..., F at the level of each risk, r = 1, ..., 
R is obtained from each member of the management 
team, k = 1, ..., K, 
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only the entry side diameter is closer to nominal 
value. Spatter area is also small. It could be noticed 
that there is no characteristic that is the best, i.e. that 
the analysed characteristic is the closest to the 
required value, but all together, overall, make the 
hole with the best geometrical and metallurgical 
characteristics.  
Comparing to the characteristics of the other holes, 
the hole drilled by optimised parameters has value of 
diameter up to 5.52% closer to the nominal, value of 
the circularity up to 13% closer to the one. The 
amount of spatter around the holes drilled by the 
non-optimised parameters in this experiment is up to 
125% greater than the amount of spatter around the 
optimised hole.  
Taking in account the above mentioned 
considerations, the laser drilling process gave 
satisfactory results. The spatter can be subsequently 
removed by light polishing using a coarse emery 
paper. From the above discussion, it can be 
concluded that the application of the proposed 
strategy was successful for the design of a robust 
Nd:YAG laser drilling process of Ni-based 
superalloy, with respect to the specific requirements 
for seven quality characteristics of the drilled holes.  
In the second experiment, Np = 14 bar; f = 0.5 mm 
in front of the material; P = 2034 kW; v = 4000 
mm/min was adopted as the optimal setting of the 
laser cutting parameters in processing Nimonic 263 
sheets. The PSO algorithm with the fastest 
convergence is adopted as the best one. The 
confirmation run was performed using the optimal 
solution, and the microstructural characterisation of 
the cut has been performed. These findings were 
compared with the cut microstructure characteristics 
obtained by the non-optimised laser cutting 
parameters.  
Figures 2a and 2b present the surfaces taken by 
optical microscope after laser cutting process before 
and after optimisation, respectively. 
 

 
Figures 2a. Surface of laser cut obtained by non-

optimal parameters; 

 
Figure 2b.  Surface of laser cut obtained by optimal 
parameters. Taken by optical microscope. 
 
Figure 2a shows the microstructure obtained by non-
optimised parameters: Np = 8 bar; f = on the bottom 
of a material; P = 2100 kW; v = 4000 mm/min. It 
can be noticed that flow pattern of striation has two 
different zones. From the top of the cut edge to 
approximately 1.6 mm penetration depth, cutting 
zone is smother and striations are straight and 
parallel. At the second zone, the striations become 
irregular, non-parallel, with no clear direction. 
Figure 2b shows the structure after the optimisation. 
It is noticeable that striations are almost parallel, and 
straight along the whole cutting area. Almost no 
dross or adhered material was observed. 
The optimised parameters of laser cutting process 
provided uniform structure with narrow and edge 
parallel kerf, similarity in processing geometry, high 
edge quality and minimum waste of material. 
The optimised parameters provided up to 50% lower 
kerf deviation and kerf taper compared to the kerf 
deviations and tapers obtained in this experiment by 
the others non-optimised parameters. Kerf deviation 
obtained by optimised parameters is second lowest 
deviation obtained in this experiment, while kerf 
taper on third place. The optimised parameters 
provided the best results for the average roughness, 
i.e. the lowest average roughness and root mean 
square in this experiment. The obtained results for 
average roughness and root mean square, compared 
to the other results, reaching up to 62% of the 
roughness and root mean square of the cuts obtained 
by non-optimised parameters. The grate (G) has 
occurred, neither beneath the treated area nor 
anywhere around the area. Hence, the observed 
responses are significantly improved by using the 
optimise laser cutting parameters, some of them 
(kerf deviation) improved even for 200%, as it can 
be seen comparing results with the experimental 
results. 
 
 

b

a 

b 
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Figure 3. Micrograph of laser cut surface obtained a) 
by nonoptimal parameters; b) by optimal parameters. 
SEM. The bars in upper left corners denote 20 µm. 
 
Figure 3a presents the microstructure obtained by 
the non-optimised laser cutting parameters. From the 
micrograph in Figure 3a a few microcracks and a 
few unwanted phases are noticed. The grain 
boundaries started to segregate. This structure is 
suitable for local stress concentration, and 
consequently for the cracks initiation. Figure 3b 
shows the cut surface after optimisation. The cut 
surface is homogeneous, there are no microcracks 
and the cut face is smooth. In both, Figures 3a and 
3b the twinned grains are noticed, due to the laser 
interaction on the material.  
The implementation of the proposed PSO-based 
methodology shows very good results in optimising 
laser cutting of Nimonic 263 alloy sheets. 
 
4. CONCLUSION 
In the present research, laser drilling and laser 
cutting of Ni based superalloy Nimonic 263 sheets 
and has been performed.  
The laser drilling parameters are optimised by an 
advanced design strategy to determine the optimal 
combination of process parameters to 
simultaneously meet the specification of seven 
quality characteristics of the drilled holes. The 
achieved results have proved satisfactory. The holes 
drilled by optimised parameters have good 
geometrical hole characteristics and favourable 
microstructural changes.  
The laser cutting process parameters is optimised by 
PSO-based methodology. Appling this methodology 
significantly improves the quality of Nimonic 263 

cut area and microstructure. The microstructure is 
more uniform compared to the cut obtained by a 
non-optimised laser beam. The surface 
characteristics of optimised holes are outperformed 
the surface characteristics of non-optimised up to 
200%. 
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where the level of risk is immediately noticed, but in 
the method it self encounters the problem of 
imprecision in determining the level of risk, due to 
the probability of two categories that are not clearly 
delimited. Such a rough estimation level is 
acceptable only for a quick and general risk 
assessment. Also, in mathematical terms, it is 
difficult to estimate the error here because the scale 
of values 0 - 10 is not constructed on equal parts. In 
addition, the likelihood that an injury or illness will 
occur is in this method unequal discretized to only 7 
values with very imprecise boundaries. [8] In 
searching for opportunities with more precise and 
better quality risk assessment than those offered by 
common used methods, which could include the 
possibility of evaluating more relevant parameters, 
the possibility of applying fuzzy logic in risk 
assessment for workplaces on machines has been 
recognized, which is described in this paper. 
 
2. METHODOLOGY 
Risk assessment is the basis for deciding what 
preventive measures need to be applied in order to 
eliminate or minimize the risk on workplace. 
Sometimes risk assessment has to be done 
immediately, on the spot, sometimes more times a 
day, if it’s needed. Risk assessment is carried out by 
competent and professionally qualified persons who 
possess specialized professional knowledge and 
skills, who are considered experts for this particular 
field. Expert services are not always quick and 
available at the right time, and require substation 
financial investment. [10] Also, certain criteria that 
are relevant to risk assessment on a single machine 
are not relevant to the other, and the assessment 
process is considered to be very complex. It can also 
happen that risk assessors have difficulty in 
subjective consideration of input elements in the 
assessment, as well as in the interpretation of the 
collected facts and knowledge, which diminishes the 
quality of the assessment. The ability of the software 
to reliably assess the risk by pre-determining the 
input elements and creating rules that will control 
the conclusion, which is determined by the expert (in 
this case, the expert in the field of occupational 
safety and health at work) has been recognized as 
significant quality in risk assessment, cost savings 
estimation and availability of a software solution.  
Artificial intelligence is a field of computing 
designed to create intelligent simulation software 
(they can conclude, provide answers to complex 
questions, make decisions, perform certain 
operations, simulate human thinking and knowledge, 
etc.). Expert system is a type of artificial intelligence 
- software that simulates the knowledge and 
experience of experts and solve a certain problem 
for the expert. Fuzzy logic was presented for the first 
time by Lotfi Zadeh in 1965 and at that time it 
gained a lot of attention. [9] This concept has 
enabled the application of knowledge of a 

phenomenon, problem, or system using the different 
values of variables. In complex systems, it is 
recognized that the more complexity of the system 
increases, the ability to describe its behavior is 
reduced. [10] Fuzzy logic controllers (FLCs) are 
used in the following cases: 
 the object or management problem is non-linear, 

 there are structural or non-structural uncertainties, 

 the mathematical model of an object is not known 
or is variable, 

 the management object is very complex. 
Unlike the binary logic that requires precise 
formulations such as true/false, it is/is not, black/ 
white, exists/does not exist, fuzzy logic gives a 
wider possibility in the inaccuracy of interpretation 
of concepts that are much more susceptible to the 
human brain and are more close to human 
understanding. Fuzzy logic is a concept that extends 
binary logic. For example, a person does not have to 
describe himself as being exclusively high or low. 
The membership of a fuzzy set is determined by 
several values of linguistic variables such as, for 
example, very low, low, medium high, high and 
extremely high. The theory of fuzzy sets as a term 
introduces a membership function that determines 
how much a particular element meets the 
requirement of belonging to a particular set. In the 
binary logic, this element has a value of 0 or 1, i.e. 
belongs or does not belong to the set. In fuzzy sets, 
the element can belong to a set at any value between 
0 and 1. [9].  
In creating the fuzzy logic controller for risk 
assessment on machines, a Fuzzy logic designer in 
Matlab can be used. The inference fuzzy system, 
Mamdani type, uses the min function as the 
implication, and the method is compatible with the 
"cutoff" method, see Figure 1. 
 

 
Figure 1: Fuzzy Logic Designer – Rule Viewer 

 
Creation of the Mamdani type of the fuzzy logical 
controller includes the following steps: 
1. Definition of input fuzzy variables (this implies 

the identification of input values, their number 
and linguistic terms, as well as ranges). 
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2. Definition of the output fuzzy variable (this 
implies the identification of the output, linguistic 
terms and range. Usually, there is one output). 

3. Definition of membership functions for each input 
and output value. 

4. Definition of the fuzzy of IF-THEN rules. 
5. Selection of the implementation method of the 

fuzzy logic operators and defuzzyfication 
method. 

 
First, the input fuzzy of the variable that must be 
measurable are formed. For example, this may be 
the number of injuries on the machine in the 
previous 3 years, or the noise of the machine, or the 

level of illumination at the workplace. Which and 
how many variables will be defined, are determined 
by experts. The Level of risk [%] was formed as the 
output element. The membership function must be 
specified for each linguistic value of the fuzzy 
variable. The linguistic values of the fuzzy controller 
are defined by the triangular membership function: 
 

ሻݔሺ݂݉݅ݎݐ ൌ ݔܽ݉ ቀ݉݅݊ ቀ
ݔ െ ܽ
ܾ െ ܽ

,
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ܿ െ ܾ

ቁ , 0ቁ 

 
Mamdani FLC uses multiple rules, meaning that in 
addition to n facts, there are m rules. 
 

premise 1: x1 is A01 , ... , xn is A0n 
premise 2: If (x1 is A11) and ... and (xn is An1) Then (y is B1) 
... 
premise m+1: If (x1 is A1m) and ... and (xn is Anm) Then (y is Bm) 
conclusion: y is B0 

The final conclusion B0 derived from the m rules is 
calculated as follows: 
 

ᇱܤ ൌራܤ
ᇱ



ୀଵ

 

 
Functioning of Mamdani FLC can be described by 
the following steps: 
1. Input fuzzyfication; 
2. Applying Fuzzy logic operator, inference 

conclusion for every rule by Mamdani 
implication; 

3. Output aggregation, forming a summary 
conclusion; 

4. Defuzzyfication. 

 
In the following example is shown the functioning 
of FLC which contains 6 input fuzzy variables and 
one output fuzzy variable – risk assessment. The 
input fuzzy variables are: frequency of 
hazard/harmful exposure, possible consequences - 
duration of sick leave because of injury/disease, 
frequency of previous injuries, application of 
preventive measures on the machine, compliance of 
machine with requirements of standards and 
technical conditions and working overtime on the 
machine. Changes in the values of the input 
variables have a different effect on the outcome of 
the risk. Examples are given in Table 1: 

 
Table1: FLC inputs 

n.o FREQUENCY 
OF 

EXPOSURE 

CONSEQUENCES FREQUENCY 
OF INJURIES 

PREVENTIVE COMPLIANCE OVERTIME RISK 

1. 0 0 0 100 100 0 0 
2. 49.79 57.45 6.702 100 100 13.72 23.5 
3. 95.74 164.7 12.45 100 100 29.04 50 
4. 95.74 164.7 12.45 0 0 29.04 65 
5. 195.3 180 30 51.09 100 30 50 
6. 360 180 30 51.09 100 30 50 
7. 195.3 340.9 27.77 46.74 52.13 14 74.5 
8. 360 360 30 0 0 30 99.5 

 
2.1 Discussion 
Variables preventive and compliance are inversely 
proportional to the risk. Other variables are directly 
proportional to the risk. The variable frequency of 
exposure in the combination of variable values 
which are shown under number 5 and 6, did not 
affect the level of risk at all, although its values are 
significantly different (195.3 and 360). Comparing 
the combination of variable values which are shown 
under number 2 and 7 can be seen that variable 
overtime has values 13.72 and 14 which are similar 
values, but the level of risk is significantly different 

(23.5 and 74.5), because of a significant difference 
in other values of variables. 
 
3. CONCLUSION 
By using FLC it make a connections between facts, 
which would be hard to see in circumstances with 
many data. The application of fuzzy logic in risk 
assessment for workplaces on machines would make 
it possible to reduce human error when assessing 
risk, implementing knowledge and experience of 
experts in software, interpreting large amounts of 
obscure data, and excluding subjectivity in risk 
assessment, thus achieving significant quality in risk 
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assessment. [1] Also, there is possibility for creating 
different fuzzy logic controllers for each different 
machine, which would make possible highly-
specialized risk assessment for workplace on a given 
machine. 
 
REFERENCES 
[1] Azadeh, A., Fam, I.M., Khoshnoud, M., 
Nikafrouz, M. Design and implementation of a fuzzy 
expert system for performance assessment of an 
integrated health, safety, environment (HSE) and 
ergonomics system: The case of a gas refinery, 
Information Sciences Volume 178, Issue 22, 2008., 
p. 4280-4300 
[2] Brtka V., Soft Computing, University of Novi 
Sad, Technical Faculty "Mihajlo Pupin", Zrenjanin, 
2013. 
[3] Gorzalczany M. B., Computational Intelligence 
Systems and Applications, J. Kacprzyk, Ed. Physica-
Verlag, 2002. 
[4] Health and Safety Law, "Official Gazette of RS”, 
No. 101/05. 91/2015. 
[5] Jocic N., Guide for the assessment and 
management of risk. Futura, Novi Sad, 2008. p. 96, 
115-116. 

[6] Kickert W. J. M. and Mamdani E.H., Analysis of 
a fuzzy logic controller, Fuzzy, Sets and Systems, 
vol. 1, pp. 29_44, 1978. 
[7] Lehder, Günter, Risk Assesment-Basic Principle 
of Operation of Securer Machines and Machinery in 
the European Union, Acta Mechanica Slovaca , 
2013, Vol. 17 Issue 2, p 24-29 
[8] Miletic I., Stojanov J., The use of probability in 
the process of risk assessment in safety and health at 
work, University of Novi Sad, Technical Faculty 
"Mihajlo Pupin", Zrenjanin, IV International 
Symposium Engineering Management and 
Competitiveness 2014 (EMC 2014) 
[9] Pamučar D., Application of fuzzy logic and 
artificial neural networks in the decision-making 
process in the traffic support department, Military 
Academy, Belgrade, Military Technical Bulletin 
3/10, 2010., p 125-145 
[10] Tadic D., Stanojevic P., Aleksic M., Miskovic 
V., Bukvic V., Fuzzy set theory - applications in 
management problems, University of Kragujevac, 
Faculty of Mechanical Engineering, 2006. 

 

179



 

PR

 
 
 

Abstract. I
conditional
prediction 
Kopaonik, 
random fie
method th
predictors 
concerning
different u
regression,
regression 
Even thou
prediction 
results, co
compared t
Keywords: 
conditional
 
1. INTROD
One of the
learning th
application
machine 
regression 
empirical s
machine le
classificatio
data sets 
Singh et al
Besides un
well known
information
have mad

REDICTIO

Andr
1Facu
2Facu

In this paper, t
l random field
skiing time bet

is presente
elds is well-kn
at exploits ad
and combines

g correlation 
nstructured pr
, LASSO re
and support 

ugh, only 18
of skiing tim

oncerning R2 
to unstructured

structured 
l random fields

DUCTION 
e most fundam
hat have nume
n fields is a reg
learning algo
have been dev

study on both w
earning techniq
on, was carried
originating fr
. [2]. 
nstructured reg
n and widely u
n concerning
de a drastic

ON OF SKI

rija Petrovic1*

ulty of Mecha
ulty of Organi

the application
ds (GCRF) in
tween ski gates
ed. Gaussian 
nown structure
dvantages of 

s them with the
between ou

redictors were
egression, Ra
vector machin
8 features ar
me, GCRF ach
and mean ab
d predictors. 

regression,
s, GCRF, skiin

mental problem
erous applicatio
gression. A wi
orithms for 
veloped [1]. A
well establishe

que including r
d out on differ
rom different 

gression predic
used, an increas

relations betw
c impact on

IING TIME
ALGO

*, Ugljesa Bu
anical Enginee
izational Scie

3Bos
*aapetrovic

n of Gaussian 
n the case of 
s in ski center 

conditional 
ed regression 

unstructured 
e information 
utputs. Four 
e used: ridge 
ndom forest 

ne regression. 
re used for 
hieved better 

bsolute error, 

, Gaussian 
ng. 

ms in machine 
on in various
ide variety of 

unstructured 
A comparative 
ed, supervised 
egression and 
rent tasks and 

domains by 

ctors that are 
sed amount of 
ween outputs, 
n prediction 

E BY STRU
ORITHM 

ugaric1, Boris 
ering, Univer
ences, Univer
ch, Serbia 
c@mas.bg.ac

 
 

perform
addition
outputs.
are a w
outputs 
form it
structure
similarit
adaptati
develop
directed
cost of t
In this 
skiing t
Kopaon
absolute
were c
perform
random 
machine
emphasi
 
2. RELA
Machine
used in 
outcome
players 
Addition
Regress
forest to
importan
perform
oxygen 

UCTURED

Delibasic2, Ig
rsity of Belgra
sity of Belgra

c.rs 

mances. Due to 
nal information
. Gaussian con

widely used str
that use multi
s features and
e among outpu
ty measure
ions and proce
ped in order 
d graphs [4], o
the learning pro
paper, GCRF 
time between 

nik. GCRF pr
e error and coe
compared w

mances: ridge r
forest regr

e regression. T
ized and exper

ATED WORK
e learning sup
a various spor
es [6], golf b
selection [8] et
nally, Akgol 

sion Neural N
o predict upper
nt determina

mance. The re
value is the m

D REGRES

gor Ivetic3 
ade, Serbia 
ade, Serbia 

that, it is nec
n concerning st
ditional random

ructured mode
iple unstructur
d in the sam
uts, which is d

[3]. Furthe
edure improvem

to extend th
or to reduce th
ocedure [5]. 

was used to 
two ski gate

rediction perfo
efficient of det

with unstructu
regression, LA
ression and 
The advantage
rimentally eval

K 
pervised algori
rts for predictio
ball trajectori
tc. 

et al. [9] 
Networks and 
r body power, 
ants of cro
esult shows th
most importan

SSION 

essary to explo
tructure betwe
m fields (GCR
l for continuo
red predictors 

me time explo
defined by giv
rmore, vario
ments have be

he algorithm 
he computation

predict avera
es in ski cent
ormances (me
termination (R
ured predicto

ASSO regressio
support vect

es of GCRF a
luated. 

ithms have be
on of: basketb
ies [7], footb

used Gener
Decision Tr

one of the mo
oss-country s
hat gender an

nt parameters f

 

oit 
een 
RF) 
ous 

to 
its 

ven 
ous 
een 
on 
nal 

age 
ter 

ean 
2)) 
ors 
on, 
tor 
are 

een 
all 
all 

ral 
ree 
ost 
ski 
nd 
for 

180



prediction of upper body power. Similarly, Delibasic 
et al. [10] developed model for ski injury predictive 
system by analyzing skier transportation data from 
six consecutive seasons. The predictive system is 
based on logistic regression and chi-square 
automatic interaction detection decision tree. The 
lowest ski injury risk is observed for skiers who 
spend more time in the ski lift transportation system 
and ski faster than average skier. In the same 
manner, a comparison of several models based on 
data mining, expert modeling and a combination of 
both have been evaluated in [11]. The analysis 
showed that expert models are 10-15% less accurate 
in comparison with data mining models. 
In addition, analysis of different ski tasks is up to 
date research area [12, 13]. 
In this paper, we showed that structured regression 
algorithms can significantly improve prediction 
performances in cases when unstructured predictors 
scores are poor due to a small number of relevant 
features. 
 
3. METHODOLOGY 
The generalized form of GCRF conditional 
distribution ܲሺܠ|ܡ, ,ߙ ሻߚ  is given in form of 
condtional random field (CRF) and can be expressed 
as: 

ܲሺܠ|ܡ, ,ߙ ሻߚ ൌ ଵ

ሺܠ,ఈ,ఉሻ
∑൫ݔ݁ 	ே

ୀଵ ,ߙሺܣ ,ݕ ሻܑܠ 

∑ 	ஷ ,ߚሺܫ ,ݕ  ሻ൯ (1)ݕ

Two different feature functions are used: association 
potential ܣሺߙ, ,ݕ ሻܠ  to model relations between 
outputs ݕ  and corresponding input vector ܑܠ  and 
interaction potential ܫሺߚ, ,ݕ ሻݕ  to model pairwise 

relation between nodes. Vectors ߙ  and ߚ  are 
parameters of the association potential ܣ  and the 
interaction potential ܫ. The association potential is 
defined as:  

,ߙሺܣ ,ݕ ሻܑܠ ൌ െ∑ 	ே
ୀଵ ∑ 	

ୀଵ ݕ൫ߙ െ ܴሺܠሻ൯
ଶ
 (2) 

where ܴሺܠሻ represents unstructured predictor of ݕ 
for each node in the graph. This unstructured 
predictor can be any regression model that gives 
independent prediction of output ݕ  for given 
attributes ܠ ܭ .  is the total number of unstructured 
predictors. The interaction potential functions is 
defined as:  

,ߚሺܫ ,ݕ ሻݕ ൌ െ∑ 	
ୀଵ ∑ 	

ୀଵ ߚ ܵ
 ሺݕ െ  ሻଶ (3)ݕ

where ܵ
  is a value that express the similarity 

between nodes ݅  and ݆  in graph ݈ ܮ .  is the total 
numbers of graphs (similarity functions). Graphs can 
express any kind of relations between nodes e.g., 
spatial and temporal correlations between outputs. 
Hence, the conditional probability distribution of the 
presented model is defined as: 

ܲሺܠ|ܡ, ,ߙ ሻߚ ൌ ଵ

ሺܠ,ఈ,ఉሻ
∑൫െݔ݁ 	ே

ୀଵ ∑ 	
ୀଵ ݕሺߙ െ

ܴሺܠሻሻଶ െ ∑ 	
ୀଵ ∑ 	

ୀଵ ߚ ܵ
 ሺݕ െ  ሻଶ൯ (4)ݕ

The quadratic form of interaction and association 
potential enables conditional distribution 
ܲሺܠ|ܡ, ,ߙ ሻߚ  to be expressed as multivariate 
Gaussian distribution. The canonical form of GCRF 
is:  

ܲሺܠ|ܡ, ,ߙ ሻߚ ൌ ଵ

ሺଶగሻ
ಿ
మ |ஊ|

భ
మ
ݔ݁ ቀെ ଵ

ଶ
ሺܡ െ ܡሻ்Σିଵሺߤ െ

 ሻቁ (5)ߤ

where precision matrix Σିଵ ൌ 2ܳ  and distribution 
mean ߤ ൌ Σ܊ is defined as, respectively:  

ܳ ൌ ቆ
∑ 	 ߙ  ∑ 	 ∑ 	 ߚ ݄ܵ, if	i ൌ j
െ∑ 	 ߚ ܵ

 , if	i ് j
 (6) 

ܾ ൌ 2ሺ∑ 	
ୀଵ  ሻሻ (7)ܠܴሺߙ

The representation of GCRF is illustrated in Fig. 1.  

 

Figure 1. GCRF representation. 

Due to the convexity of multivariate Gaussian 
distribution the inference task argmax

ܡ
ܲሺܠ|ܡ, ,ߙ  ሻ isߚ

straightforward. The maximum posterior estimate of 
  .ߤ is the distribution expectation ܡ
The objective of the learning task is to optimize 
parameters ߙ  and ߚ  by maximizing conditional log 
likelihood argmax

ఈ,ఉ
∑ ܡ	 ,ܠ|ܡሺ݈ܲ݃ ,ߙ  ሻ. One way toߚ
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ensure positive definiteness of covariance matrix of 
GCRF is to impose constraints that all elements of ߙ 
and ߚ  be greater than 0. The derivative od the 
conditional log likelihood can be expressed in the 
following form: 

݈ܲ݃݀ ൌ െଵ

ଶ
ܡሺ݀Σିଵሺݎܶ െ ܡሻሺߤ െ ሻ்ߤ െ 2Σିଵሺܡ െ

ሻ்ߤሻ݀ߤ െ ଵ

ଶ
 ሺΣିଵ݀Σሻ (8)ݎܶ

The optimization of the parameters can be obtained 
by gradient descent method with log transformation 
of derivatives. Moreover, the optimization can also 
be performed by a truncated Newton algorithm for 
nonlinear functions with constraints or sequential 
quadratic programming. The GCRF code used in 
this work is publicly available.1 
 
4. RESULTS AND DISCUSSION 
Kopaonik is one of the largest ski resort in a 
southern part of Europe with more than 55 km of ski 
slopes and 25 ski lifts. One of the biggest problem in 
Kopaonik is crowds on ski lifts, due to that it is 
necessary to predict average skiing times between 
two ski gates. With this average skiing times it is 
possible to predict occurance of rush hours on ski-
lifts. 
Dataset used in this research includes information on 
ski lift entrance for a period from 15th to 30th of 
March for years between 2006-2011. Totally seven 
ski lifts were considered: Karaman Greben, Mali 
Karaman, Marine vode, Duboka I, Karaman, 
Pancicev vrh, Duboka II.  
All used features are separated in the three distinct 
groups: 
 
1. Descriptive features: the total number of skiers, 

total unique number of skiers, time expressed 
in hours and minutes 

2. Statistical features: mean, tenth percentile, first 
and second quartile, ninetieth percentile, 
median, minimum value, maximum value, 
kurtosis and skewness of average skiers 
velocity 

3. Weather features: wind speed, temperature, 
dew point, cloud cover and pressure 

 
All features were evaluated by observing shifts in 
time periods of 5 minutes, whereas prediction was 
made 15 minutes in advance. 

                                                            
1 https://github.com/andrijaster 

The two graphs for potential interaction between ski 
lifts (nodes) were used. The first graph is obtained 
by differences between the history of average skiing 
time in the period of 30 minutes, whereas the second 
graph was obtained by differences between the 
history of average skiing time in slopes for the 
whole dataset. A total number of instances in the 
dataset was 4850 for each ski lift, which is totally 
33950. The 20% of the dataset was used for testing, 
whereas the rest was used for training. Half of the 
training data was used for unstructured predictor 
learning, whereas the rest was used for optimizing 
GCRF parameters. All methods are implemented in 
Python and experiments were run on Windows 16 
GB of memory and 2.5 GHz CPU. The results of the 
learning, concerning score metrics, are presented in 
Table 1. 
 

Table 1. Prediction performances 

 
 
It can be seen that GCRF outperformed unstructured 
predictors. Even though best-unstructured predictor 
Random forest provides satisfactory prediction 
performances, GCRF has best metrics R2 and mean 
absolute error. It is important to emphasize that not 
only features are important in this particular case, 
but also the correlation structure between ski lifts. 
 
5. CONCLUSION 
 
In this paper, Gaussian conditional random fields 
(GCRF), well-known structured regression 
algorithm is applied on task of predicting skier 
average time between ski gates. The unstructured 
predictor that are used as association function in 
GCRF are: ridge regression, LASSO regression, 
random forest and support vector machine. It was 
shown that in this particular case dependencies 
among outputs are significant, such that GCRF 
outperformed all other regression algorithms. 
Further studies should concern comparing GCRF 
with other structured regression on real-world sports 
tasks.  
 
 
 
 

Ridge 

regression

LASSO 

regression

Random 

forest

Support 

vector 

machine

GCRF

Mean 

absolute 

error

364.87 367.72 343.6 388.05 336.44

R
2 0.578 0.585 0.549 0.484 0.613
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evaporation temperature of the inlet water. Pressure 
in P1 is maintained by a water-steam ejector E1. The 
evaporated water is condensing in the ejector, where 
mixing of the primary water with steam is occurring. 
In order to preserve constant temperature of motive 
fluid water a heat exchanger HE1 is used. The 
desalinated water from vessel P2 is used as a motive 
fluid for ejector E1.  

 
Figure 1. Water desalination plant - scheme 

Conversion of mass and energy equation with the 
combination of fixed thermodynamic states lead to a 
set of the equation for the steady-state simulation of 
the water desalination plant. The number of 
transmission units (NTU) method was used for 
balancing and sizing heat exchangers, Incorprera et 
al. [8]. In addition, the swater-steam ejector was 
modeled by equations from [9]. 
 
3. OPTIMIZATION 
Multi-objective optimization of water desalination 
plant has been performed by the Non-dominated 
Sorting Genetic Algorithm (NSGA II). The objective 
of the NSGA II algorithm is to improve the adaptive 
fit of a population of candidate solutions to a Pareto 
front constrained by a set of objective functions. The 
algorithm uses an evolutionary process with 
surrogates for evolutionary operators including 
selection, genetic crossover, and genetic mutation. 
The population is sorted into a hierarchy of 
subpopulations based on the ordering of Pareto 
dominance. In order to choose optimal solutions 
based on the obtained Pareto fronts for each mass 
flow rate the SAW method was used. 
The two objective functions were optimized: 
- Profit maximization 
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  (1) 

- Exergy loss minimization 

 2 i
i

f Exloss   (2) 

The results of Pareto front for 101 0.9 kg/sm   is 

shown in Fig. 2. 

 
Figure 2. Pareto front for 101 0.9 kg/sm   

 
4. CONTROL 
4.1 System Modeling 

Dynamical model suited for the control purposes 
is obtained by introducing certain but reasonable 
assumptions:  

 The specific heat capacities of liquid at the 
constant pressure ( pc ) and at the constant 

volume ( vc ) are constant; 

 Volumes occupied by vapor ( VV ) and 

liquid ( LV ) are constant; 

 Steady-state conditions of the liquid jet 
vacuum ejector are assumed; 

 Mass accumulation in vessel V1 is 
negligible; 

 Water density is constant; 
 Water vapor is saturated at the position 

103, whereas liquid is boiled at the position 102 
such that, 102 103p p  and 102 103Т Т . 

Using mass and energy balance the 
dynamical model for vessel P1 has been 
developed as follows: 

 101 102 103m m m      (3) 

  

 

 

 

102

102

101 101 102 102

103 102

L L vL

V V vL LAT

pL pL

pL LAT

V c td

V c t hdt

m c t m c t

m c t h




    
      

      

   

 



  (4) 

The plant is considered to be in steady-state with 
turned off pump PU1. Thus, combining equations 
(3) and (4) the nonlinear simulation has been 
performed with initial conditions 0

102 101Т Т , and it 

is shown on Fig 3. 
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Figure 3. Step responses of nonlinear plant model 

for some operating point initiated with chosen values 
of f  and v . 

 

4.2 Linearization 
To tune conventional controllers such as PID, a 
linear model around the desired operating point is 
necessary. Linearization is carried out using 
polynomial curve fitting with least squares error 
method for every nonlinear simulation as it is shown 
in [10]. 

 
Figure 4. Step responses of nonlinear and linearized 
plant model for three operating points initiated with 

chosen values of f  and v  

Linearization results have been verified by 
comparing nonlinear and linearised step responses. 
The comparison is shown only for three operating 
points, Fig 4. This result is considered to be accurate 
enough to calculate the controller parameters. 
Furthermore, in Table 1 the linearised models of the 
plant has been presented in the form of the transfer 
functions. 

Table 1. Transfer functions of the linearized plant 
for three operating points. 

Linearization point Transfer function ( )pG s  

101 0.1m  kg/s 
3 21.0

-1.93 

21 0.7

s - 0

3 0.09 0 0

0

0

. 51

. 1s s s  
 

101 0.5m  kg/s 
3 20.82

-2.27 s 

0.51 0.16 0.

- 0.24

006s s s  
 

101 1.0m  kg/s 
3 20.0

-2.53 

47 0.1

s - 

1 0.70 0.0

2.10

5s s s  
 

 

 
 

4.3 Control Strategy 
The nature of process for this kind of plants is that it 
always goes in the steady-state for arbitrary input, 
Fig 3. Those steady-states for uncontrolled plant are 
suboptimal, therefore, tracking characteristics are 
poor and time constants are too high. Hence, to 
improve the system performance a PID controller is 
introduced with following control law [11]: 

 
0

( ) ( ) ( ) ( )
t

p i d

d
u t K e t K e d K e

dt
       (5) 

 ( ) ( ) ( )e t r t y t    (6) 

where ( )u t  is control signal; ( )e t  is error signal; pK

, iK  and dK  are proportional, integral and 

derivative gains respectively, and ( )r t  is reference 
signal. 
Parameters of the PID controller are selected using 
nonlinear dynamical simulation to obtain maximal 
performances [11]: 2.25pK   , 0.802iK    and 

0.369dK   . 

The optimal reference signal, ( )r t , and optimal 

hydraulic resistance, v , are obtained using the 

optimal values table and are applying dynamically, 
Fig 5. 

 
Figure 5. General control system block diagram 
 
5. SIMULATION RESULTS 

Simulation has been performed for initial 
conditions 0

103 346.65KТ   Changes in the 

disturbances was chosen to simulate a worst-case 
scenario in short period of time, where mass flow 
rate, 101m , drops and temperature, 101Т , rises over a 

period of 400s , as it is shown in Fig. 6. 
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Figure 6. Changing of input mass flow rate, 101m , 

and temperature, 101Т , during 600s  of simulation. 

Results of control simulation with PID controller are 
given in Fig. 7. Although the disturbances are taking 
place after the 100th second of simulation, the 
controller can stabilize the system around desired 
value with the minimal error, Fig. 8. 

 
Figure 7. Simulation of the nonlinear system 

controlled by PID controller under the influence of 
disturbances, and with the initial condition 

0
102 346.65KТ  . 

In Fig. 9 can be seen that during all time of 
simulation the control signal, ( )u t , was within the 

acceptable boundaries. 

 
Figure 8. Error signal, ( )e t , generated during 

simulation. 

 
Figure 9. Control signal, ( )u t , generated during 

simulation. 
 
5. CONCLUSION 
A dynamical model of the plant has been developed 
and linearized around operating points in order to 

design a PID controller which will guide the plant 
through optimal thermodynamic states. The optimal 
reference signal has been changed over time in 
accordance to inlet mass flow rate, and has been 
obtained from the lookup table derived using 
multiobjective NSGA II algorithm in combination 
with SAW decision-making method.  
It can be seen that the control system can guide the 
system through the vicinity of optimal 
thermodynamical states with enough accuracy for 
engineering purposes. 
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purpose will not be discussed here as it is not important 
for the purposes of this paper.  
 
 
3. METHODOLOGY AND IMPLICATIONS  
The database contains thousands of nodes describing 
data, software and computational environments. 
Graph mining, which is a study of concealed 
information from graphs, allows us to draw valuable 
conclusions about these entities. In this paper, we 
explore several scenarios in which graph mining can 
be used. 
3.1. Software reuse 
The challenge with capturing a particular version of 
LHCb software is that it is often dependent on many 
other projects (as shown in Figure 2). We can learn 
about these dependencies using the graph database. 
By capturing a particular software version with its 
dependencies we could, for example, encapsulate it 
into a virtual machine or a virtual container, thus 
making it portable and independent of the rest of the 
software. Such LHCb application can be made open 
access and used for outreach and educational 
purposes to analyze LHCb open data. 
For example, if we would like to capture a top-level 
application such as DaVinci v33r1, we need to query 
the database in the following way to learn about its 
dependencies: 

MATCH p = (a:Project{name:”DAVINCI”, 
version:”v33r1”})-  
        [r:REQUIRES*..]->  
        (d:Project{name:’GAUDI’})  
RETURN p LIMIT 1 

The variable p in the query represents a path from 
the application to the base framework of the LHCb 
software. The result of the query is the following 
list: 

Application Version

DaVinci v33r1 

Analysis v10r3 

Phys v16r3 

REC v14r3 

LHCb v35r3 

Gaudi v23r5 

 

In this particular example, there may be other 
projects that also need to be captured to make this 

application usable in every scenario and portable 
within a virtual environment. 
3.2. Troubleshooting 
With a large number of software releases, there is a 
possibility that a software version is released with an 
undetected bug in the code. If the bug is not 
promptly found, this software version can be used 
for processing of a number of datasets, which may 
cause problems in following data analysis. When the 
bug is found, we need to learn of all datasets that it 
had affected and restrict their use until the problem 
is solved. Using graph mining, we can perform 
troubleshooting by querying the graph to learn about 
affected datasets.  
For example, in order to learn how many datasets 
have been processed with a project called Phys 
v18r2p1 we can execute the following CYPHER 
command: 

MATCH (n:Production)-  
      [:REQUIRES|:USES*1..100]->  
      (b:Project{name:”PHYS”, 
version:”v19r2p1”})   
RETURN COUNT(n)  

The relationships between this project and datasets 
are indirect as Phys represents a library component 
in the software suite. This scenario demonstrates the 
power of graph databases as such query is able to 
identify secondary relations with data nodes within 
milliseconds. The query returns a number of 
produced datasets, which is in this case 280. The list 
of exact data nodes can be obtained by modifying 
the query to return the node instead of returning the 
count. 
3.3. Software classification and testing 
Due to the fact that the LHC running time is divided 
into periods of active running and periods of 
detector maintenance and upgrade that can last for 
several months, the software applications can be 
classified into groups according to the data they are 
designed to process. For example, applications 
released in 2015 are likely to be compatible with 
data collected in the same year. Using graph 
clustering, we are able to sort the software 
applications into such groups. This is particularly 
important for software testing in the future as we can 
implement cross-checking by verifying whether a 
software version can process different datasets 
recorded under the same conditions. 
An application used in data collection for selecting 
interesting particle collisions in real time while the 
experiment is running is called Moore [2]. If there is 
a need to understand which versions of Moore are 
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compatible and useful for data collected in 2016, we 
can easily learn that from the graph database with 
the following CYPHER query: 

MATCH (a:Production {year:"2016"})— 
(p:Project {name:"MOORE"})  
RETURN COLLECT (DISTINCT p.version);  

The unique set of application versions gathered with 
the query is:   

 

Moore 

v25r4 

v25r5 

v25r3p1 

 
 
3.4. Archiving software and legacy versions 
Legacy software versions are the ones that capture 
data processing of a particular time period and the 
ones that will be maintained and preserved for the 
future. They are used for future data processing of 
the old data to identify particle decays that may not 
have been previously studied. The legacy versions 
are often thoroughly tested and released with most 
recent developments that solve known bugs in the 
code. Using graph mining, we can identify the most 
used version of each LHCb software application. 
Such a version is the one that produced the highest 
number of LHCb datasets. We can identify such 
versions by sorting the nodes descending according 
to their degree count (the number of edges incident 
to that node). This can be achieved with the 
following CYPHER query: 

MATCH(p:Project)-->(a:Production)   
RETURN id(p), count(*) as degree   
ORDER BY degree  

However, it does not necessarily mean that such 
version will be the legacy version even though it 
would be a good candidate. The legacy version is 
most likely to be the one which represents the latest 
patch release that captures the most recent code 
developments. For example, if we consider the 
aforementioned application called DaVinci, at the 
time of the database development the most 
frequently used application version was DaVinci 
v32r2p1. This version would be preceded by the 
newer version such as DaVinci v32r2p3 that 
includes the third patch (p3) release, thus solving the 
bugs in the code whilst preserving the previous 

functionality and data compatibility. DaVinci v32r2 
(all patch versions) was vastly used for processing of 
data collected in 2010, 2011 and 2012, which was 
the first data-taking period of the LHC. 
The legacy software versions should likely be used 
for outreach and open science outside of the LHCb 
collaboration. It can be isolated and captured into a 
virtual machine or a virtual container in a way that 
was discussed in Section 3.1 and released to the 
general public. 
In a similar manner, we are able to learn about the 
project nodes that were used the least, by sorting 
node degree count ascending. By doing this, we can 
identify software versions that are obsolete and 
should be archived as they are likely to be replaced 
with newer releases. However, in such list, there are 
software versions used for special runs at LHCb 
such as for example ion-proton data collection or for 
fixed target data-taking. Therefore, these versions 
should be excluded from the study as they would 
still be valuable for software preservation. 
 
3. CONCLUSIONS 
This paper explored several data mining studies of 
the graph database that was developed for data 
provenance capture at LHCb. The database 
represents a fully working implementation, even 
though it is currently a prototype. It needs additional 
development such as integration with the existing 
LHCb systems in order to be actively used by the 
community.  
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number of identical products it is not possible to 
obtain sufficient information for management 
(quality management, logistics or financial 
management), it is necessary to focus on the 
common element, and that is the process itself. 
Based on best practices for the application of control 
charts for processes with long production cycles and 
a single product characteristic, it is generally 
recommended that at least 25 subgroups of data be 
gathered, and these data can be used to create the 
basis for the control chart [4].    
In case of small mixed batch production, many 
subgroups cannot be created and therefore processes 
need to be grouped in a predetermined way. 
The goal of this research phase is to use Lean Six 
Sigma analytical tools for taking decisions in the 
bakery equipment organization about pros and cons 
of introducing SPC in a small batch and mixed 
production and to testing it under specific 
conditions. Control charts for univariate 
measurement processes were presented in [2] [3]. 
Therefore only short summaries will be given in this 
paper. Control charts for multivariate will be 
described in detail. 
 
2.LITERATURE REVIEW AND 
THEORETICAL FRAMEWORK 
Bakery production lines and equipment are based on 
the customer's requirements for the final product, 
which is the bakery dough. Equipment that prepares 
and modifies the dough is called bread and rolls 
equipment, dough processing equipment, pizza 
product equipment. Production of such equipment 
represents a precision engineering, in some cases, it 
is a mechatronic production that meets strict 
standards to produce equipment used in the food 
industry. Components that come into direct contact 
with the dough are made of high-quality stainless 
steel and food grade material. 
Research in the field of short run and small mixed 
batches was in the past mainly focused on products 
and less on processes, so SPC implementation was 
related mainly to products. In literary sources and 
professional practice, by the end of the last century 
most of the terms "piece production" and "small 
batch production" were used and were mainly 
characterized by the number of pieces produced in a 
batch [5]. Examples are in publications [6] [7] where 
the following terms can be found: "one-off and small 
batch production" and [5] "small batch and piece 
production". 
Nowadays, when there are a growing need for the 
possibility of modifying production according to 

individual specifications and customer preferences 
and "Lean" [1], [8] and "Agile Manufacturing" [9] 
paradigms, organizations need to focus on SPC to 
improve processes. This leads to the need to better 
characterize such production based on cycle time 
[10] and control time [5]to identify planned and 
actual production time about a certain number of 
pieces produced and to provide corrective actions. 
According to ISO 7870-8:2017 the term "short run" 
(SR) means that only a few pieces are produced, and 
consequently a different part or item (characteristic) 
is going will be produced. It means that the 
production cycle is very short, the repeatability of 
the production batch is low, and a very small volume 
of items is in a batch. 
The term "small mixed batch" is used when different 
products are in the batch, but according to some 
characteristics they can be investigated together [5]. 
Based on a more detailed survey [4] [5][6][8][11] 
for short production cycles and small mixed batches, 
the following situations can be considered: (a) a 
small quantity of a same product in a batch; (b) one 
production process is used when producing different 
products; (c) several operators use same machines or 
devices; (d) lack of parts in one production process 
to create and maintain process regulation limits; (e) 
it is not possible to obtain sufficient data due to a 
short production cycle; (f) a large volume of 
different parts are produced for several different 
customers. 
SPC techniques are applicable in any short-run 
production in small mixed batches, which are 
repeatable in any way. 
The procedure of identifying and grouping similar 
characteristics and, if necessary, its modifications 
can be described according to [4], in three steps: 

Step 1: Identification of processes Formalization 

of processes Determination and evaluation of 
influencing characteristics.  

 
Step 2: Expert knowledge or analysis of existing 

data Identification of systematic process 

influencing Groping of characteristics 

 

Step 3: Use of control charts Periodic and alarm 

triggered check of the group Systematic 

influences … In case of a systematic impact, 
return to step 2. 

Multiple processes can be grouped when the same 
procedure follows them but with different 
characteristics such as nominal/target value, 
tolerance, material, measurement process, 
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production machine, tool, environmental conditions, 
etc. Characteristics that differ between processes are 
plotted in the cause and effect diagram together with 
the appropriate parameter. 
If there are no significant differences or these 
differences are systematic, they can be compensated 
by transforming the values into a single scale. Then, 
the characteristics can be grouped, and a standard 
control chart can be used. 
During the application of control charts, numbers of 
data is collected, and much knowledge is acquired 
about processes. Therefore, it is necessary to 
regularly verify that the terms of data grouping are 
still valid. This is particularly true when there are 
warning signs for which no attributable cause can be 
found. To flexibly group and reorganize processes, it 
is essential to record characteristics such as meta-
data along with the measured data so that each 
measured value is associated with a group of 
processes. 
The theoretical framework presented in this paper is 
about selected tools of Six Sigma, which will be 
used for analysis in a particular organization 
producing bakery equipment: (1) Normality test; (2) 
Homogeneity of variances; (3) Measurement 
Systems Analysis (MSA); (4) Control charts for 

short run and small mixed batch processes: ܺ , ܴ݉; 
തܺ, ܴ  control charts for univariate data; and 
multivariate Hotelling T-square (T2)  control chart 
for multivariate data using QI Macros SPC Software 
for Excel [12]. 
 
3. CASE STUDY 
The company where the research was conducted 
specializes in developing and delivering innovative 
solutions for the bakery industry. 
The organization has its quality assurance system, 
which is not ISO 9001 certified. The main products 
of the company are shafts, rollers, electro-cabinets, 
hoppers and conveyors, which are assembled to 
dough processing units, dough thickness reducing 
units, shaping or dosing units. Almost every project 
has specific customer requirements and is a so-called 
"turn-key" solution. Repeatability of production is 
very low (5 pieces of products are considered to be 
series), and this predetermines high degree of detail 
of construction and technological preparation of 
production as well as the scope of work related to 
the development of the technological process. 
Frequent changes and workplace adjustments place 
increased demands on time consumption, and work 
interruptions, high level of work-in-progress is 

present, and so is an uneven use of production 
facilities. 
The following components are included in the 
overall research: tube, shaft, flange and roller (400; 
600, 800) made of AISI 304 DIN 1.4301. 
The manufacturing process is as follows: 
(1) Cutting raw material in cutting room (vertical 
separation of seamless tubes to exact length, cutting 
of round bars). 
(2) Advance preparation of individual parts of the 
roller on lathe machine (flanges, tube, and shaft), 
axial alignment and turning diameters. 
(3) Welding flanges to the shaft, welding tube to the 
shaft with flanges.  
(4) Turning individual shaft diameters, roller 
diameter concerning the required roughness, circular 
and total runout tolerances, and straightness (form 
tolerance). 
(5) Milling shaft keyways and shaft threads. 
Incoming inspection is not performed as a raw 
material is purchased from certified vendors with an 
attestation. 
Only post-operational control is in place in the plant. 
Technical Control Department does measurements 
of selected characteristics of the final products. 
The management of the organization has decided to 
explore the possibilities of optimizing production 
regarding time consumption, work interruptions, 
reducing the number of work-in-progress processes, 
use of production facilities and SPC implementation. 
 
3.1Preparation for SPC implementation 
Before the SPC implementation, it was necessary to 
identify processes and monitored variables. 
Processes: cutting raw material, lathe operation. 

Observed variables: tube length (tolerance 0.05); 
precise shaft diameter (ϕ50g6); total runout (0.05 
mm) and straightness (0.05 mm). 
Furthermore, it was necessary to ensure the 
conditions for SPC, i.e. steadiness of all known 
effects: temperature in the range of 16oC – 20oC; air 
humidity 50% - 60%, and material quality according 
to DIN 1.4301 (AISI 304) austenitic chrome-nickel 
steel. 
Subsequently, MSA was performed, while all 
measurements were made by calibrated measuring 
devices and by experienced and trained personnel of 
the Technical Control department. MSA processed 
in [12] showed that the influence of the 
measurement process is less than 10%. 
Period of data collection is January 2017 – 
November 2017. A number of tube length 
measurements is 50. A number of diameter 
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measurements: 150, with a range of subgroup 3 and 
the number of subgroups are 50.  
In the case study, the summaries of the short run and 
small mixed batch control charts applications are 
present: 

 ܺ , ܴ݉ control chart for cutting precise tube 
length (404±0.05, 604±0.05, 804±0.05) 

 തܺ, ܴ for measuring precise shaft diameter 
(ϕ50 g6) 

 Hotelling T2 control chart for a mutual 
combination values for straightness and 
total runout (0.050 mm and 0.050 mm). 

 
3.2Control chart ࡾ,ࢄ 
Cutting (vertical separation) of three types stainless 
steel tubes to exact length (Table 1) was monitored 
for eleven months. Fifty data were obtained which, 
after clustering and transformation to a single scale, 
were recorded in ܺ , ܴ݉ control chart (Figure 1, 2). 
The tubes vary in length; their common sign is 
material and tolerance. Data originates from a 
normal distribution (processed in [12]). 
Table 1 – Dimensions of 3 types of monitored rollers 

Roller 
type 

Shaft length 
[mm] 

Tube diameter 
∅ [mm] 

Tube length 
[mm] 

400 941 182 404 ± 0.05 

600 1,141 182 604 ± 0.05 

800 1,341 160 804 ± 0.05 

 
Figure 1 – Control chart for transformed individual 
values ܺ for the process of vertical steel cutting 

 
Figure 2 – Control chart for moving range ܴ݉ for 
the process of vertical steel cutting  
 

Summary: Data in a control chart for individual 
values ܺ , ܴ݉  are centered, located within the 
control zone, and deviating measurements were not 
detected. 
In the moving range chart, mR has used ranges 
between consecutive values. The regulatory zone 
was not exceeded, while the upper control limit is 
more times bigger than the lower control limit. The 
process is stable.   
 

3.3Control chart ࢄഥ,ࡾ 
Lathe operation of stainless steel roller diameters has 
been monitored for 11 months. Overall 150 data 
were gathered and grouped into 50 selections, each 
of which contained 3 pieces. The data were recorded 
in തܺ, ܴcontrol chart (Figure 3). The rolls vary in 
length and tube diameter. Their common sign is 
material and shaft diameter ϕ50 h6.  
Standard probability plot processed in [12] shows 
that the data are from a normal distribution. 

 

 
Figure 3 – Control chart തܺ, ܴ  for the process of 
precise shaft diameter ϕ50 h6 

Summary: Through തܺ, ܴ it has been verified that 
production of all three types of rollers (400, 600 and 
800 mm) is considered as statistically under control, 
all values of monitored characteristics are within the 
regulatory limits. 
 
3.4Hotelling T2 control chart 
Similar to the ܺ , ܴ݉ chart, the Hotelling T2 chart 
evaluates the covariances of the ranges between each 
of the two measures and the covariances of the 
actual data points.  
For the mutual combination of values, preliminarily* 
the results from measurements of straightness and 
total runout were recorded in the Hotelling T2 
control chart (Figure 4, 5). 
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Note: *because further measurements are not yet 
available. 
Standard probability plot processed in [11] shows 
that the data are from a normal distribution. 

 
Figure 5 – Phase 1 Hotelling T2 control chart   
 

 
Figure 6 – Phase 2 Hotelling T2 control chart  
Summary: The 1st chart (Phase 1) shows an outlying 
measurement, which was detected as measurement 
no. 7. The measured value of straightness and total 
runout is higher than the allowed tolerance (0,071 
mm – 0,065 mm towards 0,050 mm – 0,050 mm).   
 
CONCLUSION 
Research in the area of short run and small mixed 
batches production is based on a preliminary 
literature review and focuses on preparing the 
implementation of the SPC in an organization 
producing bakery equipment. As part of this 
preparatory phase of the SPC, the process of cutting 
and lathe operations were monitored. തܺ, ܴ ; 

ܺ , ܴ݉	and Hotelling T2 shows that both processes 
are stable, but according to the Hoteling T2 control 
chart and the reports of experienced operators, it can 
be assumed that the processes are significantly 
affected by characteristics of the current machine 
state, by set-up the machines, and of what level 
experiences have operators. 
Future research opportunity we see in the 
continuation of the measurements so that the same 
number of measurements is ensured for both 

monitored processes. Data transformation into a 
single scale, better use of Hotelling statistics, more 
detailed inspection of downtimes, searching for 
possibilities to reduce production completeness 
(work-in-progress) and optimizing the use of 
production facilities using Lean Six Sigma tools. 
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industry, academia and civil participants work 
together to co-create the future and drive structural 
changes far beyond the scope of what any one 
organization or person could do alone [5]. Creating 
and supporting OI 2.0 encourages dynamic 
knowledge circulation and facilitates the translation 
of that knowledge into socio-economic value [6] .  
Hungary, Slovakia and Czech Republic are Central 
European countries, which have shared common 
ground in history culture and economics. Following 
the EU strategy and the goals in the field of 
innovation, the countries developed national 
strategies and policies to adapt the aims to their 
own reality and objectives. The results of European 
Innovation Scorecard (EIS), which is one of the 
most complex comparative studies of innovation 
performance within the EU shows that Hungary, 
Slovakia and Czech Republic unsuccessfully, under 
performing in all indicators of the study over years. 
The study categorizes EU countries into four 
innovation performance groups: modest innovators, 
moderate innovators, strong innovators and 
innovation leaders. Hungary, Slovakia and Czech 
Republic belong to moderate innovators [7] below 
the average of the EU. The highest innovation 
performance among the three countries has Czech 
Republic.  
This research focuses on the adoption of open 
approach to innovation and compares the levels of 
OI adoption among organizations operating in 
Slovakia, Hungary, Czech Republic and overall in 
the EU. It also compares innovation performance of 
organizations with different OI adoption levels. The 
background of the research was information 
obtained within the (OI-Net), what is an EU co-
financed project designed to promote cooperation 
on open innovation research and education. One of 
the outcomes of the project was the report: 
Identification of Industrial Needs for Open 
Innovation Education in Europe [8]. For the 
purpose of this research the selected parts of the 
questionnaire developed within the OI-Net were 
used. This research is structured according to main 
findings into following blocks:  
 Comparison of adoption of the OI practices 

among organizations in Slovakia, Hungary, 
Czech Republic and EU. 

 Comparison of the level of OI capabilities 
among organizations in Slovakia, Hungary, 
Czech Republic and EU. 

 Comparison of OI status of organizations in 
Slovakia, Hungary, Czech Republic and EU. 

 Comparison of innovation performance among 
OI Non-adopters, Planners and Adopters. 
 

2. LITERATURE REVIEW 
The term Open Innovation was first introduced by 
Henry Chesbrough in his book “Open Innovation“ 
in 2003, where he defined OI as paradigm that 
assumes that firms can and should use external 

ideas as well as internal ideas, and internal and 
external paths to market, as the firms look to 
advance their technology [9]. According the 
definition, innovation practices can be divided into 
inbound and outbound [10] modes. Inbound 
practices use external sources for the firm’s 
innovation process, while inbound practices allow 
others to use under-utilized or unused assets of a 
firm. Examples of inbound OI practices include IP 
in-licensing, contracted R&D services, using 
specialized open innovation intermediaries, idea & 
start-up competitions, university research grants, 
customer & consumer co-creation, crowdsourcing, 
informal networking and examples of outbound 
practices include joint-venture activities, spin-offs, 
IP out-licensing, participation in standardization, 
donations to commons or non-profits, etc. [11]. 
Inbound and outbound open innovation can be also 
combined into a coupled process in which 
organisations work in alliances that involves both 
giving and taking [12]. The studies show that 
inbound open innovation is more commonly 
used than outbound open innovation [13] [14]. 
There are studies focused on identification of 
organization capabilities, which are important for 
successful implementation of OI e. g. [15]  [16] 
[17]. The study of [18] created the OI capability 
framework comprises of 23 capability areas 
grouped along the factors strategic alignment, 
governance, methods, information technology, 
people, and culture.  Culture supporting OI in an 
organization is important for successful 
implementation and functioning of open innovation 
approach. This is often translated into a shift of 
culture, whereby working with other companies 
became accepted and endorsed throughout the 
organisation. It requires direct involvement of top 
management. Making changes to company 
structure, skills, incentives and control methods can 
gradually help to develop a company culture that 
supports OI [19]. OI culture implies that OI is 
embedded in values and norms, practices and 
behaviours. According to [20] OI culture is 
emerging at mature levels of OI implementation.  
Many authors have highlighted the importance of 
innovation for increasing organization performance. 
Innovation performance reflects the success of 
innovation and comprises the actual output or 
results of innovation as measured against its 
intended outputs (objectives). There isn’t generally 
accepted common set of indicators of innovation 
performance [21], but sources dealing with 
innovation performance measurement provide 
various innovation metrics, which can be used by 
organization e.g. [22] while the organization 
strategy and characteristics must be taken into 
account. According to [23] there is increasing 
interest in the research of empirical evidence 
regarding the effect of open innovation on 
innovation performance. Scholars have explored 
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different points of view, emphasizing industry-
specific characteristics, company size, or verifying 
their hypotheses in the case of country-specific 
samples. The studies have mostly focused on 
exploring the effect of inbound OI modes on 
innovation performance e.g. [24]; [25]; [26]. There 
are less studies, which tried to investigate the effect 
of outbound OI or coupled OI modes on innovation 
performance e. g. [27]; [28];. The majority of 
articles on that topic concluded that implementation 
of open innovation had a positive effect on 
innovation performance, but there were some of 
them, which discussed inverted U-shaped 
relationships or even in some OI-modes cases 
negative effect on innovation performance [23].  
 
3. METHODOLOGY 
The background of the research was information 
obtained within the European Academic Network 
for Open Innovation project. The study used the 
questionnaire developed in the OI-NET project and 
selected areas were examined, which focused on: 

 OI practices – this area included 13 items and 
the adoption intensity of individual OI 
practices (inbound and outbound) were 
evaluated using 7 points Likert scale. 

 OI capabilities – the items covering the area of 
OI capabilities were divided into 2 groups. The 
first group of capabilities describes what 
company does to organize and facilitate OI and 
includes 6 items. The second group is 
addressed to organization behaviour and 
consists of 9 items. For evaluation of the items 
the respondents used 7 points Likert scale. 

 Status of OI – the perceived level of OI status 
were evaluated by 5 points Likert scale to 
categorize organizations into groups of non-
adopters, early adopters and adopters. 

 

 

 

 

 

 

 

 
 
 
 
 
 

 Innovation performance – the area was 
examined by 5 items, which were evaluated 
using 5 points Likert scale. 

The questionnaires were distributed to companies 
of all size and industrial sectors´ representatives 
and regions. There were 23 questionnaires collected 
from Slovakia, 47 from Czech Republic and 45 
organizations participated from Hungary. The 
survey respond rates in the three countries were 
over 20%. Overall, 500 questionnaires were 
collected from EU organizations. The data were 
processed graphically and results were compared 
among Slovakia, Hungary, Czech Republic and EU. 
 
4. RESULTS AND DISCUSSION 
1.1 Adoption of OI Practices 
Figure 1 shows the average adoption intensity of 
the inbound and outbound practices in 
organizations operating in Slovakia, Hungary and 
Czech Republic. The results can be compared with 
the EU average, which is also illustrated. Slovakia 
and Czech Republic is under the EU average level 
in the adoption of all OI practices. Hungary has the 
highest level of adoption of OI practices in 
comparing with Slovakia and Czech Republic and 
in some cases exceeds the EU average except in the 
participation in standardization. The least adopted 
OI practices in the three countries are: 
 Crowdsourcing; 
 Using external networks;  
 Idea and start-up competitions;  
 IP-out-licensing and Free revealing. 
 
In general, compared to other OI practices, the most 
adopted in the three countries are: 
 Collaborative innovation with external 

partners; 
 Customer and consumer co-creation in R&D 

projects; 
 Scanning for external ideas. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Intensity of adoption of the OI practices 
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1.2 Level of Innovation Capabilities 
Figure 2 shows the average levels of open 
innovation capabilities related to what company 
does to organize and facilitate OI. Organizations in 
Slovakia and Czech Republic don’t achieve the EU 
average. Organizations in Hungary reported the 
highest levels of open innovation capabilities 
among the three countries, which are slightly above 
the EU average. The lowest values among the 
reviewed OI capabilities are reported for: 
 Rewarding of employees for OI activities; 
 Applying interactive tools and methods to 

facilitate OI. 
The highest levels among the examined OI 
capabilities in the three countries are indicated for 
the following aspects: 
 The organizational structure of company is 

designed to be open according to needs of 
company; 

 Top management strongly supports open 
innovation activities.  

 

Figure 3 shows the values for individual OI 
capabilities related to organization behaviour and 
manifestation of OI culture. Behaviour and culture 
of organizations in Slovakia and Czech Republic 
don’t support enough OI activities. The values of 
individual items are slightly under the EU average. 
Organizations in Hungary reported the highest level 
of interviewed aspects of organization behaviour 
and culture supporting OI. The highest scores in the 
three countries are for the following aspects: 
 Externally obtained knowledge is integrated 

into company’s products, processes or services; 
 Accepting the possibilities of mistakes in 

external knowledge sourcing. 
The areas with the lowest reported levels are: 
 Relevant departments are actively participating 

in knowledge sourcing and exchange;  
 Employees have positive attitudes towards 

having other companies using company’s 
knowledge and technologies. 
 

 
Figure 2 Levels of OI capabilities related to organization and facilitation of OI 

 
Figure 3 Levels of OI capabilities related to organization behaviour and culture
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1.3 OI status 
Figure 4 illustrates the perceived OI status of 
organizations in Slovakia, Czech Republic, 
Hungary and overall in the EU. Majority of 
organizations (over 60%) in Slovakia and Hungary 
are in the early stage of implementing OI activities 
or planning to adopt OI. The highest percentage of 
organizations in Czech Republic don’t adopt OI 
(60%) and 20% are in the early stage of 
implementing OI activities or planning to adopt OI. 
The three countries are below the EU average in 
achieving the status of adopters and experienced 
adopters (levels 4 and 5). 
 
1.4 Innovation performance 
Figure 4 illustrates the changes in innovation 
performance over the last 3 years in organizations 
in Slovakia, Czech Republic and Hungary.   
 

Organizations were categorized as OI Adopters (OI 
status at the level 3, 4 and 5), Planners (OI status at 
the level 2) and Non-adopters (OI status at the level 
1, 2) to examine if there are some differences in 
innovation performance levels among the 
categories. Adopters had the highest levels of 
innovation performance in comparing to Non-
adopters and Planners, which is reflected by the 
levels of indicators: Success of new or significantly 
improved products and services development, ROI 
of innovation activities, Market acceptance of 
innovative products and services. New product 
development time is slightly higher compared with 
Non-adopters and planners. The risk of innovation 
activities achieves the highest level in the case of 
adopters. 

 

 

Figure 4 Open innovation status 

 

 

Figure 5 Levels of innovation performance 
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5. CONCLUSION 
The results of the study showed that majority of 
organizations (over 60%) in Slovakia and Hungary 
are in the early stage of implementing OI activities 
but with high potential to do it in a future. Slightly 
over 60% of organizations in Czech Republic don’t 
adopt OI and 20% of them are in the early stage of 
implementing OI activities or planning to adopt OI. 
Organizations in Slovakia and Czech Republic are 
below the EU average in implementing of OI 
practices and levels of OI capabilities, while 
organizations in Hungary are at the level of EU 
average or slightly exceed it. The study showed that 
organizations which already adopted OI reported 
higher increasing level of innovation performance 
over the last three years than those which haven’t 
adopted OI. On the other hand these organizations 
also reported the higher risk of innovation 
activities. A certain limitation of the study was the 
representativeness of the samples for the individual 
countries. However the implication can be deduced 
from the findings of the research for OI strategy in 
the countries and supporting open innovation within 
the national innovation systems. The study can be 
also used within education at Universities.  
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On same way, constrains for material resources 
could be defined. In design the model other 
constrains can be exist. For example: market needs, 
risks link to production of certain products. Risk 
commonly is involved in mathematical model as 
follow: 
for production product xଵ  there exist kଵ  type od 
risks, and each R୩ଵ must be lower then alowed value 
R୩ଵୢ୭, ie: 
 
ܴଵ  ܴଵௗ௭ 

ܴଶ  ܴଶௗ௭ 

... 

ܴ  ܴௗ௭. 

Time of production cycle tଵ for production product 
xଵ , are sum of times each production operation 
t୪ଵand time for transport t୲୰ଵ, ie: 
 

ଵݐ ൌݐଵ   ௧ଵݐ



௧ୀଵ



ୀଵ

	

Utility coefficient of machine capacity are calculated 
on followed way: 
for n-th machine utility are division of realized 
machine hours and available fond of machine hours, 
ie: 

ଵߤ ൌ
ܽଵଵݔଵ  ܽଵଶݔଶ  ⋯ ܽଵݔ

ܽଵ
 

ଶߤ ൌ
ܽଶଵݔଵ  ܽଶଶݔଶ  ⋯ ܽଶݔ

ܽଶ
 

... 

ߤ ൌ
ܽଵݔଵ  ܽଶݔଶ  ⋯ ܽݔ

ܽ
 

Objective function (objective criteria/goal) for 
maximal profit: 
 
ܼ ൌ ܹଵݔଵ  ܹଶݔଶ  ⋯ ܹݔ 

where Wୡ୮ଵ- is selling price per unit of product xଵ. 

Selling price per unit of product x୫ is not constant, 
already depends on product volume for given 
product. 
 
 

 
Fig. Selling price per unit of product depending to 

product volume 
 
Function of selling price per unit could be described 
by quadric function: 
 

ܹ ൌ ܽܳଶ  ܾܳ  ܿ,    Q ∈ ሾ1, ܳ௫ሿ 

Cost per unit could be described on the similar way: 
 

ܹ ൌ ܽଵܳଶ  ܾଵܳ  ܿଵ,    Q ∈ ሾ1, ܳ௫ሿ 

Function of selling price and costs per unit could be 
add up, and final result represent function of profit: 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Function of profit 
 

Profit per unit of product is subtraction of selling 
price per unit and costs per unit: 
݀ ൌ ܹ െ ܹ ൌ ሺܽ െ ܽଵሻܳଶ  ሺܾ െ ܾଵሻܳ  ሺܿ െ
ܿଵሻ,    Q ∈ ሾ1, ܳ௫ሿ 

for n-th product, ie: 
݀ଵ ൌ ሺܽଵ െ ܽଵଵሻݔଵଶ  ሺܾଵ െ ܾଵଵሻݔଵ  ሺܿଵ െ ܿଵଵሻ,    
ଵݔ ∈ ሾ1,  ଵ௫ሿݔ

݀ଵ ൌ ሺܽଶ െ ܽଶଵሻݔଶ
ଶ  ሺܾଶ െ ܾଶଵሻݔଶ  ሺܿଶ െ ܿଶଵሻ,    

ଶݔ ∈ ሾ1,  ଶ௫ሿݔ

݀ ൌ ሺܽ െ ܽଵሻݔଶ  ሺܾ െ ܾଵሻݔ  ሺܿ െ
ܿଵሻ,    ݔ ∈ ሾ1,  ௫ሿݔ

and total profit will be: 
 
݀ ൌ ∑ ሺܽଵ െ ܽଵሻݔ

ଶ
ୀଵ  ∑ ሺܾ െ ܾଵሻݔ


ୀଵ 

∑ ሺܿ െ ܿଵሻ

ୀଵ ݔ    , ∈ ሾ1,  ௫ሿݔ

ܹ

ܳ 1

ܹ

ܹ 
 

ܳ 
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By equalizing total profit function with zero, will be: 
 
∑ ሺܽଵ െ ܽଵሻݔ

ୀଵ  ∑ ሺܾ െ ܾଵሻ


ୀଵ ൌ 0  (1) 

 
Function of capacity utilization (in percent) is linear 
and is in direct dependence with volume of 
production of m-th product: 
 

ߤ ൌ
భ௫భାమ௫మା⋯ା௫


 = 

భ

ଵݔ 

మ


ଶݔ 

⋯



 ݔ

ߤ ൌ ∑
ೕ
ೕ
ݔ

,
ୀଵ,ୀ                            (2) 

By replacing (1) in (2), we can get optimal value of 
production volume.  In case of 3 optimal criteria 
(profit, cost and capacity utilization) only one 
solution for product volume exist. This formula can 
be used instead of multicriteria analysis. 
 
2. EXAMPLE 
 
In this specific example from production practice, it 
is shown application suggested methodology. Data 
in presented example is form Insa factory for 
production water meter. In presented example, 6 
type of water meter is observed (C1, C2, … C6).  
 

Tab.1.  Selling price              
Volume C1 C2 C3 C4 C5 C6 

1 4778 4284 4017 6774 12707 34798 
10 - - - - 11436 31318 
50 4634 4155 4866 6570 10800 29578 
100 4539 4069 4766 6096 - -

1000 4061 3641 4515 5757 - -
2000 3822 3427 4013 5419 - - 

 
Tab.2. Costs 

Volume C1 C2 C3 C4 C5 C6 
1 3630 3150 3920 4740 9210 28900 

10 - - - - 8930 25410 
50 3500 3120 3900 4690 8640 22050 
100 3250 3102 3900 4640 - - 

1000 2945 3063 3750 4357 - - 
2000 2712 3020 3700 4320 - - 

 

Tab.3. Profit 
Volume C1 C2 C3 C4 C5 C6 

1 1148 1134 1097 2034 3497 5889 
10 - - - - 2506 5908 
50 1134 1035 966 1880 2160 7528 
100 1289 967 866 1456 - - 
1000 1116 578 765 1400 - - 
2000 1110 407 313 1099 - - 

 
For water meter C1 stands: 

ଵܥ ൌ 2.1622 ∙ 10ିହ ∙ ଶݔ െ 0.87 ∙ ݔ  4697.12 

ଵᇱܥ ൌ 2 ∙ 2.1622 ∙ 10ିହݔ െ 0.87 ൌ 0 

భᇲݔ ൌ 2011.8 

ଵܥ ൌ 1.988 ∙ 10ିସ ∙ ଶݔ െ 0.79 ∙ ݔ  3506.83 

ೖభᇲݔ ൌ 1986.9 

݀ଵ ൌ 0.1742 ∙ 10ିସ ∙ ଶݔ െ 0.08 ∙ ݔ  1190.3 

ௗభݔ ൌ 2183.9 

By repeating presented steps for each of observed 
water meter, we can get next results: 
 
ଶܥ ൌ 1.94 ∙ 10ିସ ∙ ଶݔ െ 0.778 ∙ ݔ  4211.33 

ଶܥ ൌ 1.61 ∙ 10ିହ ∙ ଶݔ െ 0.086 ∙ ݔ  3129.31 

݀ଶ ൌ 1.779 ∙ 10ିସ ∙ ଶݔ െ 0.69 ∙ ݔ  1082.02 

ଷܥ ൌ െ3.035 ∙ 10ିହ ∙ ଶݔ െ 0.384 ∙ ݔ  4907 

ଷܥ ൌ 5.869 ∙ 10ିହ ∙ ଶݔ െ 0.2263 ∙ ݔ  3983.7 
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݀ଷ ൌ െ8.9 ∙ ଶݔ െ 0.158 ∙ ݔ  990.2  ସܥ ൌ 2.91 ∙ 10ିସ ∙ ଶݔ െ 1.14 ∙ ݔ  6550.9 

ସܥ ൌ 1.67 ∙ 10ିହ ∙ ଶݔ െ 0.53 ∙ ݔ  4717.4 

݀ସ ൌ 1.25 ∙ 10ିସ ∙ ଶݔ െ 0.611 ∙ ݔ  1833.61 

ହܥ ൌ 2.557 ∙ 10ିସ ∙ ଶݔ െ 169.3 ∙ ݔ  12873.9 

ହܥ ൌ 0.487 ∙ 10ିହ ∙ ଶݔ െ 36.467 ∙ ݔ  9245.9 

݀ହ ൌ 2.07 ∙ 10ିସ ∙ ଶݔ െ 132.88 ∙ ݔ  3627.8 

ܥ ൌ 7.003 ∙ 10ିସ ∙ ଶݔ െ 463.7 ∙ ݔ  35254.7 

ܥ ൌ 6.199 ∙ 10ିହ ∙ ଶݔ െ 455.97 ∙ ݔ  29349.7 

݀ ൌ 0.78 ∙ 10ିସ ∙ ଶݔ െ 6.506 ∙ ݔ  5894.7 

In tab 4 and 5 are given results of calculation and deviation between optimal volume of product obtained form 
different criteria. 
 
Tab.4. Profit 

 C1 C2 C3 C4 C5 C6 
′ݔ  2011.8 2030.9 -6326 1958.7 33.1 33.1 

′ೖݔ  1986.9 2670.8 3855 1586.8 37 36.77 

′ௗݔ  2183.9 1939.8 -887.64 2444 32 4.7 

 
Tab.5. Results 
Water meter C1 C2 C3 C4 C5 C6 

deviation  ݔௗ′ and ݔ′  172.1 -91.1 5438.36 485.3 -1.1 -28.4 

deviation    ݔௗ′ i ݔೖ′  197 -731 -4742.64 857.2 -5 -32.07 

deviation in percent ݔௗ′ and ݔ′  7.88% -4.70% -612.68% 19.86% -3.44% -604.26% 

deviation in percent ݔௗ′ and ݔೖ′  9.02% -37.68% 534.30% 35.07% -15.63% -682.34% 

 
Production volume should converges to xୢᇲ value. 

As deviation xୢᇲ between xେ౦ᇲ  or xେౡᇲ  is greater, there 

exist greater need for calculation of xୢᇲ  because 

area of admissible solution is bigger. 
Optimal production volume (xୢᇲ ) in good designed 

production processes should be equivalent 
exploitation capacity machines and workers 
resources. In shown example, water meter C1 i C4 
has low deviation optimal volume value from 
extreme of profit and cost functions. This is very 
important in serial type of production. Other 
products in given example are very sensitive in 
aspect to production volume value, specially product 
C3 and C6, so that some serial volume could lead to 
loss. 
  
3. CONCLUSIONS 
Paper shows methodology for optimization 
production process and its application in specific 
business production system.  Basic methodology 
starts form creating optimal criteria and constrains 
for each product in production program. By adopting 
that some of criteria are quadric function 
(elimination of linear approximations), extremes of 
function was searching. Combining two or more 

functions for optimal criteria sets, we gets single 
solution for optimal volume value for each product 
in production program.  
Paper gives insights in real practice problems in 
business production systems where serial type of 
production exist, because not all serial volume are 
cost-effective when we take into account all aspect 
of production resources utility. 
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3.1.4.3. Direct assigning of the courses to the student 53 
3.1.4.4. Reporting of assigned courses 54 
3.2. Exams and results 30 
3.2.1. Pre-payment obligations 31 
3.2.1.1. Filling signature 55 
3.2.1.2. Disclaimer from signature 56 
3.2.1.3. Reporting 57 
3.2.2. Exams 32 
3.2.2.1. Management of examination period 58 
3.2.2.2. Management of exams 59 
3.2.2.3. Exams application 60 
3.2.2.4. Exams applied students 61 
3.2.2.5. Result processing 62 
3.2.2.6. Result analysis 63 
3.2.3. Graduation thesis 33 
3.2.3.1. Application for graduation thesis 65 
3.2.3.2. Checking the pre-request for graduation 66 
3.2.3.3. Graduation records 67 
4. Analyzes and Administration 4 
4.1. Analyzes 34 
4.1.1. Choice of analysis 102 
4.1.2. Transient analysis 103 
4.1.3. Continuity of student status 104 
4.2. Reports 35 
4.2.1. Report selection 105 
4.2.2. Student Finance Reports 106 
4.2.3. Students by years and subjects 107 
4.2.4. Graduates and graduates 108 
4.3. Administration 36 
4.3.1. Graduation Administration 109 
4.3.2. Contract administration 110 
4.3.3. Administration of the code book 111 
5. Exchange 5 
5.1. Exchange with the University 37 
5.1.1. Import from ISU 38 
5.1.2. Export to ISU 39 
5.2. Exchange with the faculty website 40 
5.2.1. Import from Student Service 41 
5.2.2. Export to the base of the website 42 
5.3. Exchange with staff services 43 
5.4. Exchange with financial services 44 

 
Failure detection was performed only for process ID3 
in this experimental research.  Aim of research was to 
detect type of failure, multiplication of failure though 
different processes, detection process with multiple 
failures, except plain failure detection. 
Table 2 shows list of detected failures.  
 
Tab 2. Identification of failures 

Proce
ss ID 

Fail
ure 
ID 

Failure 
Type of 
failure 

3.1.2.1
. 

F1 Creating an incorrect version of 
the course 

S System 

3.1.2.1
. 

F2 Access the wrong course for 
creating a performance 

P Process 

3.1.2.1
. 

F3 
Wrong semester for course 

S System 

3.1.2.2
. 

F4 
Non complete data for course 

S System 

3.1.2.2
. 

F5 Wrong ranking of teachers for 
course  

S System 

3.1.3.1
. 

F6 Wrong query for module 
creating  

P Process 

3.1.3.2
. 

F7 Non assigned courses for 
module 

S System 

3.1.3.3 F8 Optional course is not on right S System 

. place in list 
3.1.3.3

. 
F9 Excel table is changed in 

accordance to required  
P Process 

3.1.4.1
. 

F10 Not updated data about student 
wishes 

S System 

3.1.4.1
. 

F11 Wrong student ranking 
calculation 

P Process 

3.1.4.1
. 

F12 Wrong student ranking 
calculation 

P Process 

3.1.4.1
. 

F13 Student wishes is not clear 
stated  

S System 

3.1.4.1
. 

F14 Wrong data for student course 
choice 

S System 

3.1.4.1
. 

F15 Not available data about student 
wishes  

S System 

3.1.4.2
. 

F16
Slow down system work 

S System 

3.1.4.3
. 

F17
Added non active courses 

S System 

3.1.4.3
. 

F18 After the assignment of the 
course to the student, it is 
necessary to repeat the complete 
procedure for the next course 

P Process 

3.1.4.4
. 

F19
Non updated list 

S System 

3.2.1.1
. 

F20 Signature in current year is 
accepted as signature form 
previous year 

S System 

3.2.1.1
. 

F21 Signature form course with new 
ID 

S System 

3.2.1.2
. 

F22 Disclaimer from signature is not 
processed. 

S System 

3.2.1.3
. 

F23 Lists of compulsory course and 
lists by shifts are not compatible 

S System 

3.2.2.2
. 

F24 Creating an exam with a 
nonconforming year of the 
exam  

S System 

3.2.2.3
. 

F25 The exam is classified in the 
wrong category which allows 
for free registration of the exam 

S System 

3.2.2.3
. 

F26 Applying for the exam is in 
wrong category that requires 
payment of the exam 
application 

S System 

3.2.2.3
. 

F27 The exam was also submitted at 
the same time through the 
student service and through the 
student service desk 

S System 

3.2.2.4
. 

F28 List of student with non-existent 
date of exam 

S System 

3.2.2.4
. 

F29 List registered with a duplicate 
student 

S System 

3.2.2.5
. 

F30 Subsequently entered exam 
mark was not processed 

P Process 

3.2.2.5
. 

F31 Compromised content of XMF 
file 

P Process 

3.2.2.5
. 

F32 Unacceptable entry of a 
student's grade for the course 

P Process 

3.2.2.5
. 

F33 Incorrect number of indexes 
added subsequently to the 
student 

P Process 

3.2.2.5
. 

F34
Invalid XML file with ratings 

P Process 

3.2.2.5
. 

F35 Incompatible XML file with 
"offline exam management 
program"  program 

P Process 

3.2.2.5
. 

F36 Unacceptable student rating 
input 

P Process 

3.2.2.6
. 

F37 Invalid analysis of passing 
through from exams 

S System 

3.2.3.2
. 

F38 Incorrect analysis of the 
completeness of the study 
program with the exact number 
of exams 

P Proces 
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3.2.3.2
. 

F39 An inaccurate analysis of the 
study program's fulfillment with 
the exact number of ESPB 

P Proces 

3.2.3.3
. 

F40 The date of graduation is not the 
last date of fulfilled obligations 
of the student 

S System 

3.2.3.3
. 

F41 Commission members 
incorrectly sorted 

S System 

3.2.3.3
. 

F42 Disagreement of the average 
grade in the entered data on 
graduation and in the software 
budget 

S System 

3.2.3.3
. 

F43 The final exam at the BSc study 
program is not the last one 

S System 

 
On the figure 1, is given diagram of process for  this 
specific example. 
 

 
Fig. 1. Flow data diagram 

 
Table 3 shows number of failures by process. 
 
Tab.3. No of failures by process ID 

Process ID Failure ID No of failures 
3.1.2.1. F1, F2, F3 3 
3.1.2.2. F4, F5 2 
3.1.3.1. F6 1 
3.1.3.2. F7 1 
3.1.3.3. F8, F9 2 
3.1.4.1. F10, F11, F12, 

F13, F14, F15 
6 

3.1.4.2. F16 1 
3.1.4.3. F17, F18 2 
3.1.4.4. F19 1 
3.2.1.1. F20, F21 2 
3.2.1.2. F22 1 
3.2.1.3. F23 1 
3.2.2.2. F24 1 
3.2.2.3. F25, F26, F27 3 
3.2.2.4. F28, F29 2 

3.2.2.5. F30, F31, F32, 
F33, F34, F35, 

F36 

7 

3.2.2.6. F37 1 
3.2.3.2. F38, F39 2 
3.2.3.3. F40, F41, F42 3 

 
Fig 2 shows no of failures by the process. It is clearly 
shown that processes 3.1.4.1. and 3.2.2.5. generate the 
most different type of failures. 
 

 
Fig. 2. No of failures by process ID 

 
Probability of detected failures is next step in analysis 
observed student service information system. 
According to [4] failure rate could be defined as total 
number of failures divided by total time expended: 
 

ሻݐሺߣ ൌ
݂ሺݐሻ
ܴሺݐሻ

 

where: 
 ሻ - failure rateݐሺߣ
݂ሺݐሻ - time to (first) failure distribution  
ie. failure density function 
ܴሺݐሻ ൌ 1 െ  ሻ - probability of no failure before timeݐሺܨ
t. 
For dependent events, dependent failures we must 
apply conditional probability: 

ሻݐሺߣ ൌ
ܴሺݐଵሻ െ ܴሺݐଶሻ
ሺݐଵ െ ଶሻݐ ∙ ܴሺݐଵሻ

 

or 

ሻݐሺߣ ൌ
ܴሺݐሻ െ ܴሺݐ  ሻݐ∆

ݐ∆ ∙ ܴሺݐሻ
 

In observed information system we didn't have times 
spent in failures, so next suggestion is to add system 
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adding for measuring time spent in failure and if this 
failure cause failure of other process working.  
Same problem was detect by frequency of failures. As 
frequency of failures is not recorded before, as its 
detection isn't performed. So, the next suggestion to 
new improvement of observed information system is to 
record detected list of failures. 
Influence of one failure on other process or stoppage 
whole system is related to failure severity. Failure 
severity was assessed in this research by the expert 
team, scale 1-5 (1-lowes, 5-highes). 
 
Tab. 4.  Failure severity 

Failure 
ID 

Severity Failure ID Severity 

F1 5 F21 3 
F2 1 F22 5 
F3 5 F23 5 
F4 5 F24 5 
F5 5 F25 3
F6 5 F26 5
F7 5 F27 5 
F8 5 F28 3 
F9 5 F29 5 
F10 5 F30 3 
F11 1 F31 5 
F12 1 F32 3 
F13 5 F33 3 
F14 5 F34 2 
F15 5 F35 1 
F16 5 F36 5 
F17 5 F37 1 
F18 5 F40 5 
F19 5 F41 5 
F20 5 F42 3 
F21 3 F43 3 
F22 5 F40 5 
F23 5 F41 3 

  
Table 4 shows number of different failure severity 
assessment. Very large number failure ID has the 
highest marks. This unfavorable data indicates fast 
action measurement for preventing failures in data 
flow. 
 
Tab. 4.  Failure severity analysis 
Severity 
assessment 

No of severity 
assessment 

1 5 

2 1 

3 9 

5 28 

Total 43 
 

 
Fig. 3. Number of severity assessment 

 
 
3. CONCLUSIONS 
Paper shows practical example of failure detection in 
information system data  flow.  Information system of 
student services was decomposed on key process, and 
for each process failure type in data flow was detected. 
Some of process has more different  type of failures 
then others. In this paper process with the most 
different failure types in data flow was detected. For 
observed information system,  research indicates in 
next improved version, to introduce metrics for time 
spent in different failures and frequency of different 
failures occurrence. Also, this research shows severity 
marks for each of detected failures. High score of 
failures severity indicate action measure for preventing 
failures. 
. 
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Abstract. The paper shows study in maintenance 
optimization process by defined criteria. Complex 
mathematical description of system is avoided 
because of reasons of complexity and uncertainty. 
Based on literature review and own research, as an 
optimization method is used approximate algorithm. 
The obtained result can be used with high 
confidence. 
Key words: maintenance, simulation optimization, 
model 
 
1. INTRODUCTION 
In the maintenance field, one of the most popular 
areas is optimization. Strictly in mathematical terms, 
optimization is defined as the process of finding the 
conditions that give the maximum or minimum 
value of a function. Consequently, it is required that 
a specific problem is described mathematically, for 
example [1]: 
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where f(X) is objective function, X is n-dimensional 
vector named design vector, g and l are constrains. 
In maintenance, optimization problem is growing 
when problem is usually complex and difficult for 
mathematical description.  
Authors [2-4] describe a variety of optimization 
models in maintenance.  As one approach with the 
greatest possibilities for optimization of complex 

problems, they describe the modeling, simulation 
(discrete event, stochastic simulations) and 
optimization process. More importantly, they found 
that there is a small connection between practice and 
scientific research. In addition, existing 
mathematical models are difficult to understand and 
interpret. 
 
2. SIMULATION OPTIMIZATION 
Simulation optimization is the remarkable 
simulation technology in the recent time [5]. 
Nowadays, main simulation software’s have 
embedded optimizers fully integrated into simulation 
packages.  The term simulation optimization is a 
wide term for methods applied to optimize stochastic 
simulations [6]. Simulation optimization comprises 
examine for specific settings of the input parameters 
to a stochastic simulation such that a target 
objective, which is a function of the simulation 
output, is, without loss of generality, minimized. As 
opposed to algebraic model-based mathematical 
programming, simulation optimization does not 
suppose that an algebraic description of the 
simulation (simulation uses model of system that 
represent real problem) is available, the simulation 
may be available as a black box that only allows the 
evaluation of the objective and constraints for a 
particular input. The nature of the stochastic 
simulations under study will determine the specific 
technique chosen to optimize them. The simulations, 
which are frequently discrete-event simulations, may 
be partly available to us in algebraic form, or may be 
completely available as an input-output model (as a 
black box); they may have single or multiple 
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outputs; they may have deterministic or stochastic 
output(s); they may include discrete or continuous 
parameters; and they may or may not contain 
explicit, or even implicit/hidden constraints. 
Common simulation optimization problem can be 
represented by [6]: 
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Here, f is objective function, continuous inputs x, 
discrete inputs y, and vector ω is realization of 
random variables. Constraints are represented by 
vector value function g (evaluated with each 
simulation run). Other constraints are represented by 
h, and there are bound constraints on the decision 
variables. 
As in usual optimization problem, also the 
simulation optimization problem is defined by main 
components: 1. input and output variables; 2. 
objective function; 3. constraints. 
There are various categorizations provided for 
various optimization approaches. One such 
categorization is shown in Figure 1 [7]. 
 

 
Figure 1. Categorization of optimization approaches  
 
Optimization methods and algorithms are classified 
into two sets: exact algorithms and approximate 
algorithms. The exact algorithms can exactly find 
the most optimized response; however, they have no 
efficiency for complicated optimization problems 
and their solution time increases exponentially in 
these problems. On the other hand, the approximate 
algorithms are able to find reasonable responses for 
difficult optimization problems. The approximate 

algorithms are classified into two groups: heuristic 
and meta heuristic algorithms [8]. 
 
3. PROBLEM 
In maintenance optimization problems, the bulk of 
papers describe very simple technical system or 
simple organization [2-3]. Moreover, field 
maintenance is not well explored. This is a reason 
why we examine maintenance system with dispersed 
maintenance facilities, with numerous and different 
types of equipment and strong interconnections 
among maintenance subsystems.  Our goal is to 
achieve highest equipment availability in connection 
to desired resource utilization.  
 
4. METHODOLOGY 
We defined model of complex maintenance process 
in Arena Simulation® software package. This model 
describe maintenance process with all dominant 
influence factors: maintenance capacity (by 
personnel), number of maintenance requests over 
time (preventive and corrective), logistic delay 
times, spare parts timing, distance of equipment to 
workshop, price of all activities and materiel and 
MTTR. Model tuning is based on historical 
maintenance data. The simplified model is shown in 
Figure 2. Purpose of model is given in detail in [9]. 
 

 
Figure 2. Maintenance model [9] 

 
With this model we have established an excellent 
instrument for system reconstruction and evaluation, 
but also one excellent prognostic tool. Figure 3 [9] is 
an example of resource usage over time. 
 

 
Figure 3. Display of mechanic work utilization 
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However, the peak of the use of the model is 
optimization by the desired criterion. Arena package 
has embedded optimization engine OptQuest. 
According to [10-11], finding an optimal solution 
for a simulation model generally requires search in a 
heuristic or meta-heuristic manner.  Simulation 
optimization is based mainly to approximate 
algorithms. Many meta-heuristic optimization 
methods have been developed to solve hard 
optimization problems. Performances and efficiency 
of such algorithms are discussed in [12-14]. 
After determining the outcome of the model with 
one set of control values, OptQuest uses its search 
algorithm to establish a new set of values and 
repeats the simulation run process. OptQuest’s main 
optimization engine is based on the Scatter search 
methodology coupled with Tabu search strategies to 
obtain high quality solutions to problems defined in 
complex settings. The OptQuest GUI is shown in 
Figure 4. 
We are especially interested in highest possible 
value of repaired means (e.g. vehicles)-our objective 
function, minimum of waiting means for 
maintenance (e.g. no more than 5)-constraint, and 
control variable - number of resources.  
 

 
Figure 4. The OptQuest GUI 

 
In software context, objective function is defined as: 
„maximize 
([Kamion.NumberOut]+[Kamion2.NumberOut])“; 
constraint is defined as: 
 „ [Match1.Queue1.NumberInQueue] <=5, 
[Match2.Queue1. NumberInQueue] <= 5“, and 
control variable are limited by value from 0 to 2. 
The result of simulation optimization is shown in 
Figure 5 (simulation steps) and Figure 6 (rank of 
solutions). 

 
Figure 5. Optimization via simulation- steps 

 

 
Figure 6. Solutions table 

 
The effect of optimization is shown in figure 7.  
 

 
Figure 7. Optimization result 

 
The increase in resources by 10 percent has resulted 
in increased availability of equipment by 15-20 
percent. It is very important to point out that a 
solution is accepted that is not first in the ranking . 
Namely, the best solution in terms of the number of 
mechanics, requires a significant increase in the 
number of mechanics with insignificant benefit in 
terms of availability.  
 
5. CONCLUSIONS 
Our developed model is based on one type of 
common category of equipment. It is clear that it can 
be multiplied and generalized. Optimization of 
process without mathematical description of 
problem, but based on mathematical foundation, is 
clearly demonstrated. Future researches could go in 
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the direction of comparing results with exact 
optimization algorithms. 
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number of our visits to a site and the like, or 
everything that directly or indirectly can point to us. 
We create our own personal data that inevitably 
follow us through life and point to us. Every time we 
used a social network or broke the Internet, we left 
some of the personal traces on it. 
By browsing the internet, you've often encountered 
some of the questions that someone asked you for 
permission that you did not read carefully. At the 
present time, not only high-tech companies, their 
product and service placement, growth and 
development are based on the collection of various 
types of data. A lot of companies have processed 
these data to perfection. Have you ever wondered 
how some sites like Facebook persist, as if Viber or 
WhatsApp are free? You must already know the 
answer - by processing and by direct use or resale of 
your personal information. Our personal data are the 
most sought-after goods in the 21st century. 
When we take it all in consideration, we can say that 
our data is collected in different ways and processed 
for different purposes. They are collected through 
social networks, through cookies when visiting some 
websites; they are picked up by various institutions 
and organizations. We must not forget that personal 
data is collected by our parent organization, any 
public institution such as a municipality, a school or 
a hospital, any organization dealing with video 
surveillance, banks and many others. 
Some believe that the application of this regulation 
will primarily affect marketing companies and 
online businesses, but the question arises as to 
whether it will really protect our personal data from 
unauthorized use. For starters, it will be enough if 
we do not use private e-mails to relate a variety of 
products, when reading texts on the sites, they will 
not interfere with various advertisements and other 
information that constantly drag us and draws 
attention and spend valuable time. 
 
3. WHERE IS CONECCTION OF ISO/IEC 
27001 AND GDPR 
The ISO / IEC 27001 standard provides a great 
starting point for achieving the technical and 
operational conditions necessary to prevent the 
violation of the General Data Protection (GDPR) 
Regulation. 
In fact, the company that implemented ISO 27001 
has already done at least half the work to achieve 
GDPR compliance by reducing the risk of non-
compliance with basic requirements in relation to 
information security. 

The GDPR requirement does not differ much from 
the requirements of the management system 
standard, where it is said that organizations must 
establish appropriate policies, procedures and 
processes to protect the personal data they possess. 
Article 42 of GDPR organizations are offered the 
possibility to comply with the requirements of 
GDPR by obtaining the appropriate certificate. 
Standard ISO / IEC 27001 with accompanying 
standards which are not for certification but 
represent good practice for companies from the 
aspect of information technology security techniques 
based on the general basics of all management 
systems. 
Within the ISO organization, as an adequate 
assistance in the implementation of the GDPR, it is 
soon before the final adoption of the standard 
ISO/IEC CD 27552 - Information technologies - 
Security techniques Enhancement to ISO/IEC 27001 
for privacy management - Requirements that will 
precisely offer an adequate solution for the 
application GDPR. 
Article 32 of the GDPR Regulation requires the 
organization or "controller or processor" to carry 
out, if necessary, appropriate technical and 
organizational measures to ensure the level of 
security that corresponds to risk, including, inter 
alia, the following: pseudonymization and 
encryption of personal data; the ability to ensure the 
current confidentiality, integrity, availability and 
resilience of processing systems and services; the 
ability to timely renew the availability and access to 
personal data in the event of a physical or technical 
incident; a process for regular examination, 
assessment and assessment of the efficiency of 
technical and organizational measures taken to 
ensure the safety of processing. 
This Article 32 also requires the identification and 
mitigation of the risk of "accidental or unlawful 
destruction, loss, alteration, unauthorized disclosure 
or access to personal data". Application of the 
information management system to the information, 
that is, the application of ISO / IEC 27001 or ISMS 
abbreviated ISMS, all of the above requirements can 
be fulfilled. 
Applying the ISO / IEC 27001 standard will result in 
a comprehensive data security not only for personal 
data, but also for data that represents intellectual 
property and organizational information. ISMS also 
provides an integrated set of recommended policies, 
procedures, documents and technologies, as well as 
an effective way of managing, re-examining and 
improving your information system. 
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Compliance with the requirements of ISO / IEC 
27001 means that you have taken steps to regularly 
identify and manage risks related to the security of 
information or data, which helps you to deal with the 
threats that each organization has in its market 
survival and development. The standard itself 
provides guidance for identifying and implementing 
appropriate measures to mitigate the security of 
information, with recommended technical measures 
that are in line with the requirements of the GDPR. 
Certification ISO/IEC 27001 provides a noun and 
impartial assessment of the fulfillment of 
information security requirements and is a test that 
your ISMS complies with internationally accepted 
standards of good practice of information security, 
and at the same time is a convincing evidence that 
you have taken the necessary measures to comply 
with the requirements of the GDPR- a. 
 
What are the measures recommended by 
ISO/IEC 27001? 
 
Cryptography, or data encryption, is a measure 
recommended in the ISO/IEC 27001 standard to be 
undertaken in order to reduce the identified risks. 
ISO / IEC 27001 describe 114 controls that can be 
used to reduce the security of information. Since the 
controls implemented by the organization are based 
on ISO / IEC 27001, the organization will be able to 
identify what is at risk, and what assets and what 
requirements encryption requires in order to 
adequately protect it. 
 
Risk assessment. ISO/IEC 27001 provides guidance 
organizations to conduct a detailed risk assessment 
by identifying threats and vulnerabilities that may 
affect the organization's IT assets, or assets bearing 
certain information, and take steps to ensure the 
confidentiality, availability and integrity of such 
data. The GDPR specifically requires a risk 
assessment to ensure that the organization identifies 
risks that may affect the security of personal data. 
Business continuity. ISO/IEC 27001 emphasizes 
the importance of business continuity management, 
providing a set of controls that will help the 
organization to protect the availability of 
information in the event of an incident and to protect 
critical business processes from the effects of major 
disasters in order to ensure their timely restoration. 
When talking about the continuity of the possession, 
we must not forget the standard ISO 22301, Social 
Security-Business Continuity Management Systems-
Requirements. 

Testing the assessment. After the validation, each 
organization is obligated to comply with the 
requirements of the standards to verify and evaluate 
the degree of implementation of the requirements of 
the ISO/IEC 27001 standard. An external check is 
carried out by certification companies that are 
organized periodically as well as interns in order to 
confirm the applied data protection measures as well 
as continuous improvement ISMS. 
Regardless of the fact that these are not strictly 
stated and other requirements of the ISO/IEC 27001 
standard as the requirements required for fulfilling 
the GDPR, they represent support processes that are 
necessary for the effective functioning of the entire 
organization from the aspect of information security. 
ISO/IEC 27001 can help meet the requirements of 
GDPR in these nine ways: 
1. Certification-designated expert assessment of the 
certification body supported and recognized by the 
GDPR. 
2. Security-certification scheme as a certain kind of 
guarantee that an organization effectively manages 
the information security risks. 
3. Not only electronic data are concerned-the 
standard applies to all media that carry certain 
information, such as IT equipment, paper form, but 
also people. 
4. Control and safety framework-represents the 
choice of appropriate technical equipment and 
organizational controls to mitigate the identified 
risks. 
5. People, processes and technology - the standard 
includes these three essential aspects of information 
security. Threats according to the standard can be 
not only technological but also risks based on poor 
information or inefficient work procedures. 
6. Responsibility - the established system must be 
supported by the highest management and integrated 
into organizational strategy and culture. Also, the 
ISMS clearly defines the need to establish clear 
responsibility for data protection throughout the 
organization 
7. Risk assessment-Conduct regular risk assessments 
in order to identify threats and vulnerabilities that 
may affect information security. From this aspect, 
GDPR insists that special attention be paid to risks 
related to personal data 
8. Continuous improvement-the organization is 
required to continuously monitor, review and 
improve its ISMS. Accordingly, ISMS needs to be 
constantly adapted to changes, as well as 
continuously work on identifying and reducing risks. 
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9. Regular examination and review - this is done in 
order to provide proof of compliance with the GDPR 
and confirmation of system efficiency. ISMS must 
be checked in accordance with ISO 19011, 
Management System Checking Guide. 
 
4.  GDPR AND OTHER RELATED ISO 
STANDARDS 
The ISO/IEC 27000 series contains a set of 
standards to support the application of ISO/IEC 
27001 standards. The umbrella standard as ISMS 
support are standards ISO/IEC 38505-1 and 
ISO/IEC 38505-2 that provides basic principles for 
the top management in organizations about the 
efficient and acceptable use of data within their 
organizations, using the system management, in 
other words governance of data in organization.  
If we talk about privacy framework there is ISO/IEC 
29100 standard. For “what we can do” there are: 
ISO/IEC 29314, Guidelines for privacy impact 
assessment; ISO/IEC 29151, Code of practice for 
personally identifiable information protection; 
ISO/IEC 27002, Code of practice for information 
security controls, ISO/IEC 27018, Code of practice 
for protection of personally identifiable information 
(PII) in public clouds acting as PII processors; 
ISO/IEC 27552 (under development), Enhancement 
to ISO/IEC 27001 for privacy management- 
Requirements. In faze for reducing a risk we can use 
following standards: ISO/IEC PDTR 27550, 
Security technique-Privacy engineering (under 
development); ISO/IEC CD 29184 Guidelines for 
online privacy notices and consent under 
development);  ISO/IEC 29190, Security techniques-
Privacy capability assessment model. 
The new standard ISO/IEC CD 27552, which is still 
in the development phase, was created on the 
initiative of the French Data Protection Officer 
(CNIL). This standard sets requirements for the 
implementation of the Personal Data Management 
System (PIMS). This standard, although it is 
intended for certification, is planned to completely 
replace certification requirements for organizations 
according to ISO / IEC 27001 standard. 
 
5. CONCLUSIONS 
As many times before, the ISO organization has 
demonstrated its promptness in following the world 
trends and legislative foundations in world practice. 
The development of information technology and Big 
Date has made it a matter of privacy that it became a 
thing of the past and that today it is no longer a 

question of whether we can reach any information, it 
is a question of time and ease of access. 
The ISO/IEC 27000 series helps us shorten the time 
and take good practice in keeping our information in 
the organization and will surely require a lot of 
effort, that is, both the organizational measures and 
the money resources to ensure the security of our 
information. 
How much will it cost me to adjust to the GDPR and 
how fast do I have to adjust? The law, both within 
the EU and in our country, but not with such drastic 
measures and requirements, is already in force. At 
the beginning of 2018, or only a few months until 
the full implementation of the GDPR regulation, 
Veritas conducted a survey based on which it found 
that only 2% of respondents really adjusted their 
way of applying the GDPR regulation, but 31% said 
it was fully applied. Some estimates are that the 
companies in Serbia will cost an average of 50,000 
EUR per organization, without the cost of external 
consultants, employment of the Data Protection 
Officer (DPO). 
As a summary of all of the above, if the organization 
has not already started implementing the ISO / IEC 
27001 standard, it is already late. 
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introduction of a new method, that is, principally 
and substantially a new way of observing the 
problem of measuring and improving the 
effectiveness of the management system. This paper 
depicts one such new method, called the Response 
Time Method. 
 
The response time method (response = reaction 
speed) is based on the fact that the effectiveness of 
the management system is directly dependent on the 
system's level of implementation and its readiness to 
take effect and to achieve the expected outputs in the 
minimum time and given environmental conditions. 
[10] 
 
Data analysis of the response rate is presented here, 
that is, the analysis of the time segments that have 
elapsed since the implementation of the Internal 
Audit to the start-up and closing of Corrective 
Measures resulting from Internal Audit (response 
rate). For the purposes of this analysis, the data 
collected through the software application "ISO 
9000", developed by the authors, tested and 
implemented for continuous use in the organizations 
managing the fleets: Euro Sumar llc; Delta Motors 
llc; TC Lastra llc and TC Lasta AD. 
 
2. ANALYSIS OF MANAGEMENT SYSTEM 
RESPONSE TIME 
In accordance with the standard requirements, the 
decision on the number of audits and periodicity of 
the internal audit is left to the organizations, i.e. their 
assessment and, accordingly, the planning of the 
audit. All four analyzed companies planned two 
internal audits on an annual basis, mainly during the 
first half of the year and the second, before the end 
of the year. 
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20
17

 

Euro Sumar llc 2 2 2 2 2 2 
TC Lastra llc 1 2 2 2 2 2 
Delta Motors 
llc 

2 2 2 2 2 2 

TC Lasta ad 2 2 2 2 2 2 
Table 1: Number of conducted internal audits yearly 

 
After conducting an internal audit, reviewing the 
findings, and forming a report, the Person 
responsible for managing the system, together with 
the executives in whose organizational parts (or 
processes) the nonconformity has been identified, 

launches appropriate measures. The time period for 
initiating corrective measures after the completed 
internal audit is not defined by the standard, but it is 
definitely one of the important parameters for 
assessing the effectiveness of the management 
system. In Euro Sumar llc it takes one day for the 
implementation of corrective measures, in Delta 
Motors llc, one to three days, in TC Lasta ad, this 
period is 2-3 days, while in TC Lastra llc, that time 
period ranges from one to seventeen days (shown in 
Table 2 and Figure 1). 
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Euro Sumar llc 1 1 1 1 1 1 
TC Lastra llc 0 9 0 17 2 0 
Delta Motors 
llc 

2 1 3 1 1 1 

TC Lasta ad 2 3 3 2 3 3 
Table 2: The number of days that elapsed from 
detecting the nonconformity during the internal 
audit until the corrective action was initiated 

 

 
Figure 1: Graphical representation of the number of 
days that elapsed from detecting the nonconformity 
during the internal audit until the corrective action 

was initiate. 
 
The reasons for such large oscillations in the 
measured times for the initiation of corrective 
measures, can be various - from the fluctuation of 
employees and / or the change of the person in 
charge of system maintenance, to the lack of 
resources (time i.e. workers, workspace, spare parts) 
necessary for smooth functioning system. Whatever 
the reason, large time intervals, from the moment of 
nonconformity discernment to the initiation of a 
corrective measure, are certainly not in favor of an 
effective management system. 
 
Table 3 below shows the number of corrective 
measures that have been initiated on the basis of 
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conducted internal audits yearly. We see that, at the 
beginning right after the implementation of the 
standards, there were far more corrective measures, 
and that, in later years during the application of the 
standard, this number was reduced as a result of 
continuous application, or as a result of 
improvements in accordance with the requirements 
of the standard. We can also see that the number of 
initiated corrective measures is slightly higher with 
TC Lastra llc at the beginning of the 
implementation, which is logical given that it is a 
larger organization with more complex processes. 
We can also see that the number of corrective 
measures in Delta Motors is far greater than in other 
organizations, the reason being the implementation 
of inoprincipal, that is, BMW's standard, and the 
required period of adapting to additional 
requirements. 
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Euro Sumar llc 5 2 0 1 1 1 
TC Lastra llc 8 3 1 2 1 0 
Delta Motors 
llc 

12 22 18 27 4 11 

TC Lasta ad 10 6 5 8 4 5 
Table 3: The number of initiated corrective 

measures yearly 
 
However, in addition to the number of initiated 
corrective measures, a much better parameter for 
assessing the effectiveness of a management system 
is, the number of days that pass from the moment of 
initiation of the corrective measure to the time of its 
closure. This is shown in Table 4 and Figure 2. 
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Euro Sumar llc 32 35 0 24 14 12 
TC Lastra llc 28 62 58 61 40 0 
Delta Motors 
llc 

14 17 10 15 7 10 

TC Lasta ad 25 72 60 72 45 30 
Table 4: Average number of days required to close 

corrective measures 
 
 

 
Figure 2: Graphical representation of the average 

number of days required to close corrective 
measures. 

 
Of course, the large time period required to close the 
corrective measure does not necessarily mean the 
ineffectiveness of the system. The reason may also 
be the complexity of the inconsistency, or its cause, 
which, as a rule, requires the involvement of a large 
number of people for its dislocations, higher 
financial expenditures, etc. 
 
3. CONCLUSIONS 
The system response time is one of the better ways 
to monitor and measure the effectiveness of each 
system (in this particular case of management 
system). Rapid response and response to impulses 
from the environment (either internal or external) is 
a basic requirement for adequate function in a 
dynamic time in which most systems work. 
 
Authors have focused their future research on the 
development of mathematical models and algorithms 
based on experiential and statistical data, and which 
would, therefore, give accurate or approximate (in 
the form of fuzzy functions or fuzzy numbers) 
boundary value for the evaluation of the system's 
response speed, or the evaluation of its effectiveness. 
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IQ (Installation qualification) – The Installation 
qualification is the establishment of documented 
evidence that the equipment and belonging systems 
are properly installed and should include at least the 
following: checking the correctness of the 
installation of components, instruments, equipment, 
pipelines and work on them in relation to the 
technical schemes and specifications; checking the 
correctness of the installation in relation to the 
previously defined criteria; collecting and checking 
the supplier's operating instructions for work, 
handling with equipment and  requirements for 
maintenance; calibration of instruments; and 
verification of construction materials. 
OQ (Operational Qualification) – The Operational 
qualification is the establishment of documented 
evidence that the whole system really functions in 
the prescribed way and should include at least the 
following: tests developed on the basis of knowledge 
of processes, systems and equipment, to ensure that 
the system functions as designed; tests that confirm 
the upper and lower operating limits, and / or the 
conditions of the "worst case". Successfully 
completed OQ should provide the finalization of 
SOP (standard operational procedures) of working 
and cleaning, operator training and defining 
requirements of preventive maintenance. 

The qualification of the HVAC system by using the 
FMEA analysis and the results of the performance 
qualification are shown in [1]. In this paper the 
qualification of the BMS using the FMEA risk 
analysis, which can be considered as a continuation 
of the mentioned qualification of the HVAC system, 
will be shown. In practice, the qualification of 
HVAC and BMS are rarely analyzed together, 
although they are in separable entities. Therefore, in 

following of the paper the BMS qualification by 
using the FMEA method for determining the scope 
of testing required in order for the system to be 
qualified properly and in accordance to the 
regulations, will be shown. 

2. METHODOLOGY  
If there is a change on the BMS (installation of 
sensors, software change, system parameters, change 
of critical alarm values, etc.), it is required to qualify 
the system, and evaluate how many changes can 
affect the quality of the product as well as on the 
process itself. It is necessary to identify all possible 
Failure Modes (FM) relevant to each process phase, 
where S (Severity) can be estimated with 1 - Low 
(FM does not affect to the functionality of the 
system and does not affect the product), 3 - Medium 
(FM has moderate influence on the functionality of 
the system, but alternative method scan be applied to 
ensure the execution of the process. 5 - High (FM 
has a direct impact on system functionality and 
product quality, but there are no alternative methods 
for performing operations); P (Probability of 
Occurrence) can be estimated with 1 - Low (a rare 
occurrence of a potential cause of failure), 2 - 
Medium (probably will appear during the life cycle), 
3 – High (it will appear during the life cycle), and D 
(Determine) can be estimated with 1 – Low 
(detected automatically), 2 – Medium (detected 
following manual check) , 5 – High (not detected). 
The next step would be determination of potential 
risks, i.e. what can go wrong, what are the 
consequences of these events, as well as the 
collection of enough number of data to establish the 
relation between the different risks in the process 
that be analyzed. Table 1 shows the risk analysis for 
the selection of tests due to the BMS qualification.  

Table 1. Risk assessment for BMS 
Risk 
No. 

Risk 
Scenario 

Risk Cause / Comments S P D
Risk 
Score 

Qualification Testing 
Required 

1 

The control 
system does 
not work 
properly. 

Backup of software is not available. In 
case of software deletion, recovery is not 
possible. 

5 1 2 10 

IQ - Test of software.  
OQ – Test of 
documentation. 

   

 

 The system does not store the alarm 
history after the alarm state disappears. 
Missing relevant GMP record. 

5 1 2 10 
Check DQ. 
OQ - Alarm verification 
test. 

        

    The system does not allow display of 
alarm properties and confirmation of 
alarm status. Alarm cannot be explored. 5 1 2 10 

Check DQ. OQ-User 
interface verification.  
OQ - Alarm verification 
test. 

        

    There are no new screens for newly 
installed devices. The components are 
not displayed correctly.

5 1 2 10 
OQ - Test of user screens 
and navigation. 
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Table 1. Risk assessment for BMS 
Risk 
No. 

Risk 
Scenario 

Risk Cause / Comments S P D
Risk 
Score 

Qualification Testing 
Required 

    The audit trail does not record all the 
necessary information for the execution 
of the changes, does not apply to all 
input electronic data, the information 
contained in the audit trail can be 
changed. Copies of relevant GxP data 
cannot be shown to inspections. 

5 1 2 10 

Check DQ. OQ-Audit trail 
verification. OQ-Audit 
trail report generation 
verification. OQ-Audit 
trail integrity verification. 

   

    There is no archiving of data on the 
system. Data can be forged, no trace. The 
system cannot detect an invalid record. 
Possible loss of original data, invalid 
data is stored. 

5 1 2 10 

Check DQ. OQ - Report 
generation verification. 
OQ - Invalid records 
verifications. 

   

    The system does not generate alarms of 
critical parameters and does not allow 
the alarm threshold to be set. Critical 
parameters of the system cannot be 
detected. 

5 1 2 10 

Check DQ. OQ – Alarm 
verification test. 

        

    The system does not generate alarms if 
the equipment failure happens. Potential 
impact on the production process. 

5 1 1 5 
Check DQ. IQ-Input / 
output verification test.  
OQ - Audit trail. 

   

    The system does not allow the control/ 
monitoring of the installed device status, 
and cannot enter the trace of change the 
status of the device. 

5 1 2 10 

Check DQ. IQ – Input / 
output verification test. 
OQ - Audit trail. 

   

    The system cannot preserve the 
supervised critical system parameters. 
Inability to record and monitor critical 
system parameters. 

5 1 2 10 

Check DQ. OQ - Trends 
test. 

    

    The system does not allow generating the 
trends of supervised critical parameters. 
Trends cannot be generated and attached 
to the records and used for regular 
operations. 

5 1 2 10 

Check DQ. OQ - Trends 
test. 

        

    A report which contains trends and set 
parameters is not available, it cannot be 
printed. Incorrect information about the 
supervised values of critical parameters. 

5 1 2 10 

Check DQ. OQ – 
Configuration parameters.  
OQ - Print data test. OQ - 
Trends test. 

        

    The control system can be accessed by 
unauthorized persons. Can Log On to a 
system without Username and password.  

5 1 2 10 
Check DQ. OQ-Username 
and password verification. 
OQ-Security check. 

        
By applying the FMEA method, the overall risk that 
can affect the BMS, combining with individual risks, 
is estimated. As the HVAC system belongs to 
systems with a direct impact on product quality and 
it is closely related to BMS, the severity will, in 
most cases, be assessed with "5". It is clear then that 
the overall risk will depend mainly on the 
probability of occurrence and the possibility of 
detection. Priority should be given to reducing the 
probability of occurrence rather than increasing the 

level of detection. By evaluation of the severity level 
(S), assigned to each of the potential risks, by 
identification of potential causes (P), and evaluating 
relevant levels of detection (D) ranks the final score 
for each of the potential risks. The last column 
shows the list of recommended tests which should 
be performed for each of the potential risks. Only 
test names are given, the purpose of the tests and the 
acceptance criteria are not explained because of the 
goal and scope of the work itself. Based on the final 
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risk assessment of each scenario, appropriate risk 
reduction actions are defined as actions that should 
reduce the severity and probability of risk, or 
processes and / or methods that enhance the ability 
to detect risk. Risk reduction actions are applicable 
in the manner described in Table 2. After defined 
risk reduction actions, qualification tests for any 

potential risk have been proposed. If the level of risk 
is not acceptable, a reassessment of qualifications 
needs to be done and improved detection methods in 
order to reduce the risk to an acceptable level. As a 
final act, it is necessary to document risk analysis, 
with detailed explanations about the estimated extent 
of testing and the impact on the system. 

Table 2. Risk analysis score 
Level Risk Score Risk Reduction Actions 

1 1-5 Testing is not necessary. Relevant SOP. Training of users. 

2 6-19 
Nominal testing required - Nominal testing is performed to prove that the functions are 
working properly. Relevant SOP. Training of users. 

3 20-31 
Required extensive testing - Extensive testing that includes testing in the zone of alarm 
activation limit values. Relevant SOP. Training of users. 

4 32-49 
Required extensive testing – Predict extensive testing and possible additional routine 
checks/controls. Relevant SOP. Training of users. Consider the level of the system 
redesign. 

5 50-75 
Required extensive testing–Predict extensive testing and possible additional routine 
checks/controls. Relevant SOP. Training of users. System redesign. 

3. CONCLUSIONS 
By FMEA risk analysis the evaluation of the scope 
of testing is carried out, as well as the impact on the 
system that needs to be qualified. The contribution 
of this paper is in the way of identifying possible 
risks, which is the most complex part of the analysis, 
because it is necessary to identify and describe all 
the individual risks that can affect the BMS. Risk 
ranking and scales used in risk analysis are difficult 
to define, so their constant review and improvement 
is needed. With the successful identification of 
possible risks, recommended actions for their 
reduction or total elimination are given. The 
contribution of the FMEA method is in identification 
potential problems that can be reduced or completely 
eliminate the risk of their impact on the system. By 
focusing on risk management and separation of 
funds for research, unnecessary efforts for 
qualification can be eliminated. The inspection of 
the BMS and HVAC systems varies depending on 
the inspector, which is why it is important to apply 
regular guidelines during document writing and 
during execution of qualification protocols. This 
paper presents a unique example of how critical 
systems can be qualified. 
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agriculturalists. During the Second Industrial 
Revolution, the production line and mass 
manufacturing drastically reduced the cost of 
consumer and industrial products. The Third 
Industrial Revolution was barely a revolution as 
electronics and control systems gradually 
penetrated manufacturing, allowing greater 
flexibility and more sophisticated products at a 
significantly lower cost. The Fourth Industrial 
Revolution is happening around us right now. It 
extends the digital impact of the third 
revolution and merges it with the physical and 
natural worlds. Several critical technology 
changes have enabled this, including advances 
in data, analytics, connectivity, scalability, and 
collaboration. As the fourth revolution takes 
hold, it will impact everything that we do. It 
connects people, machines and data in new 
ways, it democratizes technologies that were 
previously only accessible to the certain 
entities. For quality, these technologies are 
important because they enable transformation 
of culture, leadership, collaboration, and 
compliance. Quality 4.0 is truly not about 
technology, but the users of that technology, 
and the processes they use to maximize value 
[2]. 
Quality 4.0 certainly includes the digitalization 
of quality management. More importantly it is 
the impact of that digitalization on quality 
technology, processes and people. Many 
sources [2, 3] have identified specific areas of 
Quality 4.0 that need to be addressed in order 
for the organizations to implement them. Using 
this framework and research, leaders identify 
how Quality 4.0 can transform existing 
capabilities and initiatives. The framework also 
provides a perspective on traditional quality. 
Quality 4.0 doesn’t replace traditional quality 
methods, but rather builds and improves upon 
them. It appears that some areas should also be 
included. 
The areas that are usually associated with 
Quality 4.0 framework are [2, 3]: 
 

 Innovation 

 Data-Driven Decisions 

 Analytics 

 Connectivity 

 Collaboration 

 App Development 

 Scalability 

 Management Systems 

 Compliance 

 Culture 

 Leadership 

 Competency. 

Innovation is an imperative for any 
organization and it will become critically 
important in the future. Creativity is the process 
of producing new ideas, while the innovation 
process addresses creating and applying these 
ideas. In the context of an organization, the 
term innovation process refers to the entire 
process by which people generate new ideas 
and convert them into commercial products and 
practices. Creativity and Innovation result from 
a high degree of people involvement and 
creates a higher sense of personal fulfillment. 
The Innovation process is usually comprised of 
the following steps: 

 Discover the opportunity. 

 Find the solution. 

 Make the solution work and 

 Deliver the results 

Data-Driven Decisions have been at the heart 
of quality improvements for decades. Many 
recently updated standards re-emphasize the 
importance of evidence-based decision making. 
However, much of the market continues to 
struggle with evidence while more mature 
companies have mastered traditional data and 
are now leveraging big data. 
Data has five important elements to consider: 
 

 Volume (large quantity of different 
records), 

 Variety (structured, unstructured and semi-
structured data), 

 Velocity (the rate at which a company 
gathers data), 

 Accuracy (correctness of data) and 
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 Transparency (the ease of accessing and 
working with data no matter where it 
resides or what application created it). 

Analytics reveal the insights captured within 
data. Presently, analytics are often a stumbling 
block for quality – 37% of the market identifies 
poor metrics as a top roadblock to 
accomplishing quality objectives [2]. Also, 
there is insufficient adoption of real-time 
metrics by most of the market. Analytics fall 
into four categories: 

 

 Descriptive (the most traditional metrics to 
monitor known or suspected correlations), 

 Diagnostic (quality process cycle times to 
identify bottlenecks), 

 Predictive (trend analysis) and 

 Prescriptive (What action is supposed to be 
taken). 

Connectivity is the connection between 
business information technology and 
operational technology, where business 
technology includes the enterprise quality 
management system, enterprise resource 
planning, and product lifecycle management, 
and operational technology is the technology 
used in manufacturing and service. Industry 4.0 
transforms connectivity through a creation of 
inexpensive connected sensors that provide near 
real-time feedback from 4 different entities [2]: 
 

 Connected people (leverage personal smart 
devices or intelligent wearable devices that 
sense workers), 

 Connected products (provide feedback on 
their performance across their lifecycle and 
they can communicate use conditions, 
performance, and failure to perform), 

 Connected edge devices (efficiently connect 
sensed equipment) and 

 Connected processes (provide feedback 
from connected people, products, and 
equipment into processes). 

 

Collaboration is critical for quality 
management, as quality is by nature cross-
functional and global. Companies execute 
traditional quality business processes with the 
help of digital messaging (email), automated 
workflows, and portals. Much of the market has 
yet to take advantage of automated workflows 
and portals, and in fact, only 21% have adopted 
a core enterprise quality management system 
[2]. Collaboration has changed dramatically in 
recent years, within and across companies and 
with customers. Social media has enabled the 
public to directly weigh in on quality, which 
has increased the visibility of quality issues. 
App Development is a process of developing 
supporting software. Apps are the mechanisms 
through which companies fulfill processes, 
collect and expose data, visualize analytics, and 
establish collaboration. Traditional quality apps 
are most commonly web-based, and nearly all 
of them have been optimized for mobile, 
although it usually requires a large mobile 
device such as a tablet. As software has become 
more powerful, the trend has been to develop 
role-based apps for a better, simpler experience 
through multiple interfaces divided by role. 
Mobility provides greater accessibility, 
participation, adoption, and efficiency. There 
are three types of apps that will run quality 
management: 
 

 Wearables (devices that sense and connect 
human performance), 

 Augmented Reality (overlay of virtual 
content on physical assets or surroundings) 
and 

 Virtual Reality (simulates the real world 
and offers value for operations and 
management). 

 
Scalability is the ability to support data 
volume, users, devices, and analytics on a 
global scale. Without global scale, traditional 
quality and Quality 4.0 are much less effective, 
unable to harmonize processes, best practices, 
competencies, and lessons learned corporate-
wide. Cloud computing is an important 
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contributor to scalability. Through Cloud, 
manufacturers can acquire software, easily 
adding capabilities and users, data, analytics, 
and devices without the need to acquire, install, 
and manage the software on premise. Data 
scalability is also important, particularly with 
connected devices. Data lake technologies have 
been developed to support the voluminous data 
sets inherent with connected devices and Big 
Data. 
Management System, especially the enterprise 
quality management system is the hub of 
quality management activities, providing a 
scalable solution to automate workflows, 
connect quality processes, improve data 
accuracy, provide centralized analytics, ensure 
compliance, and foster collaboration within a 
common app. It is a hub because quality 
touches every part of the value chain and how 
it’s managed. 
Compliance activities include conforming to 
regulatory, industry, customer, and internal 
requirements. Compliance is important to 
quality teams across industry since quality often 
takes a lead role in ensuring that processes, 
products, and services conform to requirements. 
Quality 4.0 introduces even more opportunities 
to automate compliance. 
Culture, especially the culture of quality, is the 
imperative for many leaders that have an 
initiative to develop it, since quality often owns 
process execution with insufficient participation 
and ownership from other functions. A 
company that has "a culture of quality" exhibits 
four key elements: process participation, 
responsibility, credibility, and empowerment. 
Quality 4.0 makes a culture of quality more 
attainable through better connectivity, visibility, 
insights, and collaboration. 
Leadership, particularly quality leaders should 
lead quality across the organization, with 
increasingly broad ownership by cross-
functional executives and top management to 
broaden the focus on quality and enable 
effective corporate-wide quality. Quality 4.0 
has already drawn interest from cross-
functional leaders. According to Hacker [4] the 
future leadership has to be transformational 

leadership, to have the skill set to move rapidly, 
efficiently and effectively through the changing 
process driven by external and internal forces. 
Competency is an individual’s ability to 
complete a task effectively and efficiently. 
Organizations have battled to improve the 
baseline competency of personnel, and to scale 
specialized knowledge. Quality leaders looking 
to improve upon the structured approach of 
traditional quality can use several Quality 4.0 
approaches: 

 Experience (to share experiences and les-
sons learned across internal groups), 

 Expertise (to improve the expertise of 
workers), 

 Appraisal (deploy connected worker 
strategies to sense worker actions, ensuring 
compliance, competency, efficiency, and 
safety) and 

 Management (encapsulate these learnings in 
Learning Management Systems). 

The completely new set of skills and 
competencies are required to master the 
challenges related to Quality 4.0 [5]. 
 
3. CONCLUSIONS 
Quality 4.0 is the digitalization of quality 
leveraging the technologies of Quality 4.0. 
People and processes are important to all areas 
of business but are particularly key to quality. 
Therefore, while Quality 4.0 makes critical new 
technologies affordable and accessible to the 
broad market, Quality 4.0 is about the 
application of these technologies to solve 
quality challenges and to provide new, better 
solutions. 
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PRODUCT DESIGN IN GLOBAL PRODUCTION NETWORK 
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Abstract:. Global competition and shortage of product 
design resources demand special ways of compromising 
global economic effect with local requirements for product 
quality . Global standardization of product design process 
applied to local product design outsourcing is proposed to 
reconcile the contradiction. ISO 9000 series and black box 
design system are represented here as a methods of 
achieving it.  
 Key words: Global Standardization, Local Outsourcing  

 
1. INTRODUCTION 
 
As markets globalize, the need for product design 
standardization  increases. On the other hand, 
managers are also under pressure to adapt their 
organization to the local characteristics of the 
market, the legislation, the fiscal regime, the 
sociopolitical system, and the cultural system. This 
balance between consistency and adaptation is 
essential for corporate success. To be able to offer 
products at competitive prices, a global production 
network is needed [1].  
Customer demands for higher quality products at 
lower costs and shorter product lifecycles are putting 
extra pressure on the product introduction process. 
Cost and quality are essentially designed into 
products in the early stages of this process. The 
designer has the great responsibility of ensuring that 
the product will conform to customer requirements, 
comply with specification, and ensuring quality in 
every aspect of the product, including its 
manufacture and assembly, all within compressed 
time-scales [2,3,4].  
If product assemblers could not recruit sufficient 
engineers and workers to deal with the rapid 
expansion of design tasks, which is the case in 
rapidly changing global market environment, it 
would be reasonable to predict that pressures to 
subcontract out a larger fraction of their design tasks 
to the parts suppliers increased during that time. In 
fact, there is a tendency that the assemblers start to 
purchase subassembly components, rather than piece 
parts, from their first-tier suppliers, and that they 
emphasize "specialist" parts suppliers.  
Thus, it would be reasonable to infer that the 
automakers actually subcontracts out a larger 

fraction of the design tasks to the suppliers under 
pressure to grow rapidly while constrained by in-
house design resources, so there is a need for global 
systemic approach to design task subcontracting. 
The combination of design outsourcing and ISO 
9000 system is proposed here as the solution [5]. 
 
2. PRODUCT  DESIGN OUTSOURCING  
      IN THE FORM OF  ISO 9000 
 
There is a need of efficient communication between 
producers and suppliers in order to achieve efficient 
cooperation in global production network. A way to 
achieve this is the global standardization of the 
communication between producers and suppliers, 
and ISO 9000 is ready at hand for these purpose. 
The purpose of  ISO 9001 is to provide requirements 
which, if met, will enable suppliers to efficiently 
demonstrate they have the capability to consistently 
provide product that meets customer and applicable 
regulatory requirements. ISO 9001 states that the 
standard can be used to assess the organization’s 
ability to meet customer, regulatory and the 
organization’s own requirements. The standards 
were created to facilitate mutual understanding of 
quality management system requirements in national 
and international trade. The associated certification 
schemes that are not a requirement of any of the 
standards in the ISO 9000 family were launched to 
reduce costs of customer-sponsored audits 
performed to verify the capability of their suppliers. 
The schemes were born out of a reticence of the 
assemblers to trade with organizations that had no 
credentials in the market place. The primary users of 
the standards are intended to be organizations acting 
as either customers or suppliers. Although all ISO 
standards are voluntary, one of the standards in the 
ISO 9000 family has become a market requirement. 
This standard is ISO 9001. The standard requires the 
organization to control design and development of 
the product. The standard was primarily intended for 
situations where customers and suppliers were in a 
contractual relationship. It was not intended for use 
where there was no contractual relationship [2,3,4]. 
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As to the product design outsourcing methods, three 
basic categories has been identified here: supplier 
proprietary parts, black box parts, and detail-
controlled parts. This classification is basically the 
same as that by Asanuma: marketed goods, drawings 
approved, and drawings supplied [5,6,7].  

 
2. SUPPLIER PROPRIETARY PARTS 

PRODUCT DESIGN   CONCEPT  
 
In the  Supplier Proprietary parts design system 
(Figure 1.), the supplier develops a component 
entirely from concept to manufacturing as its 
standard product; the assembler simply orders the 
item from the supplier's catalogue. In this way, the 
supplier carries out almost all of the developmental 
work for the component. Some highly standardized 
components, such as bearings, may belong to this 
category [5]. 

 

 
 

Figure1. The system of supplier proprietary   
               parts 

 
3. BLACK BOX PARTS PRODUCT DESIGN   

CONCEPT  
 
The black box parts system (Figure 2.) refers to a 
certain pattern of transactions in which a parts 
supplier conducts detailed engineering of a 
component that it makes for an automobile maker on 
the basis of the latter's specifications and basic 
designs. In a sense, this is a kind of joint product 
development between a system maker and a 
component supplier, in that the latter is involved in 
the former's new product development process. The 
black box parts system means a particular pattern of 

interfirm task partitioning that can be characterized 
as bundled outsourcing. 
 

 
 

Figure 2. The system of  Black Box parts  
   
Iinformation on component requirements may be 
provided to two or three potential suppliers, who 
compete for the job based on their component 
development capabilities. 
The intensity of development competition among 
suppliers differs depending upon the parts 
categories: in conventional parts, the supplier for an 
old model strive to get a new contract for the new 
model; for technology-intensive items such as 
plastic resins for bumpers, switching of suppliers 
occurs more often and development competition 
is more harsh. The suppliers may launch 
developmental actions and suggestions without 
waiting for inquiries from the car makers. 
 With Black Box parts system, developmental work 
for the component is split between the assembler and 
the supplier. In a typical case, the former creates 
basic design information such as cost/performance 
requirements, exterior shapes, and interface details 
based on the total vehicle planning and layout, while 
the parts supplier does the detailed engineering. 
With approved component models system (Figure 
3.), after the supplier is selected, it carries out 
detailed engineering, such as modeling of parts and 
subassemblies, prototyping, and unit testing. The car 
maker then reviews the parts models, tests prototype 
vehicles using the parts, makes sure that the 
requirements are met, and approves the design. In 
this case, the design documentation (component 
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model) is eventually owned by the supplier (design 
documentation owners are yellow colored), which 
assures design quality and patent rights over the 
parts in question. That is, the supplier has to make 
engineering actions in response to field claims 
related to the parts. In exchange for this 
responsibility for quality, the supplier enjoys a 
greater degree of design discretion for better 
manufacturability and cost reduction. Switching 
suppliers between the engineering stage and 
manufacturing stage is rather rare in this case. 

 

 
 
Figure 3. Information flow with Approved 
                component model (Black box parts) 
 
With consigned component model system (Figure 
4.), unlike with approved component model system, 
design documentation is owned by the car maker, 
but detail engineering work is subcontracted out to 
the supplier. The former pays the design fee to the 
latter as a separate contract, and is free to switch 
suppliers at the manufacturing stage. It is the car 
maker that takes responsibility for quality assurance, 
though. Generally, the consigned component model 
system comes between approved component modes 
and detail-controlled component models systems in 
terms of the degree of supplier involvement in 
product engineering. While approved component 
models tend to be applied to functional parts, the 
consigned component model system is found more 
often when dealing with press and plastic parts 
[5,8,9,10,11,12,13,14]. 

 
 
Figure 4. Information flow with Consigned  
                 component model (Black box parts) 
 
4. DETAIL CONTROLLED PART DESIGN   

CONCEPTS  
 
The third category is the case in which most of the 
component engineering work, including parts 

drawing, is done in-house. In this way, not only 
basic engineering but also detailed engineering are 
concentrated in the hands of the car maker, although 
the suppliers can make requests for design changes 
for better manufacturability and cost reduction. In 
the typical case of a functional component in the 
United States, the suppliers, selected through 
inquiries and bids, take responsibility for process 
engineering and production on the basis of 
blueprints provided by the car maker. For this 
reason, it is called the provided component model  
system in Japan.  Fabrication of prototype parts may 
be carried out by a different supplier specializing in 
prototypes. In the case of some body parts, the car 
maker may also carry out process engineering, build 
and own tools and equipment, and lend them to a 
supplier. In this case, the supplier is regarded as 
nothing more than a provider of production capacity. 

 

 
 

Figure 5. The system of  detail controlled  
                 parts- functional parts 

 

 
 
Figure 6.  Information flow with Detail controlled  
                  parts 
Generally, each company chooses the degree of 
supplier involvement component by component, 
which in turn determines the overall division of 
product design work between assembler and 
suppliers. It is important to note here that the 

237



decisions regarding manufacturing vertical 
integration and designing vertical integration are two 
separate issues: for a given production in-house 
ratio, the designing in-house ratio could range 
widely. In any case, the decision on the mix of parts 
types depends upon the company's strategy, the 
nature of the component, and the capabilities of 
suppliers and characteristics of supplier networks 
[5,8,9,10,11,12,13,14]. 

 

 
Figure 7. The system of detail controlled  
                 parts- body parts 
 
5. CONCLUSION 
 
Three basic design outsourcing methods were 
identified here: supplier proprietary parts, black box 
parts, and detail-controlled parts. The magnitude of 
supplier involvement in engineering is higher in the 
former method and lower in the latter. 
Although the enumerated design systems are 
supported not only by formal procedures but also by 
skills, attitudes, and other factors of organizational 
culture, the standardized system of formal 
documents, such as an  according to ISO 9000, 
should be the backbone of the systems for the 
purpose of efficient assurance of supplier design 
capability in volatile global environment. 
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which will optimise the desired criteria function. 
Considering both subproblems makes the flexible JS 
more complex for solving in comparison to the basic 
JS. Besides the machines, product processing 
operation may be constrained additionally with other 
resources (workers, special tools). JS problem where 
the workers and machines present the limitation for 
production process flow and the product sequence, is 
known as Dual Resource Constrained (DRC). 
Therefore, basic and flexible JS can be additionally 
extended with the observation of available workers 
in a production process. 
Dual Resource Constrained Flexible Job Shop 
(DRCFJS) is a scheduling problem of n products 
J={J1, J2,…,Jn} on m machines М={М1, М2,…,Мm} 
with w workers W={W1, W2,…,Ww} [10]. Every 
product Ji (i=1,2,…,n) has a predetermined order of 
processing operations ni (Oi,1,Oi,2,…,Oi,ni). 
Operations Oi,ј can be realised on any machine Мi,ј  

from a set of compatible machines. Each machine 
may process only one operation at a given moment. 
In addition, workers that are part of the production 
system have different knowledge and skills to 
operate different machines. Let M(Wk) be the 
machine set that can be operated by worker Wk. For 
any machines in M(Wk), Wk presents a set of 
qualified workers. The processing time of each 
operation (pijuk), depends on assigned workers and 
machines and presents the amount of time for 
processing operation Oi,ј on machine Mu by workers 
Wk. The main goal is to obtain the optimum value of 
desired criteria function, by assigning workers and 
machines to each operation (assignment problem), as 
well as determining the sequence of observed 
product operations on each machine. Additional 
constrain in the scheduling problem may occur if 
one resource is significantly less available than other 
resources. For example, there are n machines and w 
workers where w < n. Presentation of the 
mathematical model for DRCFJS is omitted since 
this problem is mainly solved with heuristics.   
 
3. GENETIC ALGORITHMS 
Understanding that scheduling problems JS, FJS, 
DRCFJS are NP-hard, heuristics approach is most 
often used in their solving: priority rules, variable 
neighbourhood search [5], genetic algorithms [4, 6], 
heuristics based on fruit fly algorithm [10], tabu 
search and simulated annealing. 
Genetic algorithms are a type of metaheuristics that 
are based on algorithms that simulate the process of 
genetic evolution of individuals of one population by 
the influence of genetic operators and the 
environment. The main idea of GA is to present 
every individual (solution) in population with 
chromosome structure (coding scheme) and to do 
crossover iteratively in order to obtain new 
individuals with better genetic material (new better 
solutions). The reasons for applying the genetic 
algorithm in solving scheduling problems are 

numerous: it generates high-quality solutions in 
reasonable time; there are different encoding 
schemes for solutions; it offers different operators to 
create new solutions that can avoid local minimum. 
Through an application of GA on scheduling 
problems, the main issue presents an encoding 
scheme for solutions. One method for encoding that 
is used for a case of multi-machine scheduling is Job 
sequence matrix encoding – it is a particular type of 
permutation where the sequence of product 
processing is present separately for every machine 
[1]. Encoding scheme and structure of chromosome 
presented in this paper is obtained with structure 
modification, which is related to two types of 
assigned resources.  
The chromosome structure is further presented in the 
form of the matrix in Figure 1 with the example of 
two products, three machines and two workers. 
Presented matrix with columns (i, j, l), where: i – 
index that marks processing operations of products, 
i=1,..p; j – index that marks products j=1,..n; l – 
index that marks machine u=1,..m with scheduled 
worker k=1,..w, value of index l depends on number 
of machines and number of workers, l=1,..m*w. For 
example, in the third column of matrix (Figure 1) 
value six presents assignment of the third machine 
and second worker.  

1 1 1 1 1 1

2 1 2 2 1 2

3 1 3 3 2 1

1 2 4 4 2 2

2 2 5 5 3 1

3 2 6 6 3 2

i j l l u k

 
 
 
 
 
 
 
 
 

 

Figure 1: Example of chromosome structure 

The process flow of executing the implemented 
genetic algorithm consists of the following 
activities: 
The initialisation and generating of the initial 
population – in order to obtain the initial 
population, modified heuristics Ini-PopGen [1] was 
used. The modification in mentioned heuristics, i.e. 
in the process of assignment and sequence is realised 
with the additional resource (workers). Ini-PopGen 
heuristics obtain half of solutions randomly; another 
half is obtaining by considering operations 
processing time and availability of resources 
(machines and workers).     
Decoding and evaluation of initial population is 
done according to criteria function (Cmax = max{Cij}) 
that presents time when all scheduled products are 
finished. 
Binary selection – in a random way selects any two 
individuals from the population and compare to a 
value of fitness function. Fitness function of an 
observed individual (obtained schedule) is equal to a 
negative value of criteria function (Cmax). A solution 
with lower Cmax indicates higher fitness function. 
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Genetic operators for genetic material exchange – 
that are implemented were Preserving Оrder-based 
Crossover (POX), Position Based Mutation (PBM), 
Machine and Worker Based Mutation (MWBM). The 
POX genetic operator in order to obtain new 
offspring (new schedule), keeps the order in such a 
way that a part of genes (assigned resources and 
sequence of products) is taken from one parent and 
maintains the order from that parent, and another 
part (which are not included previously) is taken 
from the second parents. During the process of POX, 
the operation sequence of every product, which 
presents their transformation technology, will be 
respected, to generate a feasible solution. 
The PBM is the first type of genetic mutation 
operator where the order of product processing is 
changing randomly, with respecting constraints of 
feasibility, to obtain a new individual in population 
(schedule). The MWBM is the second type of genetic 
mutation operator where the assignment of machines 
and workers are randomly changed. MWBM 
operator has next change options: change worker, 
change machine, and at the same time change 
workers and machines.    
Population sorting and selection – as a result of 
genetic operators, new population Qt of offspring are 
created. To reserve a certain number of good 
individuals from old population (elitism), new 
population Rt is formed from parent’s population Pt 
and population of offspring Qt. The new population 
has a size greater than N (Rt = Pt ∪ Qt). It is 
necessary to evaluate Rt population by sorting 
individuals according to fitness function (-Cmax), and 
then to choose the best N individuals of new 

population   Pt+1 (where Pt+1 ⊂ Rt). Entry to new 

population Pt+1  up to N members is first reserve for 
individuals with the best fitness function. After the 
entrance of individuals with the best fitness 
(individuals of first rang), if there is still free space, 
individuals with the second rank of criteria function 
value (lower fitness function), are placed next. The 
process of creating a new population from the 
previous one is called the generation process.  The 
selected members of a new population, if the 
maximum number of generations is not reached, 
switch to a new iteration. 
Stopping criteria - after a series of genetic material 
exchange and succession of a population, the 
algorithm stops when the maximal number of 
iterations is reached (maximum number of 
generation). In the process of genitival evolution, the 
best obtain individual (schedule) is the results and 
solution of algorithm.   
 
4. RESULTS AND DISCUSSION 
After the GA metaheuristics explanation, its 
verification was carried out through solving a 
scholarly example of DRCFJS problem. The data 
(Table 1) which is used for the experiment are the 
examples (DFJSP 01-10) presented in paper [4] and 

on the next internet page: https://pan.baidu.com/s/ 
1mhHfv6K. Actually, the official benchmark data 
for DRCFJS problem does not exist. Most authors 
[4, 5, 10], use benchmark example for FJS problem 
with times of duration processing operation that are 
modified with the data for workers (pijuk) according 
to different statistical distribution.  

Table 1: Benchmark example used in heuristic application  

Example 
No. of 

products 
No. of 

operations 
No. of 

machines 
No. of 

workers 
DFJSP 01 10 55 6 3 
DFJSP 02 10 58 6 3 
DFJSP 03 15 150 8 3 
DFJSP 04 15 90 8 3 
DFJSP 05 15 106 4 3 
DFJSP 06 10 150 15 3 
DFJSP 07 20 200 5 3 
DFJSP 08 20 225 10 3 
DFJSP 09 20 240 10 3 
DFJSP 10 20 240 15 3 
 

Along with the examples of the scheduling problem, 
parameters of genetic algorithms that are used in the 
process of computer simulation are also defined. 
Parameters of the experiment and their range of 
values were:   
˗ Crossover rate (pcrossover from 0,15 to 0,9) as the 

frequency of crossover among individuals in the 
population;  

˗ Mutation rate as a frequency of mutation among 
individuals in the population (pmutation from 0,15 to 
0,7);  

˗ Gene mutation rate as a frequency of mutation in 
individuals gene (pgene mutation from 0,15 to 0,7);  

˗ Size of the population (N from 200 to 600);  
˗ Number of generation was 300. 

For the described problem, GA with criteria function 
(Cmax) was developed in the environment for 
numerical calculation and programming language 
MATLAB 2016b. The values of Cmax, for the 
solutions that are obtained with the GA are presented 
in Table 2 together with results of initial heuristics 
Ini-PopGen. Observing all the results in Table 2, 
better solutions for the improvement of Cmax values 
was obtained for each example. Best improvement, 
in absolute value was obtained for example 
DFJSP08 (Cmax = 28 [time unit]). If we look a 

relative, i.e. percentage improvement of criteria 
function, the best result was obtained for example 
DFJSP04 (Cmax = 4.35 [%]), in comparison to 

initial heuristics Ini-PopGen. 
The overview of one solution of DFJSP01 example 
of DRCFJS problem is presented with Gantt chart by 
machines (Figure 2) and workers (Figure 3). Insight 
in Gantt chart of solutions points out that workers 
are much more engaged than machines. It is the 
obvious consequence of the less availability of one 
production resource (workers) than the other 
(machines). 
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Table 2: Results of genetic algorithm application on DRCFJS problem

Example 
GA parametres Initial solution 

(Cmax) 
Best obtained 

solution (Cmax)  
Generation of 

obtained solution pcrossover pmutation p gene mutation N 
DFJSP 01 0,5 0,15 0,15 600 52 51 39 
DFJSP 02 0,7 0,15 0,5 400 43 42 170 
DFJSP 03 0,5 0,5 0,15 200 287 277 167 
DFJSP 04 0,5 0,5 0,3 400 115 110 127 
DFJSP 05 0,5 0,7 0,3 600 229 225 277 
DFJSP 06 0,5 0,7 0,3 600 116 113 85 
DFJSP 07 0,7 0,5 0,5 600 230 223 55 
DFJSP 08 0,7 0,5 0,15 600 867 839 134 
DFJSP 09 0,5 0,3 0,7 600 747 736 105 
DFJSP 10 0,9 0,7 0,15 600 614 607  50 

  

 
Figure 2: DFJSP01 solution – Gantt chart by machines  

 

 
Figure 3: DFJSP01 solution – Gantt chart by workers  

 
5. CONCLUSION 
A significant part of production enterprises still uses 
priority rules and the subjective experiences of 
individuals working on planning and scheduling 
tasks for solving the scheduling problem. This paper 
presents a scientific approach in considering and 
solving the scheduling problems. Resource 
constrained scheduling problem in operative 
production planning of small enterprises is firstly 
described. In the literature, this problem is known as 
Dual Resource Constrained Flexible Job Shop. The 
observed problem  is then solved with metaheuristics 
genetic algorithms. It presents an integral solving 
approach for two sub-problems - assignment of 
resource and sequence of products is solved within 
one procedure, i.e. algorithm. This way of finding 
the solution, retains the complexity of the problem 
on the one hand; on the other, it provides the quality 
solutions.   
In the literature, the dominant criteria function for 
DRCFJS is Cmax that presents time when all 
scheduled products are finished [5, 10]. In the future 
work, the process of solving DRCFJS can be 
improved with the multi-criteria approach. In this 
approach, time criteria of operative plan 
successfulness (makespan, total completion time, 
total earliness and tardiness, work time of machines 
and total workload of machines) could be improved 
by observing costs criteria (earliness and tardiness 
costs, cost of machine and workers utilisation). 
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Figure 2. Online shopping rates in Europe, source: [2] 

 
Figure 3. Mobile device usage, source: [3] 

However, this trend is constantly progressing. 
Today's young people in European countries 
increasingly do shopping using mobile applications. 
Thanks to the wide access to online stores can 
immediately make purchasing decisions and place 
orders. Mentally, though not yet expressed, the 
Society also expected the delivery, which will be as 
fast as their decision and order. 
This causes the formation of new, massive 
challenges modern logistics, which boils down to 
expose the supply also immediately. 
If we look at the modern possibilities of delivery, it 
is clear that transport systems have not been keeping 
up with this trend, although some companies are 
trying to meet the challenges of the modern e-
commerce.  
In Europe is now ok. 40 companies, which are called 
unicorns (start-ups with over 1 Billion EUR 
revenew). If you take a closer look at the structure of 
their business are just a few of them work in the 
transport industry or the logistics. One of them is 
Lieferando/Takeaway, a company offering quick 
food delivery. Today, thanks to the implemented 
good strategy offers food delivery in time less than 
1h. However, in Europe today there is no company 
that offers the same service in general cargo 
delivery. In this point Asia is different. There 

operate this type of business, for example Gogovan 
or LalaMove. Especially the second one gives you 
the ability to deliver cargo in urban area in less than 
an hour.  
It seems that in this area the solution will be the 
phenomenon of load space sharing. In general, 
sharing is not a new idea, but in recent years there 
has been another jump, as mentioned, the term 
"sharing economy". The term sharing is generally 
defined by characteristics such as the lack of 
property, temporary access and redistribution of 
material goods or less tangible, such as money, 
space or time. It is also defined as a preference to 
pay for assets or services for consumption or on 
demand, instead of having assets or signing long-
term service contracts. The economy of sharing can 
have such attributes as the availability of resources 
and the flexibility of their use, adapted to different 
needs. Communication type "peer-to-peer" seems to 
be its basis.  
Indeed, in recent years, thanks to the idea of sharing 
a lot of concept found its realization. More and more 
is available in Europe for example. platform sharing 
of electric vehicles, sharing Internet networks, 
Office space or space vehicles (pool).  
Returning to the transport and logistics and the 
contemporary challenges in a short distance, it 
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seems that the next breakthrough will be delivery in 
an hour or less than an hour. This is a concept that 
may meet by increasing the importance of sharing 
ideas and share your own resources (sometimes 
private) transport processes. 
 
3. LONG DISTANCE DELIVERY 
The development of the Internet and mobile 
applications to a considerable extent promotes the 
development of e-commerce. A few years ago, 
online shopping was equated with the traditional 
computer. Purchases were made by a typical Web 
page. The shipment was sent by courier service. 
Usual delivery takes about the week. However, to 
speed up the society forced on vendors and suppliers 
faster response time and delivery on the second or 
third day after placing the order.  
However, this trend is constantly progressing. 
Today's young people in European countries 
increasingly do shopping using mobile applications. 
Thanks to the wide access to online stores can 
immediately make purchasing decisions and place 
orders. Mentally, though not yet expressed, the 
Society also expected the delivery, which will be as 
fast as their decision and order. 
This causes the formation of new, massive 
challenges modern logistics, which boils down to 
expose the supply also immediately. 
If we look at the modern possibilities of delivery, it 
is clear that transport systems have not been keeping 
up with this trend, although some companies are 
trying to meet the challenges of the modern e-
commerce.  
In Europe is now ok. 40 companies, which are called 
unicorns (start-ups with over 1 Billion USD 
revenew). If you take a closer look at the structure of 
their business are just a few of them work in the 
transport industry or the logistics. One of them is 
Lieferando/Takeaway, a company offering quick 
food delivery. Today, thanks to the implemented 
good strategy offers food delivery in time less than 
1h. However, in Europe today there is no company 
that offers the same service in general cargo 
delivery. In this point Asia is different. There 
operate this type of business, for example Gogovan 
or LalaMove. Especially the second one gives you 
the ability to deliver cargo in urban area in less than 
an hour [4].  
It seems that in this area the solution will be the 
phenomenon of load space sharing. In general, 
sharing is not a new idea, but in recent years there 
has been another jump, as mentioned, the term 
"sharing economy". The term sharing is generally 

defined by characteristics such as the lack of 
property, temporary access and redistribution of 
material goods or less tangible, such as money, 
space or time. It is also defined as a preference to 
pay for assets or services for consumption or on 
demand, instead of having assets or signing long-
term service contracts. The economy of sharing can 
have such attributes as the availability of resources 
and the flexibility of their use, adapted to different 
needs. Communication type "peer-to-peer" seems to 
be its basis.  
Indeed, in recent years, thanks to the idea of sharing 
a lot of concept found its realization. More and more 
is available in Europe for example. platform sharing 
of electric vehicles, sharing Internet networks, 
Office space or space vehicles (pool).  
Returning to the transport and logistics and the 
contemporary challenges in a short distance, it 
seems that the next breakthrough will be delivery in 
an hour or less than an hour. This is a concept that 
may meet by increasing the importance of sharing 
ideas and share your own resources (sometimes 
private) transport processes. 
 
4. FUTURE SOLUTIONS 
As previously mentioned the modern transport 
systems are not able to increase the speed. So be 
sure to look for a futuristic solutions that pass 
positively both Proof-of-technology principles 
(PoP), and then proof-of-concept (PoC). However, it 
need to be pointed out, that all alternative (futuristic) 
transport solutions is different from conventional 
transport – are currently at the level of the PoP. The 
most promising solutions include e.g.: Along or 
Next (Next Transportation Inc.). 
  
Hyperloop 
Looking for investor interest, plays a particularly 
important long-distance transport based on the 
movement in the tubes with reduced preasure, called 
Hyperloop. 
 An ultra-high-speed ground transportation system 
proposed in 2013 by SpaceX. Along with basic ride 
in a solar-powered, elevated air tube that for long 
distances would mostly follow an existing highway. 
To reduce resistance and low pressure environment 
is created within the tube. If ever built, and the 350-
mile ride from Los Angeles to San Francisco would 
take approximately 35 minutes, reaching speeds in 
excess of 700 MPH [5]. 
In 2014, along with Transportation Technologies 
(HTT) was formed to create a Hyperloop in Quay 
Valley, California. In 2016, the first test of the along 
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with One over a short distance was successful. The 
Hyperloop Alpha concept was first published in 
August 2013, proposing and how the runtime locates 
assemblies and route running from the Los Angeles 
region is the San Francisco Bay Area, roughly 
following the Interstate 5 corridor. Along with the 
system would propel passengers along the 350-mile 
(560 km) route at a speed of 760 mph (1.200 km/h), 
allowing for a travel time of 35 minutes, which is 
considerably faster than the current rail or air travel 
times. Preliminary cost estimates for this LA-SF 
suggested route were included in the white paper-US 
$6 billion for a passenger-only version, and US $7.5 
billion for a somewhat larger-diameter version 
transporting passengers and vehicles — Although 
transportation analysts had doubts that the system 
could be constructed on that budget; Some analysts 
claimed that the Hyperloop would be several billion 
dollars over budget, taking into consideration 
construction, development, and operation costs [5]. 
 

 
Figure 4. Capcule of hyperloop one, source: [5] 
  
Next 
This solution can be treated as "Urban Rapid 
Transit". This is the concept of energy-saving, 
individual urban transport or suburban. Based on a 
small electric vehicles (computer controlled), 
available on demand when you enter an address of 
the destination. Vehicles move on the specially 
prepared and secured routes, separated by a multi-
level traditional streets, without stopping at 
intermediate stops/stations [6]. In Figure 5. shows 
the view Next capsule. 
Movement is controlled by computer, and the 
number of vehicles limited, so there is no possibility 
of congestion (traffic) or a collision. Journeys take 
place continuously to the destinations chosen by the 
passengers. There are no timetables or designated 
route. The passenger shall decide on the start time 
and place the end of the tour. The computer is the 
optimal path to the destination for each passenger to 
avoid collisions and maintaining a safe distance 
between vehicles. 

 
Figure 5. Visualization of capsule Next, source: [6] 
 

The system monitors the number of vehicles on all 
stations and can automatically move the empty 
vehicle from the station, where these vehicles the 
excess (or to make room for another oncoming 
vehicle) to the station where they are missing. 
The authors of the idea presented a physical 
expression of his project. Although the original 
system is to be used for the carriage of passengers, is 
the inventor of the presented analyses indicate the 
ability to transport cargo. 
 

5. CONCLUSIONS 
We are seeing a very dynamic changes in society 
and significant speed up of the way of life. It is 
visible in access to purchasing offers, buying 
proposals, ect. This fast connection to offers and 
easiness to place order challenging the transport: 
requires to speed up.  
As the response – one hour delivery – seems to be 
quite possible to realize. Some positive responses 
are functioning as a real business. Transport faces 
real challenge in increasing speed of transport on 
long distance. It seems that the increase in 
environmental awareness and enforce legal uniquely 
eliminates the possibility of acceleration of means of 
transport over long distances. Hence, this forces the 
need to intensify work on the now-conventional 
ideas, which in the future will allow for the creation 
of a completely new, eco-friendly, effective and safe 
systems move people and cargo. 
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goods and biofuels. Implementation of the EU 
bioeconomy emerges as a quasi-trade mark of the 
European answer to environmental problems. Its 
development from the idea towards defined 
technological and economical routing took over 
three decades. It has evolved through carefully 
planned marketing and research funding activities 
towards achieving bioeconomic stability [4, 5].  

A visionary cycle was seen to emerge in the EU in 
1993 towards development of the bioeconomy 
policy framework, with the EU White Paper entitled 
“Growth competitiveness employment: the 
challenges and way forward into the 21st century”, 
which advocated the necessity for biotechnology in 
innovation and growth [5]. Later, the Lisbon Agenda 
from 2000 emphasised the need for EU leadership in 
the global ‘knowledge-based economy’, that would 
decrease its dependence on fossil oil [4, 10]. The 
2002 EU bioeconomy strategy followed, promoting 
life science and biotechnology as the likely most 
promising of the frontier technologies, with a 
capacity to contribute to the achievement of the 
Lisbon Agenda objectives. In 2005 the ‘knowledge-
based bioeconomy’ (KBBE) was finally established. 
It took until February 2012 for the European 
Commission to publish an action plan of 
bioeconomic development, entitled, “Innovating for 
Sustainable Growth: a bioeconomy for Europe” in 
which bioeconomy was portrayed as an 
environmentally acceptable solution to a variety of 
European and global problems, following the same 
trend at that time in the United States [12, 20, 25]. 

In the case of the forestry sector, environmental 
regulation has played a large role helping with the 
transition in the EU towards sustainable societies 
and green growth (see, for example, Forest Sector 
Technology Platform, 2015) [26]. The increased use 
of forest biomass for production of biofuels is 
expected to boost European Economy and is 
explicitly supported by forestry policies at EU level 
and especially in the Nordic and Baltic countries 
[11, 14, 21], considering that these regions are 
extremely rich in forests. 

 

BIOFUELS FOR SUSTAINABLE REDUCTION 
OF GREENHOUSE GASES – current status 

Factors that help promote biofuels and place them 
into the global fuel market are: expected increase in 
population and thus fuel demand, decrease in fossil 
fuel reserves, and already observable climate change 
accrued to the model of global warming [1, 24].  

By 2030 the global population is expected to 
increase by 1.3 billion inhabitants on top of the 7.6 
billion currently, with growth predominantly in 
developing countries, which will have a rising 
middle class without any proper mindset of 

sustainable consumption of goods and transport, 
which will create additional stress from pollution, 
inefficient land use and food production [19, 20, 23]. 
The global production and use of biofuels have 
increased dramatically in recent years, with about 85 
% of their production going to bioethanol 
manufacture, considered the most ecologically 
friendly liquid biofuel, that can be produced from a 
variety of cheap raw materials that are sugars 
chemically. Theoretically, ethanol represents a 
closed carbon dioxide cycle because released carbon 
dioxide (CO2) from ethanol burning is recycled back 
into plant material during photosynthesis 
subsequently to become biomass [26]. Sugars, such 
as cane and molasses, can be used directly for 
ethanol production via fermentation, while starches, 
from corn, potatoes and root crops, must be 
hydrolysed via enzymes to fermentable sugars, and 
only then ethanol can be produced [3, 8]. Cellulose, 
from wood, agricultural residues, waste sulphite 
liquor from pulp and paper mills, must likewise be 
converted into sugars, generally by the action of 
acids or cellulolytic enzymes [11]. Lignocellulose 
biomass has long been advocated as a feedstock for 
cost-effective bioethanol production in an 
environment-friendly and sustainable manner, and 
agricultural wastes/residues are advocated as 
abundant and renewable resources for second-
generation bioethanol production [9, 11]. Therefore, 
to make full use of these resources for sustainable 
and economically feasible bioethanol production, the 
following difficulties still need to be overcome: (i) 
collection, supply and handling of bio-waste; (ii) 
economically feasible pre-treatment of waste; (iii) 
production of different economically feasible 
enzymes and yeast strains that will enable more 
efficient fermentation of cellulose in working 
conditions [15].  

Unlike traditional ethanol production, however, 
biofuels derived predominantly from forest 
harvesting potentially lack the equilibrium in respect 
to CO2 production and reabsorption. Many scientists 
claim that balance is only true if the calculated plant 
base taking up CO2 is not cut in the first place to 
create the ethanol, Fig. 1, [23, 24].  

Policies that will make biofuels more competitive 
identify the need for taxation of fossil fuels and fixed 
prices for biofuel-derived energy that may limit 
economic growth in the long run as forest biomass is 
only a slowly renewable source, considering the 
expected fast consumption of its sources [25].  
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unsustainable planting methods that utilise 
exclusively genetically modified (GM) crops [6].  

When considering a defined ‘sustainable’ approach, 
only the ‘low’ biomass supply scenario can be 
regarded as keeping biodiversity at a similar level as 
today [16, 22]. Even though it is difficult to predict 
trends in population growth and consumption habits 
of a world in 2050, it is certain that it is impossible 
to replace fossil fuels totally in a sustainable way, 
and more likely other sources of renewable energy 
must be developed [20].   

 

CELLULOSIC MATERIALS IN THE FUTURE 

In the light of the questionable role for biofuels 
discussed above, it is worth exploring the 
opportunities for cellulosic nanomaterials, made 
from renewable sources, as are likely to emerge in a 
range of applications that contribute to material 
sustainability. Advantages of low weight result in 
low carbon emissions in products and transport 
relative to other materials, whilst at the same time 
they bring high material strength and stiffness 
exceeding that of many metals. It has been 
demonstrated that application of cellulosic 
nanomaterials drastically increases concrete fracture 
toughness at addition levels as small as 0.5 wt%, 
decreasing the need for non-renewable materials use 
[7, 17, 18]. 

Speciality markets for cellulose nanomaterials 
already include flexible printed electronics and light 
emitting diode (LED) video screens, medical 
applications such as slow release drug delivery, 
incorporation in microfluid analytical devices, 
aerogel preparations for bone and tissue scaffolding, 
and 3D printing. 

 

CONCLUSIONS 

The main driving forces to increase the use of forest 
biomass for energy and production of bio-based 
materials are the international concern about climate 
change and, importantly, the political global 
imbalance of energy-rich nations as a major cause 
for potential destabilisation. European countries are 
becoming increasingly dependent on imported fossil 
energy. At the same time as demand is increasing, 
Europe needs to reduce energy costs to be able to 
reach economic competitiveness in the global 
market and to provide related social benefits, such as 
employment, education and health services. In 
Europe, where many national industries are highly 
dependent on fossil fuels, forest biomass is 
considered the solution for improving social 
security, providing steady material supply and thus 
economic growth, which will enable the EU to be 
competitive with the use of forest biomass providing 

a sustainable and unlimited resource of materials 
that does not contribute to increased emissions of 
greenhouse gases. 

From the discussion in this overview, clearly the 
transition towards a bioeconomy is a complex 
process, that should be the result of concerted and 
simultaneous development of economic, 
technological and ecological awareness together 
with evolution of cultural values on the global scale, 
so that the EU can be a part of it, whilst maintaining 
a unique aspect to its competitiveness. This must be 
considered in the light of sustainability development 
in countries that the EU imports from or invests into, 
which directly influences the sustainability 
development of the EU itself.  

The conclusion proposed here, is that a strategy 
toward a balanced bioeconomy needs to take 
account of the precepts of biocenology, which 
inform of the pitfall of ignoring the lack of coupling 
between human values and the environment 
occupied by the humanity. This balance can only be 
achieved by following the precepts of a circular 
economy, and not by a naïve short-term adoption of 
the assumption that biomass per se alone is 
sustainable.  

References  

[1] Von der Gracht, H.A., Darkow, I-L. "The 
future role of logistics for global wealth–
scenarios and discontinuities until 2025." 
Foresight 15, no. 5 (2013): 405-419. 

[2] Barceló, E., Dimic-Misic, K., Gane, P. (2018) 
“Impact of forest harvesting of wood biomass 
on sustainability and regulatory in European 
bioeconomy development:  learning from the 
Finnish model.” Proceedings of the 7th 
International Symposium on Industrial 
Engineering, SIE 2018, 27th-28th September 
2018, Belgrade. 

[3] Brodin, M., Vallejos, M., Opedal, M.T., Area, 
M.C., Chinga-Carrasco, G. "Lignocellulosics 
as sustainable resources for production of 
bioplastics–A review." Journal of Cleaner 
Production 162 (2017): 646-664. 

[4] Bell, J., Lino, P., Dodd, T., Nemeth, S., Nanou, 
C., Mega, V., Campos, P. "EU ambition to 
build the world’s leading bioeconomy - 
uncertain times demand innovative and 
sustainable solutions." New Biotechnology 40 
(2018): 25–30. 

[5] Commission of the European Communities, 
1993. “Growth, competitiveness, employment: 
the challenges and ways forward into the 21st 
century.” Bulletin of the European 
Communities. 

[6] Devos, Y., Demont, M., Sanvido, O., 2008. 
“Coexistence in the EU - return of the 
moratorium on GM crops?” Nature 
Biotechnology, 26(11): 1223-1225. 

252



[7] Dimic-Misic, K., Ridgway, C., Maloney, T., 
Paltakari, J., Gane, P., 2014. Influence on pore 
structure of micro/nanofibrillar cellulose in 
pigmented coating formulations. Transport in 
Porous Media, 103(2) 155-179. 

[8] De Schutter, O., 2011. “The green rush: the 
global race for farmland and the rights of land 
users.” Harv. Int'l LJ, 52, p.503. 

[9] Dondur, N., Jovović, A., Spasojević-Brkić, V., 
Radić, D., Obradović, M., Todorović, D., 
Josipović, S., Stanojević, M. (2015). “Use of 
solid recovered fuel (SRF) in cement industry: 
economic and environmental 
implications.” Journal of Applied Engineering 
Science, 13(4), 307-315. 

[10] European Commission. Directorate-General for 
Research and Innovation. “Innovating for 
sustainable growth: a bioeconomy for Europe.” 
Publications Office of the European Union, 
2012. 

[11] Fritsche, U.R., Sims, R.E.H., Monti, A. “Direct 
and indirect land‐use competition issues for 
energy crops and their sustainable production–
an overview.” Biofuels, Bioproducts and 
Biorefining 4, no. 6 (2010): 692-704. 

[12] Fernando, R. "Sustainable globalization and 
implications for strategic corporate and 
national sustainability." Corporate 
Governance: The international journal of 
business in society 12 (4) (2012): 579-589. 

[13] Geissdoerfer, M., Savaget, P., Bocken, N.M.P., 
Hultink, E.J. "The Circular Economy – a new 
sustainability paradigm?" Journal of Cleaner 
Production 143 (2017): 757-768. 

[14] Hetemäki, L., Hanewinkel, M., Muys, B., 
Ollikainen, M., Palahí, M., Trasobares, A., 
Aho, E., Ruiz, C.N., Persson, G., Potoćnik, J. 
“Leading the way to a European circular 
bioeconomy strategy.” European Forest 
Institute, 2017.  

[15] Hansen, E. (2016). “Responding to the 
bioeconomy: business model innovation in the 
forest sector.” In Environmental Impacts of 
Traditional and Innovative Forest-based 
Bioproducts (pp. 227-248). Springer, 
Singapore. 

[16] Haas, W., Krausmann, F., Wiedenhofer, D., 
Heinz, M., 2015. “How circular is the global 
economy? An assessment of material flows, 

waste production, and recycling in the 
European Union and the world in 2005”. 
Journal of Industrial Ecology (2005) 19(5): 
765-777. 

[17] Isogai, A. (2013) “Wood nanocelluloses: 
fundamentals and applications as new bio-
based nanomaterials.” Journal of wood science, 
59(6): 449-459. 

[18] Jutila, E., Koivunen, R., Kiiskhi, I., Bollström, 
R., Sikanen, T., Gane, P. (2018) “Microfluidic 
Lateral Flow Cytochrome P450 Assay on a 
Novel Printed Functionalized Calcium 
Carbonate-Based Platform for Rapid Screening 
of Human Xenobiotic Metabolism.” Adv. 
Funct. Mater. 2018, 1802793-1802804: DOI: 
10.1002/adfm.201802793 

[19] Keiner, M., 2005. “History, definition (s) and 
models of sustainable development.” ETH 
Zurich. 

[20] Kharas, H., Gertz, G. "The new global middle 
class: a cross-over from West to East." 
Wolfensohn Center for Development at 
Brookings (2010) 1-14. 

[21] Näyhä, A., Pesonen, H. L. (2012). “Diffusion 
of forest biorefineries in Scandinavia and North 
America.” Technological Forecasting and 
Social Change, 79(6): 1111-1120.  

[22] Pelenc, J, Ballet, J., Dedeurwaerdere, T. "Weak 
sustainability versus strong sustainability." 
Brief for GSDR United Nations (2015). 

[23] Sheldon, R.A., 2007. The E factor: fifteen 
years on. Green Chemistry, 9(12): 1273-1283. 

[24] Saini, J.K., Saini, R., Tewari, L., 2015. 
“Lignocellulosic agriculture wastes as biomass 
feedstocks for second-generation bioethanol 
production: concepts and recent 
developments.” 3 Biotech, 5(4): 337-353. 

[25] Socaciu, C., 2014. “Bioeconomy and green 
economy: European strategies, action plans and 
impact on life quality.” Bulletin UASVM Food 
Science and Technology, 71(1): 1-10. 

[26] Söderberg, C., Eckerberg, K. "Rising policy 
conflicts in Europe over bioenergy and 
forestry." Forest Policy and Economics 33 
(2013): 112-119. 

 

 

 

253



 

BEST
 
 
 

1Technic

Abstract.  
The purpos
and benefit
The startin
analysis an
Qualitative
Faurecia, 
organizatio
strategy we
quality eng
of research
framework 
new projec
Keywords: 
making, ris
 
1.INTROD
Starting a 
individual 
research an
well as oth
This is es
Industry 4.
Industry 4
Fourth Ind
mainly Cyb
Internet o
manufactur
computing,
Autonomou
According 
Fourth Ind
revolution,

T PRACTIC

K
cal University

se of the pape
ts of the new I

ng point is liter
nd interviews 
e research ra
but results fro
on managers 
ere also used, 
gineering and 
h, it is about fi
k for deciding 
ct. 

Industry 4.
sk managemen

DUCTION 
new produc
approach and

nd developmen
her departmen
specially imp
0 projects.  
.0 (I4.0) is co

dustrial Revolu
ber-physical sy

of Things (Io
ring, Cloud 
, Augmente
us robot, Know
to Professor K

dustrial Revol
 we are fa

CE OF LA

Kristína Zgod
y of Košice, S

of M
2Faur

r is to present
Industry 4.0 (I
rary research, 

with operatio
an from 2017
om the experie

with imple
particularly i
management. 
nding a suitab
on the implem

0, new proje
t, data manage

ction program 
d professiona

nt (R&D), man
nts within the 
ortant when 

ommonly refer
ution [1] and is
ystems, System
oT), Simulatio

computing,
ed reality, 
wledge automa
Klaus Schwab, 
lution [2] "in

facing a ran

AUNCHING

davová1, Miro
Slovakia, Facu
Materials and
recia Leather 

kristina.zgo

t the meaning 
I4.0) projects. 

best practice 
on managers. 
7 to 2018 in 
ence of other 

emented I4.0 
in the area of 
At this stage 

ble conceptual 
mentation of a 

ect, decision 
ement control

requires an 
al support of 
nufacturing, as 

organization. 
it comes to 

rred to as the 
s representing 
m integration, 
on, Additive 
, Cognitive 

Big data, 
ation. 
author of The 

n this fourth 
nge of new 

G A NEW 

oslav Čička1, 
ulty of Materi
d Quality Eng

Košice s.r.o.
odavova@tuk

 
 

technolo
biologic
Industry
factory"
autonom
actions 
This fa
processe
D), 
manufac
as well 
product 
intellige
transform
The dig
tradition
digital 
replica 
more. 
The be
possibil
simplifi
creating
automat
introduc
processe
convent
compan
 
A majo
operatio
improve
 

PROJECT

Ľubomír Len
ials, Metallur

gineering 
, Slovakia 
e.sk 

ogies that com
cal worlds". 
y 4.0 aims t
" with cyber-
mously exchan
and controlling

act enables a 
es related to re

materials 
cturing, perfor

as supply ch
lifecycle. 

ent products ar
mation. 
gital revolutio
nal processes 
models, virtu
of physical as

enefits of dig
ities to lean th
ed data manag

g cheaper and 
tion of labou
ction of me
es [5]. The be
tional manufac
nies operating in

ority of I4.0 
on managers 
e their daily wo

T IN INDU

ngyel2 
gy and Recyc

mbine the phys

o achieve a l
-physical syste
nging informa
g each other in

significant i
esearch and de

utilization, 
rmance and ass
hain managem

Intelligent 
re part of this 

on is radically
of engineerin

ual prototypes
ssets are expa

gitization are 
he organizatio
gement, greate
more individu

ur-intensive pr
easures that 
enefits of I4.0
cturing compan
n the service s

projects start 
trying to solv
ork on the shop

USTRY 4.0

cling, Institute

sical, digital an

level of "sma
ems capable 
ation, triggerin
ndependently [3
improvement 

evelopment (R 
engineerin

set managemen
ment and over

materials an
industrial digit

y changing t
ng. At presen
s and a digit
anding more an

mainly in t
on [4], includin
er possibilities 
ualized solution
rocesses, or t

simplify the
 can be seen 

nies as well as 
ector. 

as a result 
ve problems 
p floor [6]. 

 

e 

nd 

art 
of 
ng 
3]. 
in 
& 

ng, 
nt, 
all 
nd 
tal 

the 
nt, 
tal 
nd 

the 
ng 
of 

ns, 
the 
ese 
in 
in 

of 
or 

254



2.METHODOLOGY AND RESEARCH 
PROBLEM 
We know how new projects happen in a predictable 
world [7].  
In a predictable environment, a team is established, 
the market is analyzed, a forecast is created, and a 
business plan is written. Resources are then 
collected, and the plan will be launched. 
Increasing the unpredictability of the environment 
also increases the risk of decision-making. 
Therefore, the research question is how to start new 
projects in a less predictable environment, among 
which I4.0 certainly belongs. The problem is to find 
the best way or at least a good way to achieve it in 
an age in which dissemination of data and opinions 
does not allow for a decisive analysis. Remote 
events have an immediate, unexpected impact and 
economic uncertainty cause companies to be 
reluctant to make big decisions in such a risky 
environment. 
It is also difficult to find a well-established 
theoretical framework in this area. 
Our qualitative research was conducted through a 
literary survey and published short examples of best 
practice from scholarly sources and interviews with 
project managers in organizations with I4.0 strategy. 
The research problem is the new project launching 
in I4.0 in organizations that already have an 
implemented I4.0 strategy. 
 
3.LITERATURE REVIEW  
The topic I4.0 is relatively extensively described in 
the literature and is currently also discussed at 
conferences, discussion forums. This topic is also 
addressed by separate reports and organization 
studies, for example [8] [9] [10].  
In the Emerald Insight database, the I4.0 theme 
appears from 2014 until now (19-7-2018), while the 
number of published articles and case studies by 
topic and keywords "Industry 4.0" is 2,724. Other 
related terms: "Project 4.0", "Lean 4.0", "Digital 
Management Control" that we searched for in this 
database are only rarely found. Figure 1 shows the 
frequency of searches for listed terms in the world 
over the last 12 months using google trends. 

 
Figure 1 The frequency of search terms in 12 months 
[11]  

Note: "Industry 4.0" – blue; "Project 4.0" – red, 
"Lean 4.0" – yellow; "Digital Management Control" 
– green. 
Various evidence of the implementation of Industry 
4.0 in organizations are globally growing [8]: 
a) the internet is used as a primary source of 
information and the most important means of 
communication. 
b) Creating and using virtual representations of the 
real world. Cybernetic systems that partly act 
autonomously and can make their choices are 
developing more and more. 
Several authors [10] [12] [13] [14] investigated 
organizations, their risks and logical procedures used 
for projects related to new products and services. 
They are seeking new business models for situations 
where old methods of analysis, forecasting, 
modelling, planning, and allocation does not work. 
Generalization can be found in an approach that 
defines acceptable loss and instead of looking for the 
perfect solution also allows a pretty good solution 
regarding win-win strategy [10] [15] and/or min-
max method [16]. 
This approach allows different thinking and focuses 
more on modelling and simulating the future than on 
predicting it. This new logic assumes that every 
manager will do the same when confronted with the 
unknown because it is a very risky way to start new 
projects. Of the many exciting practices, we have 
chosen three, which can be summarized in simple 
steps. According to Jill Jusko paper published in 
Industry Week [10], it is essential to recognize early 
that the goal of new product development projects is 
to eliminate the difference in knowledge between 
when to start a new product project and when to 
implement it. According to Oosterwal [17], "the 
whole objective is to create reusable knowledge 
better, faster, more efficiently and the way to be able 
to get products developed faster", and the procedure 
according to [10] can be summarized in three steps: 

(1) Agile Development (2) Knowledge-based 

Development  (3) Spiral Development 
 
The study [8] refer to six steps which are required 
for success in Industry 4.0: 

(1) Map out Industry 4.0 organization strategy  

(2) Create initial pilot projects  (3) Define the 

capabilities you need  (4) Become a virtuoso in 

data analytics  (5) Transform into a digital 

enterprise  (6) Actively plan an ecosystem 
approach. 
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One of the theoretical frameworks is also a project 
approach based on the I4.0 strategy of Faurecia [18]: 

(P1) Prerequisite anticipation  (P2) Scoping  

(P3) Connectivity - Master data  (P4) DMC 

implementation  (P5) – Support  (P6) – Full 
plant roll-out 

 
4.BEST PRACTICE EXAMPLE 
Since 2015, Faurecia has been involved in the 
strategic transformation of its operations into 
Industry 4.0 or Internet of things. The emergence of 
new solutions such as robots for cooperation called 
"cobots", automated handling devices or "automated 
guided vehicles" (AGV) led in 2009 to a 
breakthrough in automation of assembly and 
handling in many plants. Implementation of Radio 
Frequency IDentification (RFID) barcodes or QR 
codes allows to track components and finished parts 
in production areas from goods receipt to product 
pick-up and transportation. An example of best 
practice in launching a new project in I4.0 is the 
Faurecia story based on [18] [19] [20] and 
interviews with operation managers. 
The digital transformation of Faurecia takes place 
since 2015 in the following phases: 

2015: Explore & Design  Experiment and Learn 

 Prepare Rapid Scale-Up.  
The result was 200 digital use cases and 40 proofs 
of concept. 
2016: Core solution design and pilots. Design of the 
digital core solutions on the scope of selected 

initiatives  implementation of the solutions on 
pilot sites to adjust and validate the design before 
mass industrialization.  
The result was the first digital solutions catalogue 
for operations such as Predictive maintenance, 
Digital Management Control, Collaborative robots, 
Product Life Cycle solution, digital learning 
platform. 
2017: Deployment industrialization. 
Industrialization based on the large-scale 
deployment of the solutions available in the 

catalogue  Design of new digital solutions to 
enrich the catalogue. The result: Massive 
deployment of the digital solutions from the 
catalogue all over the world. 
 
4.1 Digital Management Control (DMC) 
A step forward shop floor digitalization and Lean 
4.0 is a procedure of Macro planning projects: 
P1: Pre-requisites and anticipation 

 Team mobilization and planning 

 CAR approval for Mii server and 
procurement 

P2: Scoping 

 Kick-off and site visit 

 Fit Gap analysis 

 Project scoping (SOW, blueprint) 
P3: Connectivity & Master Data preparation 

 Data preparation for Mii test 

 Machine connectivity: cabling, PLC 
modification 

 Key user training  

 Translation if needed 

 Master data adaptation (routings, booking 
point) 

P4: DMC project implementation 

 Material reception (devices, cabling…) 

 Mii NG installation, configuration and 
basic test 

 Non-Regression test of the solution 

 End users training 

 Knowledge transfer (cutover plan) 
P5: Support 

Post Go Live support 
P6: Full plant rollout 
 
4.2 Deployment Industrialization: Attribute data 
entry system  
Automation of specific logistics tasks and adapting 
process parameters by feedback information from 
each produced component or product was the 
internal strategic goal of Košice plant in 2015. 
In 2016, after the initiative of operational managers 
and proposing a pilot project, future users of the new 
attribute data entry system (ADES) defined their 
requirements for its features and functions. The 
Quality Function Deployment (QFD) application, in 
collaboration with the University and system vendor, 
has been designed and implemented by the ADES 
system for permanent operation of the plant. 
Digital dashboards enable real-time sharing of 
information from pre-operational, operational and 
after-operational inspection and provide the 
opportunity for the immediate response of operating 
teams and in case of disagreement, drift or 
production line break can be immediately reacted. 
After training and through permanent use of the 
system by personnel, after a year of use the number 
of nonconformities fell from 680 a month to 136. 
The implementation of digital management tools, 
along with "big data" to control manufacturing 
processes opens new prospects for optimizing the 
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operating conditions of production lines and 
increasingly making better use of industrial assets. 
Currently, within the stages of Deployment 
Industrialization, several plants have implemented 
this system. 
At present, Faurecia focuses on seamless data 
generation and communication, including data on 
the quality of manufacturing and production 
processes to increase efficiency and productivity 
while increasing visibility and control of production 
processes through global cloud solutions. To that 
end, Faurecia chose IBM [21], which has built a 
global cloud-based solution to collect, manage, and 
analyze data from every manufacturing facility in 
the entire company. Using cloud capabilities and 
analytics, poor quality can be significantly reduced, 
and the efficiency and performance increased [22].  
 
4. CONCEPTUAL FRAMEWORK 
Further research will jointly explore the logical 
procedures that are used by various organizations 
with implemented strategy I4.0 at new project 
launches. 
The conceptual framework for further research is 
illustrated in Figure 2. 

 
Figure 2 – Industry 4.0 research conceptual 

framework for the new project launch decision 
making and project risk management 

 
6.CONCLUSION 
The paper presents the first phase of research on the 
new project launch in I4.0. Three models of logical 
procedures are presented in the design of new 
projects. Best practice is taken from an organization 
presenting a supplier in the automotive industry and 
is described more detailed. 
For most manufacturers, Industry 4.0 is just a dream. 
However, at Faurecia, it is a reality [19]. Faurecia’s 
"digital enterprise" project is set to transform 
working practices in virtually every aspect of the 
organization [19]. 

 
Figure 3 A general view of the ADES operator 
application 
 
ACKNOWLEDGEMENT 
This paper was developed within the project VEGA 
1/0904/16 “The utilization of processes capability 
and performance and products dimensional 
tolerances in the management of material 
consumption and related economic, energy and 
environmental consequences (MINIMAX-3E)” 
supported by The Ministry of Education, Science, 
Research and Sport of the Slovak Republic. 
 
REFERENCES 
[1] Marr, B. "Why Everyone Must Get Ready For 
The 4th Industrial Revolution," Forbes, no. April 5, 
2016.  
[2] Schwab, K. The Fourth Industrial Revolution, 
New York: Crown Publishing Group, 2016.  
[3] Hiskey, T. "Preparing for Manufacturing’s 
Future with Industry 4.0," Industry Week, no. May 
26, 2017.  
[4] Brännmark, M., Langstrand, S. Johansson, A. 
Halvarsson, L. Abrahamsson and J. Winkel, 
"Researching Lean: Methodological Implications of 
Loose Definitions," Quality Innovation Prosperity, 
vol. 16, no. 2, 2012. DOI: 10.12776/qip.v16i2.67. 
[5] IAPM Blog, "Industry 4.0 and Project 
Management," IAPM, 25 6 2018. [Online]. 
Available: https://www.iapm.net/en/news-
events/iapm-blog/!/show/266/industry-40-and-
project-management/. [Accessed 23 7 2018]. 
[6] Jakob, T. "A 5-step approach towards successful 
Industry 4.0 projects," Bosch ConnectedWorld Blog, 
3 11 2016. [Online]. Available: https://blog.bosch-
si.com/industry40/a-5-step-approach-towards-
successful-industry-4-0-projects/. [Accessed 5 6 
2018]. 
[7] Schlesinger, L., Kiefer, C., and Brown, P. "New 
Project? Don’t Analyze—Act," Harvard Business 
Review, no. March, 2012.  

257



[8] Geissbauer, R., Vedso, J. and Schrauf, S. "Global 
Industry 4.0 Survey," PwC Network, 
www.pwc.com/industry40, 2016. 
[9] VDMA, "An Overview Industry 4.0 Research at 
German Research Institutes," VDMA Forum 
Industrie 4.0, industrie40.vdma.org, Frankfurt am 
Main, 2016. 
[10] Jusko, J. "New Models for Product 
Development," Industry Week, Vols. 
http://www.industryweek.com/companies-amp-
executives/new-models-product-development, no. 
April 12, 2010.  
[11] Google, "Google Trends," Google, 23 7 2018. 
[Online]. Available: https://trends.google.com/. 
[Accessed 23 7 2018]. 
[12] Bingham, F. "New Product Development: An 
Implementation Model," in: Bahn K. (eds) 
Proceedings of the 1988 Academy of Marketing 
Science (AMS) Annual Conference. Developments 
in Marketing Science, Springer, Cham, 2015.  
[13] Sarasvathy, S. D. and Dew, N. "New market 
creation through transformation," Journal of 
Evolutionary Economics, vol. 15, no. 5, pp. 533-
565, 2005.  
[14] Chambers, J. ., Mullick, S. and Smith, D. "How 
to Choose the Right Forecasting Technique," 
Harvard Business Review, no. July, 1971.  
[15] Elkington, J. "Towards the Sustainable 
Corporation. Win-Win-Win Business Strategies for 
Sustainable," Sustainability, vol. 36, no. 2, pp. 90-
100, 1996.  
[16] Zgodavova, K., Mihalikova, M., Hurna, S., 
Straka, M. and Miklos, V. "Rationalization of the 
material consumption in a chemical-technological 
process of forming," Przemysł Chemiczny. Vol. 97, 
no. 2 (2018), p. 200-2004, 2018. DOI: 
DOI:10.15199/62.2018.2.3. 
[17] Oosterwal, D. Lean Mashine, Nashville: 
AMACOM, HarperCollins Leadership, 2010.  
[18] Vialat, L., Davidian, C. ., Gohier, F., Silvestre, 
N. and Cortier, C. Digital Transformation. 
Information kit document: Digital Management 
Control (DMC), Power Point Presentation: Faurecia, 
2017.  
[19] Faurecia, "The Digital Enterprise initiative," 
Faurecia, 2018. [Online]. Available: 
http://www.faurecia.com/en/about-us/partner-of-
choice/digital-enterprise-initiative. [Accessed 8 7 
2018]. 
[20] Koenig, B. "Faurecia goes all in on Industry 
4.0," Advancedmanufactuiring.org, 15 5 2017. 
[Online]. Available: 

https://advancedmanufacturing.org/faurecia-goes-
industry-4-0-2/. [Accessed 12 6 2018]. 
[21]  IBM, "Faurecia Drives Digital 
Transformation with IBM Cloud," 12 9 2017. 
[Online]. Available: https://www-
03.ibm.com/press/us/en/pressrelease/53121.wss. 
[Accessed 15 5 2018]. 
[22] Zavadsky, J. and Hiadlovsky, V. "The 
Consistency of Performance Management System 
Based on Attributes of the Performance Indicator: 
An Empirical Study," Quality Innovation Prosperity, 
vol. XVIII, no. 1, DOI 10.12776/Qip.V18i1.314, pp. 
93-106, 2014. 

258



 

A YOU
QUA

 
 
 

 
Abstract. T
into quan
augmented
clearer vie
In addition
young rese
purpose. T
analysis of
Google Sch
with numb
and mixed
the authors
of articles
activities, a
research g
is a long-t
developing
authors pro
young rese
Key words
Google S
researcher
 
1. INTROD
Augmented
technology
real physi
camera-ena
in various 
AR becam
it is increas
The author
a deep qua
young rese
young res

UNG RESE
ANTITATI

1Research 
2School of E

The aim of this
ntitative ana

d reality (AR), 
ew for future s
n, potential of
earcher’s poin

The authors c
f number of a
holar in the la

ber of articles 
d reality is con
s carried out 
s dealing with
and with AR pe
ives reasonabl
term technical

g in the next
ovide a concise

earchers. 
s: Augmented

Scholar, Quan
’s view  

DUCTION 
d reality (AR
y that overlay
ical environm
abled devices 
industries and 

me significant w
singly used in v
rs of the paper 
antitative insig
earchers, so th
earcher’s role

ARCHER
IVE ANAL

I

Z
and Develop

Engineering, U

s paper is to pr
lysis of ar
with the purp

study to young
f AR is perce
nt of view w
onducted a co

articles dealing
ast 30 years. A

mentioning v
nducted, too. 
analyses abou
h roles of A
er industrial ca
le ground to ex
l route which 
t years. Acco
e report with s

d reality, Arti
ntitative anal

R), a new 
ys digital info
ment in real-t

[1, 6], brings r
human activit

widespread tec
various industr
realized a need

ght of studies 
hey put them
e to have the

’S VIEW O
LYSIS OF 
IN THE LA

Zorica Dodevs
pment Institute
University of 

rovide insight 
ticles about 

pose to give a 
g researchers.
eived from a
ith the same 
omprehensive 
g with AR on 
A comparison 
virtual reality 
Furthermore, 

ut the number 
R in human 

ategories. The 
xpect that AR
will continue 
ordingly, the 
suggestions to 

icle analysis, 
lysis, Young 

revolutionary
rmation over 
time through 
rapid changes
ties. Recently,
chnology, and 
ries.  
d to introduce 
about AR to 
selves into a 
e appropriate 

OF AUGM
ARTICLE

AST 30 YE

ska1, Goran P
e Lola Ltd, Se
Minho, Portu

view. It
of the fo

 Lead
have 
there 
profe

 It is 
own 
get ac

 AR h
and 
categ
time, 
keep 
and a

 A p
essen
of na

 
2. MET
The au
properly
a rapidly
that th
perspect
A prelim
done on
test and
roles in
classific
compreh

2.1. Sou
Several 
Academ

MENTED R
ES AT GOO
EARS  

Putnik2 
erbia; zorica.
ugal; putnikgd

t is important 
ollowing reason

ing companies
been investin
is a need 

essionals in this

necessary that
opinion based

cquainted with

has many diffe
it is related

gories. All the
so it is becom
track with th

adapt the resear

rofound repo
ntial for directi
arrowing their a

THODOLOGY
uthors specifie
y conduct a qua
y changing fie

he method s
tive of a young
minary pilot re
n the CIRP An
d define search
n human acti
cation of in
hend the resear

urce of data 
sources of da

mic, CiteSeerX

REALITY B
OGLE SCH

dodevska@li
d@dps.uminh

for young rese
ns: 

s, governments
ng large resou

for engagem
s innovative fie

t a young res
d on relevant 
h this area more

erent roles in h
d with almo
em have been
ming increasing
he ongoing fas
rch activities.  

ort of researc
ing young rese
area of interest

Y  
ed an appropr
antitative analy

eld such is AR
should be de
g researcher.  
esearch using s
nnals 2008-201
h keywords, t
vities, to cho

ndustry categ
rch process. 

ata are consid
X, Oxford A

BASED ON
HOLAR  

i.rs 
ho.pt 

earchers becau

, and institutio
urces in AR, 
ment of youn
eld. 

earcher form 
information an
e thoroughly. 

human activiti
st all indust

n changing ov
gly significant 
st-paced chang

ch activities
earchers in term
. 

riate method 
ysis of articles 
, having in min
efined from 

similar method
18 [2], mostly 
to recognize A
oose the prop
gories, and 

dered (Microso
Academic, etc

 

N 

use 

ons 
so 
ng 

its 
nd 

ies 
try 
ver 

to 
ges 

is 
ms 

to 
in 
nd 

a 

d is 
to 

AR 
per 
to 

oft 
c). 

259



Google Scholar is chosen for the following reasons: 
it is a multidisciplinary search engine of scholarly 
sources that are available at the web; it offers a free 
access to advanced searching capabilities; it has a 
very large amount of data [5]; it is regularly updated 
and keeps pace with recent advance in all research 
fields; it covers the period of interests for this 
research; and it is maintained by a respected 
institution. 
Apart from many advantages, Google Scholar has 
some limitations. One of them is that the articles 
must be present at the web and available to Google 
search engine to be found. The authors believe that 
restriction is not relevant for this research since most 
of scientific articles about relatively new technology 
like AR are present and available at the web. Some 
other limitations are avoided by not using Google 
Scholar’s problematic aspects: citations are not used 
in this paper; Matthew and Google Scholar effects 
are avoided in the similar way.  

2.2.  Data collection 
The period of interest for this research spreads over 
the last 30 years. It is defined by appearance of AR 
technology and the period when the scholarly 
articles have been produced. 
The data are collected using the advanced search by 
keywords that are previously defined in the pilot 
research, so that they cover the searched feature 
unequivocally.  
The keywords are defined for three general features 
of AR articles’ appearance: 1) number of articles 
that appear on Google Scholar for each year in total, 
for AR and for related technologies – virtual reality 
(VR) and mixed reality (MR); 2) number of articles 
dealing with AR per roles in human activities, based 
on HBRS [3] and personal insight of the authors; 3) 
number of articles dealing with AR per industry 
categories, based on ISIC [4]. 

2.3. Searching criteria 
Advanced search is used with exact phrases that 
occur anywhere in the article, for each year during 
the last 30 years (from 1989 to 2018). 
The main searching phrases are “augmented reality”, 
“virtual reality”, and “mixed reality”. Only articles 
strictly dealing with AR, VR or MR are considered 
(for example, only “augmented reality” is included, 
but other “augmented XYZ” are excluded, like 
“augmented environment”, etc).  
The search focus is AR, while VR and MR are used 
for the comparison with AR for their trends. 

The options to search patents and citations are not 
used, so that some important Google Scholar 
limitations are avoided. 
Search about the roles of AR is done by the next 
general template: “main phrase” AND “main term 
for the role” OR “first additional term” OR “second 
additional term” (for example: "augmented reality" 
AND "design" OR "development" is used to find 
articles dealing with AR role in design and 
development). Similar template is used to search for 
articles dealing with AR in industry categories (for 
example: "augmented reality" AND "agriculture" 
OR "forestry" OR "fishing"; the retrieved number of 
articles is put under the use of AR in the industry 
category “Agriculture, forestry and fishing”, 
according to ISIC [4]).  

2.4. Key historical events 
The key events in the history during the last 30 years 
that had impact to AR are used to explain trends and 
changes that are found. 
The data are further processed to found statistical 
trends, shares in totals, relations, type of 
determinations, and to present them in charts. 
 
3. RESULTS  

3.1. Relationship among AR, VR, and MR 
The number of the articles dealing with AR, VR, and 
MR, and their trends are presented in Figure 1. 

 
Figure 1. Number of articles dealing with AR, VR, and MR 
 
Although the number of articles dealing with AR 
during the last 30 years (excluding 2018 because it 
still does not have the complete data) is less than for 
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