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USING WATER UTILITY PERFORMANCE INDEX (WUPI)
FOR MEASURING COMPANY’S PERFORMANCE

Gjeorgji Hristov, Gligorce Vrtanoski

Faculty of Mechanical Engineering, "Ss. Cyril and Methodius" University in Skopje,
Karpos 11 bb, P.O. box 464, 1001 Skopje, Republic of Macedonia
gligorche.vrtanoski@mf.edu.mk

A bstract: This paper proposes a water utility performance index (WUPI) to measure the performance of
water supply utilities in Republic of Macedonia. WUPI is based on 12 key performance indicators (KPIs) grouped into
three components (economic sustainability, operational sustainability and quality of services). The WUPI was calcu-
lated on 4 different ways using two weighting systems and two different functional forms to aggregate the indicators
(additive aggregation and hybrid aggregation). Performance of 12 water utilities is measured by calculating WUPIs for
aperiod from 2013 to 2016. The results obtained indicate that the performance level between the analyzed water supply
utilities is heterogeneous, with water supply utilities earning both high and low scores of the WUPI. The lowest value
of WUPIs are recorded for operational performance, while service quality component showed the best performance.
Findings urged for immediate actions in the sector, otherwise the medium- to long-term self-sustainability of water
supply utilities is under the risk. To sustain the service quality in the future, focus is to be given on reducing non-
revenue water, dealing with overstaffing, improving operational costs coverage and lowering fee collection period.

Key words: water utilities, indicators; WUPI; performance; benchmarking

KOPUCTEILE HA UHAEKCOT WUPI 3A MEPEILE HA TIEP®OPMAHCUTE HA ITIPETHHPUJATHETO

AmncTpakT: BooBojTpyn ce mpemara KOpucTeme Ha MHICKC 32 Mepebe Ha Tep()OpPMaHCHTE Ha CTOIIaHHCY-
BameTo co Boga (WUPI) Bo KoMyHanmHHTE BOJOCTONAHCKH MpeTnpujaTHja Bo Pemybmuka Makemonuja. WUPI ce
Oazmpa Ha 12 xirygHn nHaEKaTopH 3a yeremHocT (KPIs) rpynupann Bo Tpu KOMIIOHEHTH (€KOHOMCKA OJIPKIIUBOCT,
OTepaTUBHA OJIPKIINBOCT M KBAJUTET Ha yciIyru). Bpemnocture Ha nHnekcor WUPI Gea mpecmeranu Ha 4 pa3nmuaHu
HAYMHU KOPHUCTEjKH ABE PA3INIHI METOAN 32 OJIpeIyBarhe Ha TEXHMHCKUTE BPEIHOCTH HA OIEIHITE HHIUKATOPH KOU
ro counnyBaar WUPIL, u nBa HaumHa 3a cobuparme Ha MHAWKaTopuTe (aAWTHBHA U XuOpHaHa arperamuja). [lepdop-
MaHcuTe Ha 12 BOJIOBOJHHU MpeTnpHjaTHja 6ea U3MepeHu HpeKy npecMmeTka Ha BpexHocture Ha WUPI 3a mepron ox
2013 no 2016 roauna. JJoOueHnTe pe3yiTaTd MOKaXKyBaaT JeKa MMOCTOM XETepOreHO HMBO Ha nepdopMaHCUTE Kaj
BOJIOBOAHUTE mpeTnpujatija. Crnopen npecmeranure Bpeanoctn Ha WUPI, Hajcnabu ce mepdopmaHcuTe IWTO ce
OJIHECYBaaT Ha OIlepaTHBHATA OJPIKIIMBOCT, JOJIeKa KOMIIOHEHTATa 32 KBAJIUTET HA YCITyTH MIOKAXXYBa HAjI00pH pe3yit-
TaTH BO aHAJIM3UPAHHOT neproA. Haoaure cyrepupaar sa ce npe3emMaT UTHH MEPKH BO CEKTOPOT, OM/IEjKH BO CIIPOTUB-
HO TTIOCTOH PU3HK 33 CPEAHO- U JJOJITOPOYHATA OJPXKIIMBOCT Ha MPETIpHjaTHjaTa. 3a ja ce OAp>KH KBAJIUTETOT Ha yCITy-
THTE U BO HIHMHA, (OKYCOT Tpeba Jla ce CTaBU Ha HaMallyBame Ha HEJOXOIHATa BOJA, CIIPaByBame CO NMpeBpadoTe-
HOCTa, 0100pyBamke Ha MOKPUEHOCTA Ha ONIepaTHBHUTE TPOLIOIY U HaMalyBambe Ha IIEPUOJIOT Ha HarliaTa.

Kuayunu 36opoBu: BonoBoHu komnanuu; uaankaropu; WUPI; nepdopmancu; benchmarking

1. INTRODUCTION utilities (Canneva and Guérin-Schneider, 2011) [7]

and benchmarking techniques have become a stra-

Over the past two decades, the use of perfor- tegic tool for water regulators. Benchmarking is
mance indicators has emerged as the main tool for used: (i) to promote and motivate “competition” be-

measuring and monitoring the performance of water tween different water utilities in order to improve
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their performance, (ii) to identify the strengths and
weaknesses in the performance of water utilities,
(iii) to promote information sharing and improve
transparency in the reporting process, (iv) to iden-
tify performance trends, and (v) to provide infor-
mation regarding the performance of water utilities
to water consumers (Alegre et al., 2009; Padowski,
2008) [4, 21].

In order to increase the business performance,
each company must work effectively and efficiently
and this applies for public sector companies as well
(Wisniewski and Donnelly, 1996; Andreassen,
1994) [27, 5]. There is no doubt that different busi-
ness aspects are inter-correlated to each other and
those relations have ultimate impact over compa-
nies’ performance and quality of products and ser-
vices. For example, in a metaanalysis carried out by
Capon et al. (1990) [8] some 20 studies were iden-
tified that find a positive relationship between qual-
ity and business performance. A research conducted
by Albert and Leyland (1997) [2] on a sample of UK
service firms “suggest that the service quality deliv-
ered by a business does have an effect on perfor-
mance” (p. 613). Therefore they advise the manag-
ers to seek for improving the service quality of their
business in the efforts to improve profitability.
However, the authors add that this does not imply
that a firm should continue to strive for quality at
any cost. Hackl and Westlund (2000) [16] stated
that customer satisfaction is essential for customer
retention and loyalty, but also for improving an or-
ganization’s performance. Others (Barnes and
Cumby, 1996) [6] also claimed that increased cus-
tomer satisfaction can contribute to performance.
Similarly, Fornell (1992) [11] documents that cus-
tomer satisfaction has a direct impact on an organi-
zation’s performance and suggests that the manag-
ers are keen to improve customer satisfaction and
thus business performance. However, they all relay
on the link between satisfaction and quality, and ac-
cordingly, that is the reason why companies are con-
stantly seeking for service quality improvement.

Urban water utilities commonly operate in a
natural monopoly environment and missing market
competition defocusses those utilities from continu-
ous improvement of their performance. Therefore,
water regulators in both developed and developing
countries usually conduct performance evaluations
of water utilities using benchmarking techniques
(Marques et al., 2011) [18]. Furthermore, in devel-
oping countries where major efforts have been made
to improve water services, consumers are paying
high tariffs for those services, considering their

socioeconomic context (Hoque and Wichelns,
2013) [17]; yet, according to some authors, these
services are usually of poor quality (Mugabi et al.,
2007) [19].

Recently established national regulator in the
Republic of Macedonia has just pioneered with
regulating the sector by setting tariff limits for the
utilities supplying more than 10,000 inhabitants and
intends to introduce a benchmarking framework to
evaluate the performance of the main urban water
supply utilities in the country. However, the bench-
marking tool is not yet designed and the key perfor-
mance indicators are still to be defined, so the sys-
tem does not provide an integrated evaluation of
overall performance or enable comparison of the
different utilities until now.

The main objective of this research study is to
develop a water utility performance index (WUPI)
to evaluate the performance of the urban water sup-
ply utilities in the Republic of Macedonia. The use
of composite indicators should enable the
evaluation of performance in an integrated manner.
Empirical application focused on the performances
of water supply utilities in the years 2013 — 2016.
The results of this study are intended to serve as a
support tool for the managers and decision makers
of water supply utilities to implement the most
appropriate actions for improving performance and
provide ideas to national regulator in designing a
national benchmarking platform.

The paper is structured as follows. The next
Section 2 briefly presents the sector context. The
methodology for construction (weighting, normali-
zation and aggregation) of four composite WUPI in-
dicators is presented in Section 3. Section 4 cal-
culates and discusses WUPIs results including sta-
tistical analysis. The concluding remarks are pre-
sented in Section 5.

2. CONTEXT

Provision of water supply and sanitation ser-
vices in Macedonia is the sole responsibility of mu-
nicipalities. To fulfil its legal obligation and provide
those services to citizens and businesses, municipal-
ities establish a public (usually) multi-utility com-
pany. The term public means both — that the owner-
ship is public (the only “shareholder” is the local
government) and the services provided are consid-
ered to be of public interest. According to the Euro-
pean Commission (2004) [10], the delivery of such
service of public interest must fulfil the principles

Mech. Eng. Sci. J., 36 (1), 5-18 (2018)



Using water utility performance index (WUPI) for measuring company’s performance 7

of: universality, continuity, quality, affordability, as
well as user and consumer protection.

Established and owned by municipalities,
however, the public utilities operate as separate le-
gal entities. The employees are not civil servants
and utility’s financial operation is not part of the
municipal budget. Water utilities are managed by
Directors General, appointed by the Mayor, while
governing structure (Management and Supervisory
Boards) are appointed by municipal Council. The
appointed members, according to the existing legis-
lation “must be experts in the area”, however, in the
reality, the political affiliation of the appointed
board members is probably the decisive criteria.
Thus, the top management and governing structures
of public communal companies somehow “owe”
their position to political parties. The ongoing de-
centralization process has transferred many of the
responsibilities for the delivery of public services to
local levels, but it was not followed by adequate fi-
nancial transfers to perform and upgrade service de-
livery. This put even stronger pressure for more ef-
ficient financial and operational performance of wa-
ter utilities.

Macedonia has traditionally had a high level of
water supply service coverage, and just a slightly
lower level of sanitation services in rural areas.
Nowadays, water and sanitation services in Mace-
donia are provided through 68 public municipal util-
ities (ADKOM 2014) [1]. According to the World

Bank (2015) [28], over 98% of the urban population
and about 80% of the rural population is connected
to piped water supply systems. Similar figures apply
for access to sanitation services. However, access to
waste water treatment is much lower, at 13% of the
population and 21% of the total waste water pro-
duced. With an average population served of
23,241, the market is more atomized than the aver-
age in the region, and is dominated by the Skopje
Water Company, which serves about 30% of the
population. Seven water-only utility companies,
serve an additional 17% of the population, and 45%
are served by 60 smaller municipal multi-utility
companies (including solid waste management,
greenery, public cleanness, etc.). The rest of the
population has access to self-provision (12.5%).
There is only one private operator serving less than
10,000 inhabitants (World Bank, 2015) [28].

There is currently no reliable, country-wide,
publicly available source of information on water
services performance in Macedonia. The Associa-
tion of Communal Service Providers (ADKOM) re-
cently launched a project supported by the Danube
Water Program to establish an internal system for
performance data collection from its members,
which, among others, is to be used for bench-
marking [29]. Twelve (12) utilities participating in
the program are selected for this study as presented
in Table 1.

Table 1

Communal companies participating in the survey
Municipality Population Region GDP/capita in EUR  Gini (2013/2014) Region
Bitola 92,550 3,703 Pelagonija
Veles 54,758 3,713 Vardar
Vinica 19,456 3,362 East
Gostivar 83,361 1,719 Polog
Kavadarci 38,946 3,713 Vardar
Kicevo 57,170 2,638 South-west

37.0/35.2

Kocani 37,903 3,362 East
Kriva Palanka 20,180 2,367 North-east
Negotino 19,384 3,713 Vardar
Ohrid 52,262 2,638 South-west
Gevgelija 24312 4,199 South-east
City of Skopje 668,515 5,228 Skopje
Total 1,168,797

Maw. unoc. nayu. ciiuc., 36 (1). 5-18 (2018)



8 Gj. Hristov, G. Vrtanoski

The selection criteria aimed to secure repre-
sentation of the majority of country population
(57% of total population in the country are served
by these 12 utilities), then balanced regional repre-
sentation (utilities from all eight statistical regions
are represented), and to utilities that participate to
IBNET (The International Benchmarking Network for
Water and Sanitation Utilities is the world largest
database for water and sanitation utilities performance
data that supports and promotes good benchmarking
practice among water and sanitation services) bench-
marking platform, which secures that at least basic
data validation has been performed [30].

3. METHODOLOGY

The water utility performance index (WUPI)
used to assess the performance of the Macedonian
water utilities was developed following the OECD-
JRC (2008) [20] recommendations for building
composite indicators in 10 steps: (i) development of

Table 2

a theoretical framework; (ii) selection of the basic
indicators; (iii) imputation of missing data; (iv) mul-
tivariate analysis; (v) normalization; (vi) weighting
and aggregation; (vii) robustness and sensitivity;
(viii) back to the details (indicators); (ix) association
with other variables; and (x) dissemination. Despite
the fact that composite indicators are widely used,
some authors criticise their relevance. Saisana and
Tarantola (2002) [24] have summarized the pros
and cons of the composite indicators as presented in
Table 2.

According to WB’s State of the Sector Report
(2015) [28], WUPI is a best practice indicator due
to its construction. For given cost/expenditures,
higher values of WUPIs represent better perfor-
mance. The indicator is therefore similar to APGAR
(water utility status index) indicator by IBNET (Van
der Berg and Danilenko, 2011) [26], which assesses
a utility’s health based on five indicators (or six, if
the utility also provides sewerage services) and pro-
vides insight into the utility’s operational, financial,
and social performance.

Pros and cons of composite indicators

PROS

CONS

Can be used to summarize complex or multi-dimensional
issues, in view of supporting decision-makers.

Provide the ‘big picture’. They can be easier to interpret than
trying to find a trend in many separate indicators.

Can help attract public interest by providing a summary
figure with which to compare the performance across
countries and their progress over time.

Could help to reduce the size of a list of indicators or to
include more information within the existing size limit.

May send misleading, non-robust policy messages if they are
poorly constructed or misinterpreted.

The simple ‘big picture’ results which composite indicators
show may invite politicians to draw simplistic policy
conclusions.

The construction of composite indicators involves stages
where judgement has to be made: the selection of sub-in-
dicators, choice of model, weighting indicators and treatment
of missing values, etc.

The selection of indicators and weights could be the subject
of political challenge.

Adapted from Saisana and Tarantola (2002) [24]

Another composite indicator that is used by
IBNET is a Water Utility Vulnerability Index
(WUVI), which is an aggregation of individual vari-
ables to provide an easily understood and commu-
nicable prediction of a water utility’s future. The
WUVI actually estimates the probability that a
water utility will experience a performance problem
as measured by its APGAR score in the future.
Using the WUVI as an early warning device pro-
vides managers and policy makers an indication that
further diagnostics are needed to determine the
issues faced by a particular utility so that remedies
can be put in place. It is worth noting that all these
indicators (WUPI, WUVI and APGAR) ignore the

inputs necessary to achieve the performance, thus
they are only indices what critical aspects need fur-
ther and deeper analysis. Therefore, these compo-
site indicators only diagnose the performance, but
do not provide tools zow to address the weaknesses.

One issue when constructing WUPI is how to
deal with missing data. Missing data would typi-
cally make calculation of a WUPI score impossible
if one or several sub-indicators are missing. Any-
how, a study conducted by Danube Water Program-
me (2015) [9] showed that correlation between
WUPI based on the full set and WUPI where one,
two or three indicators are missing, is very high
(above 0.90). Even in the case where 3 WUPI sub-

Mech. Eng. Sci. J., 36 (1), 5-18 (2018)



Using water utility performance index (WUPI) for measuring company’s performance 9

indicators were missing, only one out of 35 correla-
tions showed correlation of 0.88, 1.e. below the 0.90
threshold. These findings give confident that calcu-
lating WUPI based on only a subset of the indicators
does not introduce significant bias. However, in this
study all needed sub-indicators were available and
there was no need to consider the effect of missing
sub-indicators.

The WUPI used in this study utilizes the ap-
proach as used by Gallego-Ayala et al. (2014) [13]
for calculating WUPI of water utilities in Mozam-
bique. This approach fits better to the purpose of this
study as it considers quality of services as a separate
component into the composite WUPI index, while
APGAR, as mentioned above, focuses on opera-
tional, financial, and social performance. Gallego-
Ayala et al. (2014) [13] followed the theoretical
frameworks developed by Alegre et al. (2006) [3],
and Van der Berg and Danilenko (2011) [26] to ob-
tain a coherent structure of the WUPI that reflects
the main dimensions linked to the performance of
water supply utilities. They used an expert group to
debate and harmonize each of the main aspects in-
volved in the construction of the WUPI. Both ap-
proaches are based on the water utility functions that
should be implemented and provide a set of perfor-
mance indicators. Alegre et al. (2006) [3] divided

the functions of water utilities into 6 different cate-
gories, while Van der Berg and Danilenko (2011)
[26] used 12 categories. Both suggested that selec-
tion of categories and indicators to measure perfor-
mance should be based on their relevance to the par-
ticular water utilities’ context. Therefore, it is not
compulsory to implement the full spectrum of cate-
gories and indicators and these should be adapted to
the local context. As utilities develop, some indica-
tors become less relevant, others more relevant. For
example, in many developed countries, service cov-
erage is almost universal and, as such, the indicator
on service coverage will likely be less important as
a measure of performance.

The indicators used in this study are separated
into 3 main components to assess performance, the
same as used by Gallego-Ayala et al. (2014) [13]:
(i) economic sustainability, (ii) operational sustai-
nability, and (iii) quality of the services. In order to
better fit the local context in Macedonia, one more
indicator “collection period” was added to “eco-
nomic sustainability” component; then, indicators
for “network performance” sub-component were
included into the “quality of the services” com-
ponent instead of “consumer attendance”. Thus, 12
key performance indicators were selected (Table 3).

Table 3
12 key performance indicators used for WUPI construction [13]
Component Sub-component Performance indicator (measure unit) Indicator polarity
. Collection ratio (%) +
fj;gﬁl‘;‘éfh y Collection period (days) -
Operating cost coverage (ratio) +
Operational Number of employees per 100 water connection (#/'000 connections) -
sustainability Non-revenue water (%) -
Total water coverage (%) +
Service to the Total sewerage coverage (%) +
) consumers Percentage of sold water that is metered (%) +
Quaht}f Continuity of water service (hour/day) +
of service
Water quality Percentage of conformed samples analyzed (%) +
Network per- Sewer system blockages (blockages/km/year) -
formance Pipe breaks (breaks/km/year) -

+ more is better, — less is better

a) Indicator normalization

Indicator normalization transforms the set of
base indicators expressed in different units of meas-
urement into a homogeneous set of variables ex-
pressed in the same unit, which can then be used for
comparisons and arithmetic operations. For this
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study, the max—min technique is used, as this is one
of the most common normalization procedures used
for the construction of composite indicators. It uses
the minimum and maximum values of a given
sample (in our case, the selected base indicators for
the 12 water supply utilities considered) to rescale
the base indicators; the base indicators are then
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measured on a scale that ranges from 0 (the worst
possible performance) to 1 (the best possible perfor-
mance). The minimum and maximum threshold val-
ues for each base indicator were determined from
actual indicators’ values.

The mathematical calculation of the max—min
technique is done depending on whether the indica-
tor has a positive (more is better, formula (1)) or
negative (less is better, formula (2)) polarity, as pre-
sented in Table 3.

X —min(xy,)

= - “more is better” (1)
max(x; ) —min(xy )

max(xy ) — Xy

= - “less is better”  (2)
max(x; ) —min(xy,)

where:

I refers to the normalized value of the indica-
tor k,

Xy is the value of indicator & without being
normalized,

max(x;) is the maximum value of £ without
being normalized,

min(xx) is the minimum value of & before the
normalization

b) Indicator weighting

The indicator weighting step aims to identify
the relative importance of the base indicators se-
lected to build the WUPL Positive approaches use
statistical techniques to identify the weights of the

base indicators, using the information provided by
the performance indicators sample. Normative ap-
proaches use participatory methods that integrate
expert opinions to obtain the relative importance of
the base indicators. Given that the aim is to establish
specific weights relevant to the local context, the
normative approach was used in this study through
the opinions of technical experts of water utilities in
a session organized by ADKOM. As the weights ob-
tained may vary depending on the technique used to
identify the importance of each indicator, and can
thus affect the results and conclusions derived from
WUPI, two different weighting systems were ap-
plied. Firstly, the Analytic Hierarchy Process
(AHP) as a normative technique was used. The AHP
is a multi-criteria decision-making tool developed
by Saaty (1980) [23] to obtain the relative impor-
tance of the criteria under analysis (in our case, the
performance indicators) based on expert opinions
using a pair-wise comparison system. Secondly, an
equal weighting (EW) system, which according to
(OECD-JRC, 2008) [20] is the most common ap-
proach used to weight composite indicators. This
approach assumes that all of the base indicators
have equal weights, i.e. the same relative import-
ance. In the water sector, the EW approach has been
applied to construct composite indicators by
Sullivan (2002) [25] and Garriga and Perez-Foguet
(2010) [14], among others.

The weights used to construct the WUPI
through the AHP and EW approaches are given in
Table 4.

Table 4
Weights of the base key performance indicators [23]
Performance indicator (measure unit) Weights AHP (%)  Weights EW (%)
Collection ratio (%) 12.3 8.33
Collection period (days) 5.1 8.33
Operating cost coverage (ratio) 14.7 8.33
Number of employees per 100 water connection (#/'000 connections) 4.4 8.33
Non-revenue water (%) 20.1 8.33
Total water coverage (%) 32 8.33
Total sewerage coverage (%) 8.6 8.33
Percentage of sold water that is metered (%) 2.1 8.33
Continuity of water service (hour/day) 1.9 8.33
Percentage of conformed samples analyzed (%) 14.3 8.33
Sewer system blockages (blockages/km/year) 4.8 8.33
Pipe breaks (breaks/km/year) 8.5 8.33
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c) Aggregation of the indicators

The next and final step in calculating WUPI is
aggregation of all of the normalized indicators into
a single index. As for previous steps, there is a wide
variety of methods available. According to Marques
et al. (2011) [18], the selection of the functional
forms for aggregation is one of the most controver-
sial aspects of the construction of composite indica-
tors, because, depending on the algebraic alterna-
tive, different degrees of compensation among the
indicators is assumed. Thus, the results and conclu-
sions derived from the composite indicator could be
affected by the aggregation method selected during
the construction of the composite indicator (Gomez-
Limon and Riesgo, 2009) [15]. In spite of this limi-
tation, and with the aim of obtaining more con-
sistent results and conclusions, the indicators were
aggregated using two different aggregation forms to
allow various compensation degrees among the in-
dicators as presented below.

Alternative 1:
Weighted sum of indicators

The weighted sum of indicators is a representa-
tive functional form of additive mathematical for-
mulations, which assumes total compensation
among the indicators. This linear aggregation of the
indicators is calculated using formula (3).

k=12
WUPLygitiver = Zkzl WAy 3)

where:
i refers to the specific water utility,
wy 1s the relative importance of indicator £,
I1.; 1s the normalized value of the indicator &
for water utility i.

Alternative 2:
Hybrid aggregation of the indicators

The application of hybrid aggregation rules
implies the integration of different aggregation
forms for the construction of the composite indica-
tor. In this study the WUPI is constructed by inte-
grating additive and multiplicative functions at 2
different levels of aggregation. In the first step, an
additive aggregation function to aggregate the indi-
cators within the three components (economic sus-
tainability, operational sustainability, and quality of
the services) was constructed that compose the
structure of the WUPI. Thus three independent com-
posite indicators are obtained that measure the per-
formance of the water utility within each of the
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WUPI components using the mathematical expres-
sion (4).

k=3 k=3
WUPL,, =, Wi L)/, W)

k=5 k=5
WUPL, =X w L)Y w4

k=12

k=12
WUPL,, = Wi L), W)

For the second step, a multiplicative aggrega-
tion function is used to combine the three compo-
nents obtained in the previous step to obtain the sin-
gle WUPI through the formula (5).

=3
WUPL gy = [ [ (WUPL ) w,, (5)
where:
Jj refers to each of the components used to

construct the WUPI,
w; 1s the weight of component ;.

4. RESULTS AND DISCUSSIONS

The data needed to calculate the set of base in-
dicators that form the WUPI were obtained from IB-
Net database and ADKOM has provided infor-
mation on some missing indicators that were not
publicly available. Gallego-Ayala et al. (2014) [13]
suggested that, before analyzing the results obtained
for the WUPIs at the water supply utility level, it is
important to summarize the basic descriptive statis-
tics for the different composite indicators calculated
as presented in Table 5.

Comparison of the mean values obtained for
WUPISs reveal that the performance in 2014 are im-
proved comparing with 2103 with slight decrease in
2015 and improvement again in 2016. Because,
there are different factors affecting the final results
of the composite WUPI index obtained, i.e. the two
weighting technique (EW and AHP) and the two ag-
gregation procedure selected (additive and hybrid),
the WUPIs were calculated in four different ways.
Therefore, it is important to check whether, regard-
less of the techniques selected to build the WUPI,
the outputs obtained are not in conflict with each
other.

Pearson’s correlation (Tables 6 and 7) was
used to check the consistency of the WUPIs, and
two main conclusions revealed are that:

1. WUPIs indicated a positive and significant cor-
relation among all of the WUPIs calculated.
Therefore, from a statistical point of view, there
are no significant differences between the WUPIs
obtained using different heightening and aggre-
gation techniques.
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2. Correlation indices are much higher when com- of the WUPI is influenced more by the weighting
paring the WUPIs obtained using AHP weighting system used then by the selected functional form
system regardless the aggregation rules applied. of aggregation.

Therefore, the study affirms that the construction

Table 5
Descriptive statistics of WUPIs, 2013 — 2016 [31]
Composite indicator Min Max Mean St. deviation Variance Kurtosis
2013
WUPT aaditve EW 0.470 0.795 0.659 0.104 0.011 -0.387
WUPH hybria_£w 0.080 0.796 0.555 0.191 0.037 2.694
WUPI additive AHP 0.415 0.759 0.614 0.110 0.012 -0.784
WUPI hybridi,;HP 0.096 0.706 0.548 0.179 0.032 2.930
2014
WUPI aaditve £ 0.450 0.815 0.678 0.114 0.013 0.221
WUPH nyoria 0.377 0.771 0.602 0.127 0.016 -0.399
WUPI additive AHP 0.363 0.826 0.625 0.138 0.019 -0.115
WUPI hybrid_anp 0.320 0.820 0.579 0.156 0.024 -0.683
2015
WUPH aaditive EW 0.484 0.796 0.620 0.097 0.009 -0.957
WUPH tybrid £w 0.455 0.761 0.573 0.099 0.010 -0.776
WUPI additive AHP 0.421 0.730 0.580 0.101 0.010 -0.570
WUPH nybria Atp 0375 0721 0.551 0.114 0.013 -0.709
2016
WUPH additive EW 0.524 0.816 0.659 0.099 0.010 -1.113
WUPH hybria £w 0.481 0.787 0.619 0.102 0.010 -0.718
WUPH additive AHP 0.469 0.763 0.635 0.104 0.011 -0.727
WUPH hybrid AHP 0.412 0.756 0.611 0.119 0.014 -0.782
Table 6
Pearson correlation coefficients for WUPIs (2013 and 2014) [31]
WUPI additive EW WUPI hybrid EW WUPI additive AHP WUPI hybrid_AHP

WUPI aqditive_EW 0.788 0.903 0.734

WUPT hybrid Ew 0.931 0.780 0.955

WUPI additive_AHP 0.930 0.864 0.849

WUPI hybrid tp 0.877 0.890 0.961

White cells refer to 2013, grey to 2014

Table 7
Pearson correlation coefficients for WUPIs (2015 and 2016) [31]
WUPI additive EW WUPI hybrid EW WUPI additive AHP WUPI nhybrid_anp
WUPI aqgditive EW 0.897 0.857 0.820
WUPI hybrid_Ew 0.931 0.800 0.832
WUPI additive_Anp 0.826 0.815 0.985
WUPI nybrid_anp 0.812 0.831 0.994

White cells refer to 2015, grey to 2016
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As it can be seen from Table 8, at the begin-
ning of the analyzed period, the poorest perfor-
mances are non-revenue water, the operating costs
coverage, the number of employees and the fee col-
lection period. These actually represent the biggest
challenges of the sector in the Republic of Macedo-
nia. It can be noticed that two of the four worst per-
formances show a slight improvement trend (num-
ber of employees and non-revenue water), the col-
lection period shows a trend of more significant im-
provement, while operating costs coverage does not
have a linear trend and the results in 2016 are
weaker than those in 2013 which suggests that the
biggest challenge for the sector remains the cover-
age of operating costs. On the other hand, the conti-
nuity of services and water quality (product quality)
maintain constant high values. This means that these
two indicators constantly contribute to higher val-
ues of the WUPI index, and given that the values of
these indicators are constant and high in all the ana-
lyzed companies, one can conclude that these two
performance indicators are irrelevant in case contin-
uous improvement strategies are to be introduced.
Interesting are the results of the trend of the indica-
tors on water supply and sewage service coverage,
which at the first glance are surprisingly, as both
show a downward trend in the analyzed period. This
is due to the fact that in this period, communal
enterprises were legally obliged to undertake under
their jurisdiction the remote and isolated, mostly
rural, systems for water supply and sewage, which
previously were not under the competence of utility
companies. As this increases the territorial scope of
the competence of companies, and the coverage of

services is lower in the rural areas, results to lower
values of these indicators. However, this provides a
more realistic picture of the sector and suggests that
these two indicators should still be taken into acco-
unt under the quality component of the WUPI index
and when introducing strategies for continuous im-
provement.

The trends of the other three indicators that are
interesting for analysis are the percentage of sold
water being measured, the number of sewerage sys-
tem blockages and the water supply system defects
(pipe breaks). Namely, during the analyzed period,
two indicators (the percentage of sold water that was
measured and the number of sewage system block-
ages) show decreased performance. In the case of
the number of sewage system blockages, most likely
it points to the insufficient maintenance of the sew-
age systems, and in particular to the need to separate
the sewage systems for communal waste water and
the systems for collecting atmospheric waters. An
increased quantity of water delivered that has not
been measured can, in turn, be an indicator of an in-
creasing number of non-functional water meters. It
is therefore necessary to regularly calibrate the wa-
ter meters and replace the defective water meters
with a new and more modern ones, for example,
with remote reading capabilities. This indicator may
also be a clue of stealing water, that is, the illegal
connections or unregistered consumers in the sys-
tem. However, since this phenomenon is covered by
the non-return water indicator, which in turn shows
a trend of improvement, it can be concluded that the
correctness of the water meters remains the key fac-
tor for the reduced amount of water measured.

Table 8
Mean average values of KPIS for the period 2013 — 2016 [31]

2013 2014 2015 2016
Collection ratio (%) 0.775 0.749 0.787 0.788
Collection period (days) 0.474 0.561 0.614 0.692
Operating cost coverage (ratio) 0.396 0.462 0.209 0.338
Number of employees per 100 water connection (#/'000 connections) 0.445 0.482 0.497 0.515
Non-revenue water (%) 0.383 0.411 0.470 0.537
Total water coverage (%) 0.772 0.780 0.697 0.697
Total sewerage coverage (%) 0.737 0.724 0.585 0.579
Percentage of sold water that is metered (%) 0.659 0.798 0.555 0.505
Continuity of water service (hour/day) 0.917 0.917 0.917 0.917
Percentage of conformed samples analyzed (%) 0.856 0.824 0.832 0.846
Sewer system blockages (blockages/km/year) 0.802 0.781 0.665 0.692
Pipe breaks (breaks/km/year) 0.698 0.650 0.616 0.807
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The indicator for the number of defects in the
water supply system shows a non-permanent trend
—a decrease in 2013 and 2014, and an improvement
trend in 2015 and 2016. So, according to the ob-
tained results from the analysis, these four indi-
cators — non-revenue water, the percentage of water
sold that is measured, number of sewage system
blockages, and water supply pipe breaks — are all
relevant indicators of performance and should be
used in calculating the WUPI index.

Finally, the fee collection percentage shows a
relatively stable high value during the analyzed pe-
riod. However, in order to measure the economic vi-
ability of companies, this indicator alone is insuffi-
cient, since as mentioned above in the analysis, very
long collection period affects the financial solvency
of companies affecting company’s cash flows,
hence this key indicator should be considered in the
construction of the WUPI index.

The mean values of the WUPI indices of the
analyzed companies from 2013 to 2016 are given in
Table 9.

As can be seen from the Table 9, only two
companies — Skopje and Ohrid — show constant im-
provement trend in the analyzed period, Ohrid — a
trend of slight improvement, and Skopje — a trend of

Table 9

rapid improvement. All other companies show in-
consistency in the trend, which is characterized by
decreasing or increasing performances from year to
year. The case of Vinica is to be noticed, which
shows a trend of improvement in 2014 (and com-
pletes the year with the best performances from all
the companies analyzed), but in 2015 shows a trend
of a sharp decrease in performance which in the end
of 2016 results with the third weakest performance
after Gostivar and Kicevo.

According to the WUPIs’ results, it could be
said that the performance level of water utility com-
panies is heterogeneous. However, it should be
noted that the WUPI calculations are very con-
sistent. WUPI indices, on average and in the ana-
lyzed period, either all increase or decrease for each
company individually. This is another confirmation
that any option for normalization and aggregation
can give a satisfactory assessment of the perfor-
mance of companies.

Analyzed companies can generally be divided
into four groups:

e Communal companies with stable good perfo-
rmance. The companies from Bitola, Veles and
Gevgelija can be included in this group. The
average value of the WUPI index for this group
in 2016 is 0.73.

Mean values of WUPI indices of the analyzed companies from 2013 to 2016 [31]

2013 2014 2015 2016
Veles 0.706 0.790 0.694 0.673
Gostivar 0.459 0.383 0.447 0.476
Kavadarci 0.618 0.606 0.643 0.661
Bitola 0.727 0.701 0.747 0.781
Kicevo 0.306 0.540 0.457 0.482
Kocani 0.687 0.662 0.590 0.626
Kriva Palanka 0.674 0.674 0.562 0.618
Ohrid 0.551 0.548 0.580 0.630
Negotino 0.630 0.638 0.529 0.648
Skopje 0.396 0.424 0.627 0.737
Vinica 0.663 0.798 0.448 0.501
Gevgelija 0.712 0.689 0.649 0.739

WUPI +WUPI  +WUPI WUPL
Mean = aditive FW hybrid EW additive AHP hybrid_ AHP
4
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e Utility companies with stable medium perfor-
mance. In this group are the companies from
Kocani, Kriva Palanka, Kavadarci and Negotino.
The average value of the WUPI index for this
group in 2016 is 0.64.

e Utility companies with constantly poor perfor-
mance — Gostivar, Ki¢evo and Ohrid. The avera-
ge value of the WUPI index for this group in
2016 is 0.52.

e Utility companies with unbalanced performance.
These include Vinica and Skopje. Namely, as
can be seen from the tables, Skopje shows the
weakest performance in 2013 and the second
weakest result in 2014, but shows a trend of
constant improvement reaching the sixth
position in 2015 and the third in 2016. Unlike
Skopje, Vinica shows a lot of inconsistency, and
ranks the first in 2014, finishing the 10" in 2016.

The findings arising from the WUPI index cal-
culations mostly coincide with the WUVI index of
IBNET. For example, for 2016, the two best-ranked
companies with the highest values of WUPI (Bitola
and Gevgelija), at the same time have the smallest
WUVI indices as calculated by IBNET. Similarly,
the companies with the lowest performance (Kic¢evo
and Gostivar) have the highest values of WUVI,
which is why they are very likely to face serious
problems in the future and their sustainability is at
serious risk. Interestingly, in the third place, in both
the best and the lowest ranked companies, in 2016,
are the two utility companies with unbalanced per-
formance, Skopje in the top three best ranked, and
Vinica the third worst ranked (Table 10). Even more

interesting is the fact that contrary to the findings of
the WUPI index, the WUVI index shows high value
for Skopje (potential sustainability problems), and
low value for Vinica (potentially sustainable com-
pany). This is probably due to the historical results
of these two companies, i.e. Vinica as a company
with historically good performance, and Skopje as a
company with historically poor performance. This
indicates that the publicly available data does not al-
ways reflect the actual situation in the companies or
the publicly available data are not updated in a
timely manner.

Table 10
The three best and worst performers in 2016 [31]

Rank WUPI WUFI (%)
1 Bitola 0.781 22
2 Gevgelija 0.739 42
3 Skopje 0.737 69
10 Vinica 0.501 28
11 Kichevo 0.482 95
12 Gostivar 0.476 100

Similarly, it is important to analyze the perfor-
mance level of each of the three components of the
WUPI as calculated by using hybrid aggregation.
The results obtained for this analysis are shown in
Table 11 and Figure 1.
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Fig. 1. Mean values of WUPI components [31]
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Table 11
Values of WUPI components [31]
EW AHP
WUPIeco WUPIope WUPIqual WUPIeco WUPIope WUPIqual
2013 0.587 0.434 0.906 0.581 0.524 0.937
Veles 2014 0.605 0.694 0.909 0.607 0.890 0.930
2015 0.655 0.525 0.730 0.569 0.829 0.793
2016 0.691 0.402 0.735 0.616 0.617 0.818
2013 0.255 0.482 0.607 0.316 0.358 0.634
Gostivar 2014 0.250 0.420 0.544 0.232 0.180 0.563
2015 0.333 0.500 0.563 0.458 0.180 0.562
2016 0.333 0.474 0.635 0.458 0.170 0.653
2013 0.812 0.294 0.706 0.843 0.294 0.658
Kavadarci 2014 0.676 0.333 0.748 0.663 0.342 0.690
2015 0.588 0.379 0.819 0.537 0.456 0.841
2016 0.649 0.394 0.810 0.613 0.471 0.807
2013 0.787 0.809 0.795 0.707 0.687 0.608
Bitola 2014 0.651 0.888 0.806 0.529 0.816 0.602
2015 0.722 0.640 0.872 0.618 0.596 0.869
2016 0.747 0.684 0.884 0.654 0.690 0.885
2013 0.280 0.000 0.853 0.324 0.000 0.868
Kicevo 2014 0.643 0.226 0.766 0.618 0.081 0.787
2015 0.431 0.286 0.656 0.361 0.133 0.691
2016 0.460 0.316 0.666 0.367 0.185 0.706
2013 0.691 0.372 0.931 0.674 0.251 0.938
Kodani 2014 0.776 0.217 0.927 0.796 0.160 0.916
2015 0.525 0.320 0.808 0.473 0.283 0.870
2016 0.563 0.389 0.806 0.504 0.355 0.893
2013 0.683 0.760 0.664 0.619 0.641 0.702
Kriva Palanka 2014 0.686 0.782 0.650 0.659 0.715 0.635
2015 0.535 0.717 0.481 0.517 0.753 0.541
2016 0.615 0.860 0.486 0.580 0.950 0.543
2013 0.358 0.443 0.806 0.395 0.260 0.820
Ohrid 2014 0.376 0.441 0.809 0.404 0.264 0.768
2015 0.399 0.325 0.868 0.373 0.346 0.897
2016 0.477 0.393 0.871 0.427 0.428 0.918
2013 0.622 0.294 0.776 0.608 0.357 0.885
Negotino 2014 0.810 0.244 0.734 0.850 0.282 0.777
2015 0.597 0.180 0.628 0.629 0.296 0.688
2016 0.768 0.285 0.652 0.837 0.468 0.760
2013 0.200 0.227 0.655 0.247 0.187 0.667
Skopie 2014 0.221 0.268 0.679 0.255 0.232 0.691
2015 0.569 0.654 0.741 0.477 0.464 0.745
2016 0.692 0.735 0.853 0.611 0.565 0.838
2013 0.516 0.530 0.801 0.431 0.831 0.782
Vinica 2014 0.834 0.403 0.925 0.848 0.662 0.902
2015 0.483 0.558 0.463 0.379 0.689 0.300
2016 0.572 0.597 0.482 0.480 0.731 0.344
2013 0.793 0.323 0.826 0.901 0.341 0.890
Geveelija 2014 0.562 0.443 0.884 0.595 0.465 0.918
2015 0.606 0.712 0.715 0.549 0.668 0.636
2016 0.703 0.783 0.763 0.655 0.769 0.762
Average 2013 6.58 4.97 9.33 6.65 4.73 9.39
Average 2014 7.09 5.36 9.38 7.05 5.09 9.18
Average 2015 6.44 5.80 8.34 5.94 5.69 8.43
Average 2016 7.27 6.31 8.64 6.80 6.40 8.93
WUPI 2013 6.94 WUPI 2014 7.19 WUPI 2015 6.77 WUPI 2016 7.39
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Figure 1 shows that the composite WUPI index
in the analyzed period increased from 0.578 to
0.616, representing a relative increase of about 6.5%
over a period of four years. Furthermore, all three
components exhibit equal tendencies regardless of
the method used to normalize the key baseline indi-
cators, but the results, although closely related, still
differ. This means that, in addition to the influence
of the selected method for determining the weight
values, the method of aggregation has also an im-
pact on the results of the WUPI index.

Component performance analysis shows that
operational sustainability (WUPIope) has the lowest
value over the whole period, but there is a continu-
ous improvement trend — from 0.4 in 2013 to over
0.5 in 2016. The other two components that reflect
the performance of economic sustainability and ser-
vice quality do not show a continuous trend, but it
is noted that the two components have common
growth or decline trends regardless of the chosen
method of normalization. For example, the two
components have a downward trend from 2014 to
2015, and an upward trend from 2015 to 2016. The
values of the quality component show the best per-
formance throughout the analyzed period, but on the
other hand, it is the only component that shows a
reduction of the performance in absolute terms, i.e.
a decrease 0f 9.33 in 2013 to 8.64 in 2016 (accord-
ing to the EW method) and from 9.39 in 2013 to
8.93 in 2016 (according to the AHP method), see
Table 11.

The findings of this research are in line with
the World Bank (2015) report and confirmed that
operational and economic efficiency requires urgent
and immediate interventions. The general conclu-
sion is that companies should focus on solving prob-
lems with non-revenue water, operating costs cov-
erage, overstaffing and the long fee collection peri-
ods. Otherwise, the medium and long-term sustain-
ability of utility companies and their ability to pro-
vide continuous and high-quality services is ques-
tioned.

5. CONCLUSIONS

The composite WUPI allowed to measure the
performance of water supply utilities in Macedonia
in a more integrated and comprehensive manner
than could be obtained through a comparison of sep-
arate single indicators. The study presents four dif-
ferent ways to construct a composite WUPI as a
measurement tool for assessing performance of wa-
ter utilities. The WUPI composite index should ob-
tain more consistent results and conclusions com-
pared with the results obtained using a single
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methodological method of different KPIs. The study
affirms that the construction of the WUPI is influ-
enced more by the weighting system used then by
the selected functional form of aggregation. Also,
the findings are in line with Gallego-Ayala et al.
(2014) [13] that “the most suitable way to construct
the WUPI for real-life applications seems to be by
using the AHP and hybrid form as weighting and
aggregation techniques”, due to the fact that AHP
allows for identification of importance of each KPI
in a local context, while the hybrid aggregation does
not allow for full compensation between different
components, as in case of additive technique.

Based on the result obtained using a composite
WUPIL, the conclusion is that the performance of
water utilities in Macedonia has evolved positively
from 2013 to 2016. The WUPI values among the 12
water supply utilities are heterogeneous, however,
the results suggest that the water supply utilities,
even those with high WUPI values, are not sustain-
able from operational point of view. Contrary, the
service quality measured from the internal metrics
of utilities shows higher level of performance than
economic and much higher than operational perfor-
mance. These findings are also in line with World
Bank (2015) [28] report which results showed that
both technical (operational) and financial (eco-
nomic) efficiency need urgent, immediate action,
mainly in the urgent reconstruction and rehabilita-
tion of water supply and sewer networks. Other-
wise, if the observed trend persists over time, this
finding raises some doubts regarding the medium —
to long-term self-sustainability of water supply util-
ities and their availability to continue delivering re-
liable and good-quality services and to maintain op-
erational water systems. Clearly, in order to im-
prove overall performance and to sustain the service
quality in the future, focus is to be given on non-
revenue water, overstaffing, operational cost cover-
age and fee collection period.

Findings of the study could be useful for water
supply utility managers and decision-makers to opt
for improvement measures in order to improve effi-
ciency and service quality. National water regulator
could use the presented approach for designing a
composite WUPI and adapt it as needed for easy
monitoring of, and accountability for, the perfor-
mance of water supply utilities over time. Actually,
the regulator could establish certain WUPI levels
that should be achieved by each water supply utility
over time. Achievement of the pre-set performance
level, for example, could be further used as a criteria
for funds allocation from the central budget to in-
centivize performance improvement.
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There are also some limitations. First, not all
water utilities in the country were involved thus
generalizing findings for the whole country should
be cautiously taken. Second, as mentioned earlier,
the study does not consider inputs that contribute to
particular indicator, and finally, the externalities
that might influence the indicators in a particular
context (for example, the GDP of GINI in different
country’s regions) were also not considered. Thus,
further research in this direction might be useful to
provide for a clearer picture on performance of wa-
ter services in Republic of Macedonia.
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Abstract: Quality on the service is the basic characteristic for every product or service that is used.
It is characteristic that every organization use it as major advantage to be different from the competition
and give to the clients much more from the service they use and everything with goal to get more market
share. The development on the quality on the service gets its upper level with the communication brake
trough everywhere in the world so now every company can hear the needs from the customers. There is
also many more companies that give only service for every type of product or after sales service. In the
organization it is commitment that they will achieve the expectation for the customers and the market and
that commitment is changing from the past until now. When it comes word for quality of the service it is
very dependable on the human reason in every organization, their employees and clients. Motivated human
reason gives much more for the quality of the service than unmotivated employees, so if the company wants
to have team that will give quality on the service that will have upgrade all the time it must be with moti-
vated employees, basicly it means when someone will say proudly that he is from that company. The com-
pany goal for every organization is to do the quality of the service that the market ask for and to try to
upgrade its demands. That road can be very difficult but with help from the system and performance meas-
urement they can do that. The goal on this study is to show the worth of the company from system for
performance measurement for the employees and the business goals for the organization. In the study it is
shown the part for building a strong basic for delivering and creation of system for performance measure-
ment that will give constant quality on the service, with upgrade on the time with the performance meas-
urement system and direction for it. The quality of the service is something that can make the companies
different from the competition and that is the reason for the companies to give effort for much more all the
time for their products or service. With excellent system for performance measurement they can give all
that and give satisfaction for their customer with continuous upgrade.

Key words: quality; service; system; performance; management; organization; relationship; relation;
motivate

CO3JABAIE CUCTEM HA YITPABYBAIE CO HEPOOPMAHCHUTE U IIOJOBPYBAIGE
HA KBAJIUTETOT HA YCJIYI'NTE 3A 3AJOBOJICTBO HA KOPUCHUIIUTE

Amncrpaxt: KBamureror Ha ycnyrure € OCHOBHAa KapaKTEPUCTHKA HA CEKO] TIPOM3BOJ FIIH YCIIyTa
KOja ce KopucTd. Pa3BojoT Ha KBAIMTETOT HA YCIYTHTE TOOMBA BUCOKO HHBO CO Pa3BOjOT HA TII00AIN3AIH-
jata um mH(pOpMAIUCKaTa TEXHOJIOTHja TMPEKy KOja KOMIIAHHHMTE C¢ MOBEKe T'M Cllymaar OapamaTra Ha
KyIlyBaunuTe u ce (hokycupaHu Ha HUB. C¢é MOBEKe ce jaByBaaT M KOMITAHWW Ha KOW TJIaBHA JIEjHOCT €
ycayrara uid MOCTIPOAaXKHATA YCIyra 3a OJpeieHH MPpou3BoaAM min KoHuenTtH. Cekoja opranusanuja ce
00Bp3yBa JieKa Ke I' UCIIOJIHU CUTE O4eKyBamba Ha KymyBa4yuTe. TakBata 0OBpCKa CO TEKOT Ha BPEMETO O]
MHHATOTO T1a JI0 JieHec ce MeHyBa. Kora cranyBa 300p 3a KBaJIMTETOT HA yCJIyrata, T0a MHOT'Y 3aBHCH O]
caMHOT YOBeYkH (HaKTop, T.€ BpaOOTEHWUTE BO OpraHu3anujara. MOTHBHpaHH BpaOOTEHHW € MHOTY
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MOPA3JIMYHO OJ] CIIPOTHBHOTO. 3aT0a, JOKOJIKY OpPraHW3allMUTe cakaar Jja MMaaT KBaJIUTETHA yClIyra Koja
IIOCTOjaHo Ke ce HaJl0rpajyBa, MOpaaT 1a UMaaT BpaOOTEHH KOU CO 3aJI0BOJICTBO Ke KaXaT JeKa ce 1el Of
enHa opranm3anyja. Llenta Ha opraHu3aIUTe € JJa UMaaT CHCTEM KOj K€ OBO3MOXKH BpabOTEHHUTE Ja UM ja
nanaT GapaHara yciiyra Ha KIMEHTHTE M JypH Ja TH HaAMHHAT HUBHUTE OYEKyBarba 32 HEj3UH KBaJIUTET.
[TaToT 3a MOCTUTHYBame MOXE Ja Oule MHOTY TEKOK, HO CO IIOMOLI Ha CUCTEMCKH IPHCTAl Ha IieiaTa
OpraHu3anyja mpeKy MepemeTo Ha nep(opMaHCHTE Ha BPaOOTCHHUTE W HAa OPraHM3ALUCKHTE LEJIH TOAa
MOXe Ja ce mocturHe. Llenra Ha 0BOj Tpy[ € ja TH IOKaXke BPEIHOCTa Ha CHCTEMOT Ha ephOopMaHCHUTe Ha
OpraHu3alyjaTa W BIMjaHUETO Ha KBAJMTETOT Ha yciyrara. HaBeneHH ce cHTe KIIyYHH KPUTEPUYMH KOH
Mopa J1a OuaarT 3ana3eHu, HOYHYBajK1 0] OCHOBHUOT KBAIUTET Ha yCIIyrata JJ0 KpeupameTo J00pH OTHOCH
co kymyBauuTe. [Ipeky KpenpameTo Ha CHCTEM 3a Mepeme Ha NeppopMaHCUTE Ha OpraHH3alujara ce
J00vBa TJaBeH II0Ka3aTell 3a Toa Kaje OpraHM3allMuTe MMaar JIOIH repdopMaHCcH, a MOXKaT Ja Ouaat
nonoOpu U Kaze ce JoOpu, a MoxkaT Ja Oujar yumre nogoopu, ¢ co 1esl KOH IOCTOjaHo MoA00pYBambe.

Kuyunu 360poBu: KBAIUTET; YCIIyra; CUCTeM; IIep(hOpMaHCH; MEHAIIMEHT; OpraHu3anyja; OqHOC;

pernaimja; MOTHBAIHja

1. INTRODUCTION

Quality of the service that one company gives
to the clients is the basic for the customer relation-
ship trough the years that come. The subject is very
big and endless and it is in every segment of human
existing and is in every company. Every organiza-
tion is looking to offer to their clients and customer
a lot of improvements for the quality and the service
that they have and get for the products and service
depends from the business channel of the company.
With the rapid development of technology for tele-
communication upgrade the competition on the
market is bigger than the earlier years. What was ten
years ago market key reason for success, now is
very different and it depends on the service and after
sales of the product or service that customer and cli-
ents get. Quality and service are what today and in
the future will give the main differences between
companies.

The positive and very strong relation with cli-
ents and suppliers in the chain for distribution for all
kind of customers’ needs is one of the basic charac-
teristics for total quality management. Build the re-
lation that will be a friendship and partnership in the
future for the clients and suppliers and gives satis-
faction for clients in the chain of distribution. The
main goal is to give to the clients and their needs in
the modern world and so round environment. The
companies in the world must deserve and earn the
recommendation trough constant offer for limitless
service to the clients. The organizations that in sur-
round environment and technology acchive to go
with local trends will secure to give the clients and
customers product and service according their per-
ception for good service and much beyong that. The
managers that take and effective get human skills to
use them in the primary business function with main

goal to got and motivated employee with customers
that are repeating, have what is crucial for competi-
tive advantage in 21 centure [2]. Start for the busi-
ness relation for the organization and customer it is
with the customer relation with their employees and
customers. Trough the years the thing to be checked
for every business is service and after sales process.
Basic for every company for quality of the service
process are their employees.

Building the spirit of the organization is a le-
dears responsibility and should be included in all the
organizational departments and every employee.
The spirit of the company is also a picture about the
service that the company gives to their clients and
customers. But performance on the employees can
be better or stay at the same level or worse. For the
performance to be better the organizations must first
adjust the strategy and give tools for improvement.
It is very important for success to know the capacity
on the workers and to use their potential and moti-
vate them because they have the relations with com-
pany’s client. The basic on every organization for
products or service is good customer relationship
management.

This system it is two in one strategy and tool
for getting the job done on the perfect way. It is a
fully approach that gives and seek creation, main-
tains and expand clients with continous improve-
ment.

Performance management system for organi-
zation is the key for motivation of employees and
including them and their influence in the quality of
the service and customer satisfactions.

The system is backup and basic for taking con-
trol for the customer relationship system and system
for quality that organization provide for the custom-
ers. With proper use of the data from the system the
company management can get real picture about the

Mech. Eng. Sci. J., 36 (1), 19-30 (2018)



Creation of the system for performance management and improving of the quality services for customer satisfaction 21

process and how to complete the mission and vision
that top management gives and providing improve-
ment on the processes in the company or out from
it.

2. STATE-OF-THE-ART OF LITERATURE
REVIEW

In the paper are used literature data from au-
thors that give their opinion and review about qual-
ity service and quality management, management
for customer relationship and the human reason in
the quality with the impact that system for perfor-
mance management has on quality. There are differ-
ence between quality on the product and quality on
the service. Analysis based on the human decision
for value judgment and definition for different as-
pects for quality on the service and main attribute
for the customers [1]. In the text from authors [2, 3]
are analyse and different researches how the needs
for perception about what customers like in the
quality on the service. The values for customers are
the perceptions that they have from the companies.
There are three basic types on organization from the
type of benefits and power and structure with all
changes in the functionality on the companies [4, 5,
6,7, 8].

Very important for companies is customer re-
lationship management because it is basic for creat-
ing the customers, what kind of profile there are and
how different companies create their politics for
quality with their customers [9, 10, 11]. The con-
nection with the quality on the service with product
or service is very important and how it impacts on
the customers. The customer satisfaction is most
important for customers. The measurement on the
satisfaction has impact in the part for strategy on the
company. Measurement on the satisfaction for itself
has some steps that depend from companies’ prod-
uct or service. For all it is clear that to achieve good
and very good measurement for customer satisfac-
tion there are difficulty that companies must go be-
neath them [12, 13].

The human reason for start, the product and
service with the quality that companies give for the
customers create the management for relationship
for clients and customers. Basic for every company
and organization is to use and have system for per-
formance management and to use it for improve-
ment. The power and the size on the company it is
not important if there are employees that aren’t mo-
tivated or motivated but in the wrong direction ac-
cording with performance. The goal for the com-
pany is in relation with the system for performance
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measurement. It is the system that must be used
from every department in the company from top
management to bottom employees. That direction is
from the system for performance management and
motivation for all human resources in the company.
Very often, companies have system but it isn’t used
very much or the it’s used in the wrong direction.
System for performance management will give the
right direction and will save cost and efficiency will
be on improvement level [14, 15]. System for per-
formance management demands labor and commit-
ment, on the road for creation and use there is very
big difficulty from the human reason or from the up-
per level for power in the companies and what all
them must fight is their own ego and get thinking
that every business evolves and to learn how to read
markets demands and get direction to them. The
steps for creating the system for performance man-
agement also get to difficulty from the employees
how are resistance for changes and thinking that is
a tool that managers will use against them. That way
the management task is to explain to them that it is
very important for every company to achieve to in-
stall the system in the all levels of the organization
[15, 16, 17].

Systems for performance management must be
in steps and there is very important to give good re-
versible information from the employees that are in-
cluded in all process and just any other system, it is
very important to get good information in the start
to give good information at the end of the system. If
that isn’t correct the information on the end will be
bad or it will not satisfate the demands that should
be out from the system. The relation on the manag-
ers and employees must be very good for the imple-
mentation. Modeling the system for performance
must include all the employees in the companies.
From the model for motivation comes out that the
companies must have small number of employees
but well motivated than bigger number of emplo-
yees but not motivated at all. System should be fair
and justified for all the employees with no prejude-
ces or favorites of anyone in the companies [19, 20,
21]. In the text there are lot of analyses and literature
about creation on system for performance manage-
ment. There are steps that every system demands to
be part from it and there is explanation about every
step [22, 23]. Also there are a lot of analyses about
system for performance management with customer
satisfaction and quality service from the social me-
dia and internet [10, 26, 27, 28]. All that is explained
with practical creation on system for performance
management and how to use it for improvement on
the quality service management [30].
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3. CREATING PERFORMANCE
MANAGEMENT SYSTEM

Creating and modeling on performance manage-
ment system is the basic for every organization.

Deside what
to measure

Plan for
performance

Deside how
to measure

With the system for performance management the
organization can put all main indicators for busin-
ess, mission and vison. On Figure 1 is shown the
process with five ongoing steps that system de-
mands for implementation [23].

Start with the
use of the
system

Preperation for

measurement

Fig. 1. Proces for creation of the system for performance management [23]

Before starting the creation of the system all
employees must be part of the team for the first steps
for basic of the system. There are three steps in this
process [23]

3.1. Step 1: Plan for perfromance

In the first step target that have be achive [23]:

1. Form working groups for measurement
on the performance on the organization. For start,
with the process there must be working group that
has team responsible and key representative from
every deparment and sector.

2. Use and having personal file for meas-
urement performance. Use of that file will
build system on the old that company used to
use.

The answer on the asked question will give
start point for the system for performance manage-
ment for the other steps. Before going to the second
step there must be only a check for all parameters
and data for the first step and they are applied or
there should be getting back if there is demand for
that.

- Financial stability - Activity

- Team capacity
- Implementation
- Effectiveness

- Information from the system

- Quality
- Cost of the program

3.2. Step 2: Deside what to measure

The goal in step 2 is to chooce indicators for
the processes and companies’ goals with mission on
the organization. This step includes use of main list
for indicators. According to this there must be use
of the indicators which are main for the organiza-
tion. Also in this step some indicators are used like
a start point for some other indicators that will be
measured in the system.

o Understanding on the indicators. The analy-
sis and literature [23] for non-profit measure-
ment and evaluation gives a lot of way of think-
ing for indicators. To be more simple the system
must include three categories for indicators and
they are shown on the Figure 2 [23].

o Organizational basic indicators are those
which are basic capacity that companies have
for the mission, included the going forward with
financial stability trougth delivering the resour-
ces that provide the life for the companie in the
few years. All incomes and outflow are inclu-
ded in analysis and profit, from fonds, or some
ways. This indicator includes the human factor
and the working department and their capacity.

- Exit flows

- Cost for the information
- System influence
- Generate

Fig. 2. Three main categories for indicators [23]
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o Program performance indicators are indica-
tors of the organization's activities and outputs,
and the results and objectives of those activities.
Depending on the nature of the organizations,
program performance indicator can include in-
dividuals involved in their program, members
of associations, individuals through their own
efforts, or individuals who participate through a
communication campaign.

o Social and economically influential indica-
tors. These indicators make it possible to access
public production information, that is the prod-
ucts or services provided by the organization.
Social and economic indicators can also be
measured through the cost of achieving the ob-
jectives. The influence and participation of the
work can be measured through the organiza-
tional influence of other organizations in their
work addressed to the required social problem.
This type of influence is always difficult to an-
ticipate, and maybe data will be needed for new
qualitative systematic outputs and targets that
will arise.

3.3. Step 3: Deside how to measure

Objective: Determining the method of data
collection for each indicator, and selecting appropri-
ate methods for storing data. Determine when each
indicator is measured and who will be responsible
for the indicators being measured. Once the indica-
tors have been determined, a focus can be given to
monitoring them. In this step will identify the meas-
urement tools that will be used to collect data, it will
be selected how the data will be stored and pro-
cesses that will enable the organization to monitor
the data on a regular basis after the performance
measurement system has been established.

The organization collects much of the data re-
quired for the indicators. In this step, it will be pos-
sible to capture and use already existing methods of
measurement and that [23]:

1. Preparation of measurement tools. It is nec-
essary to have a direction towards the main list
that was made at the end of the previous step
and look at the column “Instant monitoring®.
For each indicator that has not been followed so
far, it will be necessary to determine how to do
it in the future. The tools and measurement pro-
cesses that are selected will depend on the spe-
cific needs and areas in which the organization
is located. Organizations focused on human ser-
vices, for example, often use search and input to
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collect data about user acceptance processes in
one or more programs.

2. Research. For any type of organization, re-
search is a particularly valuable measurement
tool that helps in determining the range of future
entrants. They are particularly useful for social
and economic impact indicators, which often
can be challenging to track.

3. Key to success in setting the indicators.
Sometimes a prospector will appear that is dif-
ficult to measure with some of the mentioned
tools. When this happens, this indicator is not
completely rejected. Instead, we need to find a
way for an accurate estimate of how to improve
in the future.

4. Deciding where to store data. While data-
tracking methods are chosen, it is also important
to store data in a centralized location that is eas-
ily accessible. Ideally, the processes for moni-
toring the indicators that have been created
should be indicated directly to the data storage
tools, so that they are entered as soon as they are
received. As a result, the data will be input in
real time, and they can be integrated into daily
activities and the organization itself.

3.4. Step 4: Preperation for measurement

In this step, it is necessary to prepare prepara-
tion for data usage, which reflects a number of ways
methods and tools for managing them. Good data
management always leads to the creation of good
reports that lead to good conditions. The first step is
to create a managerial table and some additional ta-
bles at the program level that should be used. It is
necessary to establish a team and schedule for revi-
sion of the managerial table and the additional tables
in order to finalize the measurement and the respon-
sibilities of the reports. This step is preparing the or-
ganization for using the collected data. It is neces-
sary to create a report tool, a managerial table and
possibly additional tables at the program level.
Also, members of the teams who oversee the perfor-
mance are regularly appointed with the establish-
ment of a schedule. By the end of this step, team
members assigned responsibilities for measurement
indicators in the previous step should have the in-
formation needed to finalize the process and further
allocate tasks if needed.

When the performance measurement system is
already set up and active, the tables will become the
primary tools for analyzing data and giving conclu-
sions. The goal of each table is to provide an image
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of the organization's progress on the road to success.
The table includes a marked selection of indicators
in the list of main indicators where for each indica-
tor it imposes immediate results in relation to [23]:

e Baseline, or initial measurement. In some indi-
cators, the baseline is defined immediately if
data from previous months or years are availa-
ble. If there are no data yet, it should wait until
the measurement system has been established
and active to collect data from the first measure-
ment.

o The result that is to be achieved in a defined pe-
riod. Goals should be based on the organization
itself. Where possible, they should be compati-
ble with existing standards in the area.

There are two main types of tables:

1. Manager chart. All performance measurement
systems should include such a managerial level
measurement tool that provides a view of a
greater perspective on the organization's perfor-
mance by selecting key indicators from the
main list. The management of the organization
should analyze the management chart regularly
to ensure success at the level of the entire organ-
ization and fulfill the challenges for achieving
the mission.

2. Table on program level. If the organization is
large enough to be able to include more pro-
grams from different departments, it is recom-
mended that you create an additional table at the

program level, which monitors the performance
of individual programs, initiatives, areas of op-
eration, or departments at a more detailed level.
It will only contain information relevant to man-
agers and other key team members working in a
particular area.

3.5. Step 5: Start with the use of the system

Putting the system for performance measure in
use is the launch of the performance measurement
system. It is necessary to upgrade the lines and goals
and to adjust the performance measurement system.
The previous steps lead to the development of the
system. The final step is to discuss how to launch
the system and how to make adjustments after the
first few cycles are made.

The framework for the performance measure-
ment system of the first part of the introduction
gives and allows to see the tasks that an organization
will perform on a daily basis, repeating the progress
through the cycles of the organizational perfor-
mance measurement system shown in Figure 3 [23]:

—  Measurement. Certain members will collect the
data for the indicators selected in step 2 through
the processes and measurement tools developed
in step 3.

— Report. Certain members will complete and
send lists to all program levels developed in step
4 depending on which team.

Mission and vision

Certain team members
implement the changes
identified through the
analysis process.

Improveme
nt

/

Teams from
management for data
analysis and
identifying
opportunities for
improvement.

AV

of success

)

Activities and
operations

Certain members
collect data.

Measurem
ent

Certain members complete
and send the lists of teams
for analysis.

Fig. 3. Cyclus for a measure on performance [23]

Mech. Eng. Sci. J., 36 (1), 19-30 (2018)



Creation of the system for performance management and improving of the quality services for customer satisfaction 25

— Learning. Following the data analysis, devel-
oped in step 4, management and program anal-
ysis teams are reviewing data.

— Improvement. Based on the data and conclusi-
ons from the reports, the analysis teams assign
implementation responsibilities to improve or-
ganizational strategy, activities, and operations.

3.5.1. Start the performance measurement system

The first cycle for the performance measure-
ment system is likely to have flaws that will be re-
moved and complemented in the next cycles. The
first cycle should be focused on what is happening
[23]:

— Start measuring the indicators to be sent using
the tools and processes that have been
developed in step 3. If it is necessary to imple-
ment a variety of different tools and softwares,
it is good to apply temporary data storage in
tables.

Personal
effectivnes

Organizational
experience and

knowledge

Communication

Development

Leadership

Participate

— View and report using the main management
list and program levels, in time according to the
team's learning schedule.

— Collecting initial performance and review to
begin with analysis and reporting, devoting
partial analysis of the process and how it works.

— Making decisions relating to activities and
operations based on the analysis.

— Improvement of the existing and development
of new measuring instruments for the indicators
and processes that are needed.

In the present, many organizations use compet-
ing models as the basis for their performance sys-
tem. The competitive model includes knowledge,
skill, abilities and other features that are required to
achieve and achieve positive organizational results.
The analysis of work techniques, such as surveil-
lance, interviewing, focus groups, is used to identify
key competences for critical work behavior. In Fig-
ure 4 [19] is given an example of an effective pro-
cess for identifying competencies by a human re-
source manager in organizations.

Team
work

Realizing
business

results

-]
=

B
Conceptual 3

and critical 5
thinking 0q

Technical
knowledge of HR

Fig. 4. Process for identifying competencies [19]

3.6. Creating a matrix for business indicators
for the particular model of the performance
measurement system

A matrix was created for the specific model

for the system for measuring organizational perfor-
mance [30]. The created matrix consists of
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business indicators as well as performance data for
employeees. For the particular model, a rela-
tionship is given on the performance of the matrix
and the impact and relation to the quality of the
service the company provides to its clients. The
matrix is created according to the previously given
5 steps.
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Step 1: Plan for performance measurement

This step analyzes the organizational system
and the way the company works. The current work-
ing structure and the system that uses it generates
data that are further used to create the matrix. Tak-
ing into account this, several parameters are gener-
ated whose characteristics are used, and that is:

— Commercials use PDAs to handle orders.

— Commercials send a predetermined plan with a
moving schedule.

— According to systematically registered orders,
transportation for delivery of products is orga-
nized.

— All agreements for cooperation are registered
systematically.

— Every movement of the devices on the ground is
systematically conducted.

All these parameters together with the data
from them help in creating the performance that is
part of the matrix.

Step 2: Deside what to measure

In this step, indicators are defined through
which the organization will evaluate and measure
performance. Because it is an organizational struc-
ture that is aimed at achieving profit then the basic
indicators that are the first set are the organizational
healthy indicators. They are for the given model:

— Come on.

— Costs.

— Gross earnings.

— Net earnings.

— Current market demands.

These are the basic indicators without which
the profitability of the company can not be achie-
ved, and thus the existence of the company will be
threatened.

The second type of indicators that are created
are the performance indicators. These indicators are
generated through the systematic data that the or-
ganization has in its previous work. They are the re-
lationship of data and information to a given crite-
rion. An example is that:

— Percentage of the effectiveness of visited missions
according to the established plan with a schedule
for movement. This is the ratio of a visit data
report and a sales or cooperation agreement.

— Percentage of effective sales. This is the relation
of the visited objects and the realization of the
sales plan.

— Percentage of sales through a good relationship
with customers. This relationship uses the market
analysis for customer satisfaction through a
survey and sales data for specific clients.

The second part of the program indicators has
a major share in the measurement of employee per-
formance, because all the required performance can
be monitored with the proper use of data.

The third type of indicators that are being cre-
ated are social and economic indicators. These indi-
cators are created according to the data from the or-
ganization's operating system and other predefined
market research and analyses for consumers. To cre-
ate a particular model by looking at a working or-
ganization that is in direct contact with customers
and consumers, the following data type is used:

- Average number of sold potions.

- Average number of sold potions through appli-
ances (coffee machines).

- Percentage of sold potions sold according to
predetermined sales averages.

Important for these indicators is that they are
in direct contact with customers or in the concrete
example with consumers. Also, all socioeconomic
influences in the environment affect the measure-
ment performance. These performances for a diffe-
rent environment and environment are variable.

Step 3: Deside how to measure

The measurement of organizational perfor-
mance for the specific example is done by analyzing
data using the Microsoft Excel tool in which the ma-
trix is created with all the performance and indica-
tors. In addition to filling parts of the matrix, all data
generated from the company's existing work system
has been used. Due to the analysis for which cus-
tomer satisfaction is required, the performance re-
lated to the quality of the service is additionally an-
alyzed. In order to have specific data on the assess-
ment of customer satisfaction, a questionnaire is
generated that generates the necessary information
[30].

Step 4: Preparation for measurement

The preparation for measurement starts with
the creation of the matrix and the implementation of
the questionnaire for measuring customer satisfaction.
The questionnaire according to the defined meas-
urement scale from the Likert method will assess the
quality of the service and the results will be ana-
lyzed through the performance of the employeees.

Mech. Eng. Sci. J., 36 (1), 19-30 (2018)



Creation of the system for performance management and improving of the quality services for customer satisfaction 27

Step 5: Start with the use of the system

The matrix is the basis for starting the system
with work. For the concrete example, together with
the matrix, the implementation of the questionnaire
for customer satisfaction is done for clients in
Skopje and throughout Macedonia. The results and
the sample of analyzed performance with suggesti-
ons for improving the quality of service are analy-
zed in the next chapter of this survey.

4. ANALYSIS OF THE RESULTS OF THE
DEVELOPED CONCRETE MODEL

To confirm the developed model, a matrix is
created [30] with business indicators that are listed
for measuring the organizational performance for
the HORECA sales division of a distributor from

Bad

Skopje, it is used to analyze the quality of the ser-
vice that the company provides to its clients.

The matrix provides basic business indicators
that maintain the financial stability and business of
the division, through the sale of products and ser-
vices provided to customers. Through the given
business indicators and performance indicators that
are listed and influenced, and linked to other com-
pany structures, a performance analysis that the
whole team has and can accomplish can be carried
out. In this situation, we analyze several aspects of
the performance and their results that affect the
quality of the service that the company offers to its
customers. An analysis of the performance related
to the quality of the service was also carried out a
survey questionnaire on the quality of the service
using the Likert method [24] with the measuring
scale given in Figure 5.

Good Excellent

Fig. 5. Measuring ladder for a questionnaire for customer satisfaction [30]

The results of the survey on the required per-
formance are related to the service and the quality
of the team that it offers and through the analysis it
can be seen what is the percentage of the overall
quality service quality [30].

Figure 6 presents the overall average score of
surveyed clients where a 21% average and very
good grade score is obtained and 55% for a good
assessment. What is positive is that the assessment
of bad and very bad assessment is only 3%, which
indicates that the quality of the rating for all clients
and questions is more than 50% satisfactory. How-

60%
50%
40%
30%
20%

10% m iﬁ l
bad

0% worst |

ever, the analysis would be more detailed if it con-
siders the participation on all issues individually,
thus showing the trend of satisfactory quality ser-
vice criteria. Figure 6 summarizes all the issues in-
dividually and their share in the assessment through
all the polls that have been conducted. The percent-
age rate estimate for all issues through the assess-
ment values is given in Figure 7. Out of the total
results, some of the issues with lesser results are se-
lected and using the business matrix is the reason
why the rating is poor.

55%

21% 21%

=

average

good excellent

Fig. 6. Results of the conducted survey questionnaire [30]
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60%
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44%
40%

32%

30%
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Legend: Measurement score by Likert

66%
62%

60%

54%

T4%
2% 10%
4%
8% 0% 0% 0%——8%
5 6 7 8 9 10

A number of questions from the questionnaire

average = pgood  mexcellent

Fig. 7. Results of the questionnaire on quality of service in percent for all questions [30]

Issues that are assessed with weaker grades are
analyzed through the developed matrix for analyz-
ing the performance of employees. In the matrix, the
indicators lead to several reasons for the weaker
results that, with a more detailed analysis, will pro-
vide more suggestions and solutions for improving
them. Through this systematic approach, there will
be a process for improving the overall assessment
and quality of the service.

If you want to analyze the speed of delivery,
that is, the time from the moment of ordering by the
clients until the moment of delivery, it is necessary
to analyze the question under number 6 of the ques-
tionnaire, which is:

— Whether the delivery is always timely, according
to the agreed delivery term?

— A detailed analysis of this question gives the
following results that are shown in Figure 8.

bad

gverage

good

Neelent

Fig. 8. Results of the 6th question from the questionnaire [30]
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The results show that the delivery is 12% be-
low the average, but that a large proportion, i.e.
44%, is average. What next needs to be checked in
the matrix is to ask for the ratio of the number of
orders delivered/the moment of delivery of orders,
where it is possible to accurately analyze the time
required for delivering the orders and the reasons
that affect it. Based on the analysis, there are many
potential reasons:

— Bad organization of logistics.

— Lack of sufficient time for delivery.

— An old rolling stock.

— Communication of sales with logistics.
— Systemic problems.

Through the measurement of the quality of the
service it can detect where the service failed, and
using the system for measuring organizational per-
formance reveals the essence of the problem in or-
der to reach a solution, whether it would mean reor-
ganization, additional engagement of the vehicle,
human factor and many others.

The system for measuring organizational per-
formance, if set up well and the actual business in-
dicators are measured, can always give direction for
improving the quality of the service and, therefore,
the business of the company. The speed in this case
refers to the time delivery efficiency which is one of
the basic characteristics of good and fast service.

5. CONCLUSION

The paper lists several aspects and examples of
what it means and what are the basic parameters for
the quality of the service. The satisfaction of cus-
tomer and customer requirements is the basis for
sustainable businesses more recently. Measurement
of organizational performance should be the basis
of the principle of the functioning of the organiza-
tion. The organization's management must make de-
cisions that are thorough and rely on argumentative
debates and factual results they receive from the
data, through the analyses they have to measure or-
ganizational performance. The overall performance
measurement process does not stop, but it is a cycle
that constantly lasts and changes. However, the
quality of the service must always be supported by
a good system for measuring organizational perfor-
mance. Through the systemic process approach that
is provided by the system for measuring organiza-
tional performance, it is easy to discover the reasons
for the lack of quality in the service as well as the
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directions for their improvement, which leads to
continuous improvement.

The analyses carried out and the results pre-
sented in this research provide the link between the
quality of service and the measurement of organiza-
tional performance for the concrete case study ana-
lyzed. In doing so, several issues were analyzed for
which a survey questionnaire was created, the quali-
ty of the service is measured. Determining the qua-
lity of service is by expressing the sum of all
aggregate results with a more detailed analysis of
the answers to all questions from the questionnaire.
Focus is given to those questions that have results
that are insufficient for the required average, i.e.
they are not rated above 50% (average grade) of the
total results, using the Likert method.

From the conducted analysis of the questions
from the questionnaire, some of the analyzed issues
are presented. A more detailed analysis of each
question means linking the issue with the business
indicators that are given in the matrix.

The influence of each indicator in its own way
shows and gives direction as to which performance
is being pushed and what is needed to improve it.
To this end, ie to achieve better quality of service,
improvement was achieved [30]:

e Delivery time — improving performance impro-
ves by more than 50% of the average time.

e Buyer relationships - by improving customer re-
lationship management performance, a 50% bet-
ter relationship has been achieved and this ratio
should go towards constant increase.

e The impact of the quality of the sales service —
the measurement of customer relationship per-
formance directly affects sales performance,
which, as the growing appraisal of this relation-
ship increases more than 50%, generates more
sales.

e Analysis of the performance measurement indi-
cators that affect the quality of the service —
shows a more detailed analysis of the indicators
that influence the organizational performance of
the service and how to change to the improve-
ment considered for each issue individually from
the questionnaire.

e Indicator connectivity and interaction with one
another — clearly shows the connection of one in-
dicator to another and the directions for improv-
ing performance.

Through the analysis done for the HoReCa
sales division, it comes to the conclusion that while
the overall quality service quality is well above the
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required minimum of 50%, it does not always apply
to all questions from the questionnaire. It is there-
fore necessary to always associate this analysis with
a system for measuring organizational performance,
which shows the correct score and reason for that
certain performance is failing. The system through
the analysis of the reasons always gives the direc-
tions for improving those performances, which lead
to improvement of the quality of service in the sales
division that the organization gives.
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A bstract: This paper proposes an algorithm for introduction of the quality costs determination system. The
algorithm development employs a descriptive method and applies to all phases of product life cycle in an environment
of limited knowledge and limited resources. The introduction of a quality costs determination system aims at achieving
systematic implementation of the methodological approach comprising the following consecutive phases: deciding to
introduce a quality costs determination system, preparation and development of the basic system introduction elements,
system testing, system operation and deciding to implement the quality costs determination system.This research
suggests the need for an organized raising of awareness of the quality cost concept and how such costs fit within the
organization strategic goal structure, while the senior management has the overall competences and responsibilities to
successfully introduce the quality cost determination system by taking informed decisions.

Key words: quality; costs; system; algorithm

AJI'OPUTAM 3A BOBEJYBAIE CUCTEM
3A ONPEJEJTYBAIBE HA TPOIIOLUTE 3A KBAJIUTET

AmncTpakT: BoTpyaoT e mpeioxKeH alropuTaM 3a BOBEIyBabe Ha CHCTEM 3a ONPE/ICIyBake Ha TPOIIOUTE
3a KBQJIMUTET. AJITOPUTAMOT € Pa3BUCH CO KOPUCTCHC Ha JCCKPHUNTHBEH METOI M CE OJHECYBa HA CHTE €Talu O]
HACTaHYBaWkETO Ha MPOM3BOJIOT BO YCIOBH Ha OIPAHUYCHO 3HACHE M OTPAHHUYCHH pecypcu. BoBeyBameTo Ha CHCTEM
3a OMpEENyBambe Ha TPOIIOIUTE 33 KBAJIUTET CBOjaTa 1€l ja OCTHIHYBA MPEKY BOBEIYBAHE HA CHCTEMATHYHOCT BO
HMMIUIEMEHTAIMjaTa Ha METO/IOJIONIKHOT MPUCTAIT KOj C& COCTOM O] CIIe[IHUBE TocienoBarennu (asu: da3a Ha qoHeCy-
Bambe OJIIIyKa 3a BOBE/yBarbe Ha CHCTEM 3a OIPEJIeNyBathe Ha TPOIIOMHUTE 3a KBAIUTET, (a3a Ha IIOArOTOBKA U pa3pa-
60TKa HAa OCHOBHHTE €JIIEMEHTH 3a BOBEIYBalbe HA CHCTEMOT, (pa3a Ha MPOOHO TeCTHpame Ha CHUCTEMOT, (a3a Ha
(GYHKIHOHHMpPAae Ha CHCTEMOT U (pa3a Ha HOCEHE OUTyKa 3a CIIPOBEIYBahe Ha CHCTEMOT 3a OIPEIeTyBake Ha TPOIIO-
rute 3a KBaauTeT. Of peaqn3upaHOTO MCTPAKYBAEE CE KOHCTATHpA JIeKa € MOTpeOHO OpraHu3upaHo Oyaeme Ha
CBECHOCTA 32 MOCTOCHE Ha KOHIIEIT 3a TPOIIOIXTE 33 KBAIMTET U HUBHATA MO3MIIHMja BO CTPYKTYpara Ha CTPATEIIKUTE
IIEJTH HA OpraHM3aljaTa, Jo/1eKa BHCOKOTO PAKOBOJICTBO ja HMa IIEIOCHATA KOMIIETEHIIH]a U OATOBOPHOCT 32 YCIICLIHO
BOBE/IYBaEhE Ha CHCTEMOT 3a OIpPE/IeTyBabe Ha TPOIIOLMTE 32 KBATUTET CO JOHECYBAKE OJUTYKH 3aCHOBAHU HA apry-
MEHTHPAHO JIOKa)KyBarbe.

KiryuHu 300poBH: TPOIIONH 32 KBAJUTET; CUCTEM: allOpUTaM

INTRODUCTION needs of the strategic decision-making systems. Top

management focuses on implementing advanced

The first half of the 20" century features an approaches, philosophies, paradigms [2], in order to
ever more scientifically based cost management [1], ensure continuous tracking of the cost structure in
as a result of the ever greater competitive advantage all of the stages of the process of product creation

requirements and the development and sustainability and utilization. This particularly applies to the
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structure of costs related to the quality activities, i.e.
the quality costs, as an important segment in the
overall cost structure in the organization. In spite of
the numerous dilemmas and arguments related to
the structuring and determination of the quality cost
elements in the quality cost definition models, nev-
ertheless costs of quality justifiably and undoubt-
edly do exist [3, 4]. The strategic goal of the organ-
ization involves decentralizing costs as much as
possible, separate them and review them by a few
comparable characteristics which accurately deter-
mine the value transferred by the use of the re-
sources in all stages of production. In an environ-
ment of unpredictable changes for acquiring a com-
petitive advantage, when management focuses on
introducing practices for continuous improvement
of the organization processes [4, 5], the introduction
of a system for determining quality costs creates the
prerequisites for identifying the areas of poor qual-
ity [2, 6], optimal utilization of the available re-
sources, increasing the level of quality and reducing
the quality costs with a view of increasing the or-
ganization’s profits. The algorithm for introduction
of the quality costs determination system incorpo-
rates an integral and inclusive approach to acquiring
deep knowledge of the area that elaborates the defi-
nitions of quality, the concept, the properties, the
definitions, the subdivision and the role of the costs
of quality, as well as the area related to the models
that define the quality costs measurement system
and structure and the current quality management
systems. The structure of the quality cost determi-
nation system introduction algorithm requires a
mastery and application of theoretical and practical
knowledge in all areas related to “quality”.

Therefore, this paper presents an quality cost
determination system introduction algorithm, cre-
ated on the basis of an advanced Object Oriented
Quality Management Model (OQM model), which
incorporates the concept of quality areas, presented
by the object of quality (activities, processes, sys-
tem, staff, infrastructure etc.) and their associated
characteristic (accuracy, relevance, timeliness, con-
sistency, competency, reliability etc.) [7].

METHODOLOGICAL APPROACH TO
INTRODUCTION OF THE QUALITY COST
DETERMINATION SYSTEM

This paper employs a descriptive and analyti-
cal methodological approach to introducing a qual-
ity cost determination system. This methodological
approach features a synergy between: the universal

quality improvement methodologies, the Deming
circle (PDCA, Plan-Do-Check-Act [6, 8]) and the
Trilogy of Juran [2]; quality management princi-
ples: the team work principle and the continuous im-
provement principle [5]; and the selected areas of
quality [7] (Figure 1), which contribute to the sys-
tematic development of algorithm for introduction
of the quality costs determination system.

According to the methodological approach, the
quality cost determination system introduction algo-
rithm entails five phases:

e the decision to introduce the system phase,

o the development and elaboration of the basic
elements for introducing the system phase,

e the system testing phase,
the system operation phase, and

e the decision to rollout the quality costs
determination system, phase.

Recognizing, understanding and interpreting
the areas of quality with a view of creating the qual-
ity cost determination system introduction algo-
rithm, entails a deep understanding of what should
be identified, described, analyzed and managed. In
this regard, the following need to be taken into ac-
count:

1) Understanding that shape and explain the
quality cost concept, such as:

e Quality costs aim at achieving quality [2].

e Quality costs relate to the production phase [9].
e Quality costs relate to the process [2].

e Quality costs relate to the entire life cycle of

the product [9].

2) Understandings taken into account in order
to provide for a proper approach to the elaboration
of the costs of quality, such as:

e The structuring of the quality costs reporting is
of particular importance [9].

e The quality cost structure is consistent with the
identified objectives [9, 10] (management by
objectives).

e The quality cost information and data should
be relevant, verified and validated [1, 9].

e Quality costs indicate successful management
performance [1].

o IT support flexibility provides the prerequisi-
tes for analysis and structuring the costs of
quality [9, 10].

e Quality cost management requires theoretical
and practical knowledge [1].

e Quality costs are reviewed by cost holders, i.e.
the entities responsible for incurring the cost

[1].
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Fig. 1. Structure of the selected areas of quality

ALGORITHM FOR INTRODUCTION OF THE
QUALITY COSTS DETERMINATION SYSTEM

The introduction of the quality cost determina-
tion system represents a complex, responsible and
continuous commitment, primarily of the top man-
agement [2, 3] dedicated to achieving the objectives
of effective and efficient performance [10], achie-
ved by systemic planning, execution, control and
improvement work performance [2]. This approach
requires full understanding and motivation of every
staff member [2], by demonstrating job specific
knowledge, skill and competences and readiness to
accept the introduction of the system. Every organ-
ization, depending on the level of development of
the existing information and accounting infrastruc-
ture, as well as the knowledge acquired by the hu-
man resources and the existence of methodological
resources, decides about the scope of the quality
costs considered by the system that determines
them. Figure 2 shows the quality cost determination
system introduction algorithm [11-13], which ap-
plies to product development stages, including the
following phases: PHASE I — decision to introduce
the quality costs determination system, PHASE II —
development and elaboration of the basic elements
for introducing the quality costs determination sys-
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tem, PHASE III — quality costs determination sys-
tem testing, PHASE IV — functional introduction of
the quality costs determination system at the organ-
izational level, and PHASE V — decision to imple-
mentation the quality costs determination system at
the organizational level. Every phase comprises
stages systematized in accordance with the imple-
mentation sequence. The top management monitors
the phases and the stages, based on the reporting
plan devised by the operations team.

PHASE I — refers to the decision to introduce
a quality cost determination system, made by the top
management [2, 14]. This decision is not intuitive,
nor is it a result of personal experiences, but rather
it is documented, transparent, clear and unequivocal
and it is made and promoted after conducting com-
prehensive research and analyses corroborating the
benefits of making such a decision.

The organization devotes special attention to
the timely and successful implementation of the de-
cision. The staff cannot get accustomed to poor and
failed attempts and practices, which casts doubt on
the propriety and viability of the decision made by
the top management. If the employees acquired such
practices and mindsets then it is very difficult to
change them over time.
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Fig. 2. Algorithm for introduction of the quality costs determination system

Stage 1 — comprises activities for defining the
basic requirements for the introduction of the qual-
ity costs determination system by top management.
This involves selecting a leader [15] and a working
team, responsible for implementing the planned ac-
tivities, with guidelines and recommendations for
the object of investigation, the expected results, the
form and the content of the analyzed and presented
investigation results, with a defined budget for the
working team and timelines for regular reporting
and completion of the work. Considering the heter-
ogeneity of the work, the working team comprises
experts from the field of quality management, infor-
mation technology, modern accounting systems,
scientific and practical achievements in the area of

quality costs, legal and regulatory norms on the na-
tional and international markets, production engi-
neering, human resource management, as well as
current and investment financial resources planning
[5].

Stage 2 — comprises quality planning activities
in the field of educating the leader and the working
team [15] acquire specific knowledge [8] for the en-
tire subject matter and terminology relevant to the
modern perception of “quality”, the existing de-
scriptive, standardized models of the quality costs
structure and elements, quality costs measurements,
practical knowledge related to the application of the
models in the relevant industries, knowledge related
to quality costs and quality standards, the expected
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results from the implementation of the quality costs
determination system and known practices and ex-
periences related to the surmounting of the difficul-
ties when determining the quality costs. The respon-
sibilities of the working team comprise the follow-
ing tasks [15]:

Task A — Prepare a report about the investiga-
tion regarding the viability of the decision to intro-
duce a quality cost determination system, with de-
veloped alternatives and recommendations for fol-
low-up activities.

Task B — Prepare a plan of activities, respon-
sibilities and deadlines for introducing the quality
costs determination system, as well as a training
plan for the staff and reporting to top management.

Task C — Control the quality cost determina-
tion system introduction process.

Task D — Prepare a final report from the intro-
duction of the quality cost determination system,
emphasizing the identified weaknesses, chronic
anomalies, with developed alternatives and recom-
mendations for future improvement of the intro-
duced system.

Stage 3 — comprises activities of the working
team related to: investigating the internal environ-
ment for the implementation of the quality costs de-
termination system; analyzing the current cost
structure, assessment of the usefulness of the ac-
counting and information system and the overall re-
sources (material, human and financial) required to
successfully implement the system [5]. In addition,
the working team also analyzes the external envi-
ronment, the benefits of the scientific and practical
achievements and experiences, the impact of the
quality standards and the legislation. For every ac-
tivity, the working team shall prepare an investiga-
tion report — task A.

Stage 4 — refers to the activities of the top man-
agement, which, based on the quality control of the
implementation process for stages 1, 2 and 3 of the
algorithm, as well as the investigation report — task
A, compares the planned against the actually imple-
mented activities.

Stage 5 — top management makes the decision
to introduce the quality cost determination system.

PHASE II — refers to the preparation and
elaboration of the basic elements required to grad-
ually introduce the quality costs system [14] in par-
ticular:

Stage 1 — comprises activities and planning of
training and education of the staff [15] regarding the
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quality costs determination system introduction pro-
cess [5]; its justification; the purpose for introducing
the system; the expected implementation results and
the significance of the application of the system to
the performance of the organization and the need for
the quality costs to become part of the quality creat-
ing culture within the organization [5]. During the
training, the employees acquire knowledge about
the following: preparation of a quality costs struc-
ture definition model; identifying the elements of
the quality costs structure; determining who in-
curred the quality costs and where; the methodology
for tracking and calculating the quality costs; devel-
opment of the procedures and instructions; as well
as testing of the process for introduction of the qual-
ity costs system.

Stage 2 — refers to the adoption of a model for
defining the structure of the quality costs [3, 4] and
identifying and tracking all of the quality costs
structure elements. This process employs different
approaches to model creation, such as PAF catego-
rization, the process model or the Informal semi-
structured approaches (departmental quality costing
method and problem-solving method) [5]. This in-
volves the preparation of quality costs lists [15], ac-
cording to the “need to know” criterion, rather than
the “nice to know” criterion [10], ranking and sort-
ing the quality costs according to predetermined cri-
teria using quality management tools.

Stage 3 — comprises activities related to the de-
cision for selection and definition of a quality cost
tracking system, within the automatic data pro-
cessing system based on an analysis of the current
situation and the capabilities within the organization
[5].

Stage 4 — comprises activities for: selection
and definition of a quality costs measurement and
calculation system [15]; analysis, ranking and sort-
ing of the quality costs; calculation of the quality
costs indicators, analysis of the conclusions and fol-
low-up activities.

Stage S — refers to activities for development
of procedures [15] for the quality costs determina-
tion system. The procedure defines the main goal of
the quality costs determination system, the applica-
bility scope, the responsibility, as well as the proce-
dure algorithm, identification method, record keep-
ing, quality costs measurement, calculation, rank-
ing, sorting, as well as reporting and reporting of the
quality cost indicators. In addition, the working in-
structions contain the operational steps of the re-
spective processes and activities in the organiza-
tional units.
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Stage 6 — comprises activities for redesigning
the information system in order to upgrade it and
adapt it to the needs of the system for determining
the new structure organization’s total costs, includ-
ing the new structure of the quality costs and its el-
ements.

Stage 7 — comprises activities of the top man-
agement for analysis of the developed basic ele-
ments [15] required for the introduction of a quality
costs determination system.

Stage 8 — refers to decision for testing the sys-
tem.

PHASE III - refers to testing [14, 15] of the
quality costs determination system within the or-
ganizational unit, by selecting activities which fea-
ture a lot of diverse inconsistencies, deficiencies and
errors. This phase ends with the preparation of a re-
port on the analysis of the system test [ 15]; drawing
relevant conclusions; identification and recording of
the deficiencies [6]; optimal resources (material and
human) assessment, assessment of the staff know-
ledge and awareness about the quality costs deter-
mination system; development of alternative soluti-
ons and recommendations for future improvement
of the quality costs determination system and deci-
sion to functionally introduce the quality costs de-
termination system.

PHASE 1V — refers to the functional gradual
introduction of the quality costs determination sys-
tem in the entire organization [14] in particular the
following:

Stage 1 — comprises activities whereby the
working team finalizes the quality cost determina-
tion system based on the initial system test and the
top management’s decision to functionally intro-
duce the quality costs determination system.

Stage 2 — comprises activities related to the
preparation and introduction of an adopted opera-
tional documentation for the quality costs determi-
nation system [15].

Stage 3 — refers to the activities whereby the
staff obtains information about the course and the
result of the quality costs determination system test
[15], the likelihood of success and development of
the organization of the system is understood, ac-
cepted and implemented through teamwork.

Stage 4 — comprises activities for rolling out
the quality costs determination system throughout
the entire organization. The employees implement
the quality costs determination activities in accord-
ance with the quality costs determination proce-
dures and instructions. The working team prepares

daily, weekly and monthly reports to inform the top
management [15] about course of the implementa-
tion of the quality costs determination system. After
the timeline envisioned for the operationalization of
the quality costs determination system, the working
team prepares a final system operations reports, em-
phasizing the identified weaknesses, chronic anom-
alies, with developed alternative solutions and rec-
ommendations for future system improvements.

Stage 5 — comprises activities of top manage-
ment related to the analysis of the report on the func-
tional introduction of the quality costs determina-
tion and

Stage 6 — decision to rollout the quality costs
determination system throughout the entire organi-
zation.

PHASE V — refers to the implementation of
the decision to rollout the quality costs determina-
tion system [14].

Stage 1 — includes activities whereby the top
management, transparently and clearly presents the
results and the achievements of the functional appli-
cation of the quality costs determination system [15]
to all the employees, in a form appropriate for the
working units and jobs, promotes and develops
management with knowledge, which entails acquir-
ing, sharing, developing and applying the know-
ledge about quality costs [8].

Stage 2 — comprises activities of the quality
department, related to the acceptance of the decision
and preparation of the quality costs determination
system for further implementation [15].

Stage 3 — implementation of the decision for
the quality costs determination system

CONCLUSION

The research work and the related analyses
suggest that the process of introduction of the qual-
ity costs determination system, presented by an al-
gorithm, provides clarity in the understanding and
systematizing of the interrelated complex processes,
application of the methodological approach ele-
ments when implementing each of the algorithm
phases, placement the top responsibility with the top
management, argument based decision-making, risk
management, with a view of continuous process im-
provements. In addition, the algorithm comprises
processes of continuous planning, identification, re-
cording, measuring, and analysis of the quality costs
within a specific time interval. Apart from the
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benefits of the quality costs determination system
introduction process we should also expect risks of
failure, usually related to limited knowledge and
understanding of the quality costs and the existing
communication practices between the different
organizational units.
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A bstract The paper presents an interpretation of the “vital few and trivial many” phenomenon and the
significance of the application of its integral elements (Pareto chart, Lorenz curve, 80/20 principle and ABC technique)
in the qualimetry methodology using deductive methods. The graphic presentation and the analysis of published quality
cost data will present the “vital few and trivial many” phenomenon as a function of the quality cost concept. The
presented methodology comprises sorting, cumulation and differentiation of the quality costs, aimed at determining the
significance of the quality costs (in accordance with a predetermined criterion) and contributing to a more effective and
efficient decision-making process, proactive problem-solving process and risk based thinking by management. The
suggested methodology facilitates priority setting, problem analysis, identification of areas for improvement and benefit
verification in order to improve the processes and the overall quality with a view of reducing the quality costs.

Key words: Pareto chart; Lorenz curve; 80/20 principle; ABC technique

IMPUMEHA HA ®EHOMEHOT ,,BUTAJTHO MAJIHIUHCTBO U YIIOTPEBJINBO MHO3UHCTBO*

BO ®YHKIIUJA HA KOHHEINTOT 3A TPOILNOUUTE 3A KBAJIUTET

AmncTpaxkT: BoTpynor ce nanenu nHTepnperanyjara Ha GEHOMEHOT ,,BUTATHO MANIHCTBO U YIIOTPEOINBO
MHO3HMHCTBO" M 3Ha4YCHETO Ha MPHMEHATa Ha HErOBUTE MHTEIPHpaHU eneMeHTH (aujarpam Ha Ilapero, JlopeHioBa
kpuBa, npuamn 80/20 n texauka ABC) Bo Merojonormjata Ha pellaBame HA KBAJIMMETPUCKHTE HPOOIEMH, CO
npHMeHa Ha IeAyKTuBHaTa Metoa. [Ipexy rpaduyka npe3eHTanuja u aHaTUTHIKa aHaI3a Ha Ty OJIMKYBaHH TOJaTOIH
3a TPOIIOIWTE 32 KBAIUTET CE MPETCTaByBa ()EHOMEHOT ,,BUTAITHO MAIIMHCTBO M YHOTPEOIMBO MHO3HHCTBO® BO
(byHKIHMja Ha KOHIIENTOT 3a TPOIIOLHUTE 33 KBaJIUTET. [I[pe3eHTrpaHa e MeTo0JIorHjaTa Ha OAPeayBambe, KyMyJianuja
u audepeHnupame Ha TPOIIOLUTE 3a KBAIUTET, YMja e € Aa ja yTBPAM 3Ha4ajHOCTa Ha TPOIIOLHTE 3a KBAJIUTET
(coryracHO MPETXOAHO YTBPAEH KPUTEPHYM) H Ja MPHUIOHECYBA 32 MOE(PEKTHBHO U MOS(pHUKACHO HOCEHE Ha OJUTYKH,
NPOAKTHBHOCT BO MPOLECOT Ha pellaBame Ha MPOOJEeMH W pa3MHCIyBambe 0a3upaHO Ha PU3MLH, OJ CTpaHa Ha
MeHaMeHTOT. [IpeiyoxkeHaTta METOIOTIOTHja OBO3MOXKYBa MOCTaBYBame HA IPHOPHUTETH, aHANIM3a HA IPOOIEMH,
uneHTuduKanyja Ha obactu 3a moxo0pyBame U BepuduKanuja Ha NPUIOOUBKU KOH Ce BO HACOKA Ha yHAIPEAyBarbe
Ha MPOLECUTE U CEBKYITHUOT KBAIUTET, a BO (DYHKIIHja HA IIPOIECOT Ha PEAYKIMja Ha TPOIIOIUTE 32 KBAIUTET.

Kayunu 36opoBu: nujarpam Ha [apero; Jlopenuosa kpusa; npunuun 80/20; rexanka ABC

1. INTRODUCTION

The knowledge, understanding of and
familiarity with the cause and effect relationships in

the decision making process and the effect
evaluation process, are of great importance
primarily for management and the company
management process [1]. This means that
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management should apply principles, methods and
tools to ensure the identification of the problem,
undertaking of the necessary measures,
implementation of changes, the elimination of
causes and the identification of the new situation
[1]. The existence of the phenomenon that within
the set of items contributing to common effects, the
relative minority is responsible for a larger percent
of the effects [2], i.e. the few are vital (important)
and the many are trivial [3, 4], had been noticed in
everyday life [2]. The Italian economist Vilfredo
Pareto (1848-1923) noted this phenomenon in 1897
[3] while researching the inadequate wealth
distribution, created a mathematical model to
quantify such inadequacies, as well as the
logarithmic law on income distribution [2, 5], also
known as “Pareto distribution” [5]. He concluded
that 80% of the Italian population holds 20% of the
income in Italy, while the remaining 20% of the
population hold 80% of the income [5-8]. It is worth
noting that from Pareto distribution resulted the
famous principle known as "Pareto Principle" [5],
“80-20 Rule” [4, 6, 8], “80/20 Principle”, “Pareto
Law”, “Principle of Least Effort” and “Principle of
Imbalance” [3], “Pareto 20:80” [7]. Vilfredo
Pareto’s principle did not have a universal character
and applied only in the field of economics [1, 2],
although he stated that “in a system, a relatively few
failure reasons are responsible for the
catastrophically many failures” [9], which created
the conditions for universality.

J. M. Juran, for the first time identified, in
writing, this phenomenon as universal and
applicable in dealing with the causes for the effects
in the biological and the physical world [1, 2, 4]. He
popularized this phenomenon and its application in
the area of quality improvement, for the first time in
his “Quality Control Handbook™” (1951), where he
called the universality of the unequal distribution
principle as it applies to wealth and quality loss, the
“Pareto Principle” [2, 5], or the “Rule of the Vital
few” [3]. Furthermore, J. M. Juran additionally
established this principle by also calling it “Vital
few and useful many” and presenting it in graphical
form [2]. The professor of Harvard University,
George K. Zipf also contributed to the further
elaboration of Vilfredo Pareto’s principle and the
recurrence of predictable imbalance. In 1949 he
discovered the “Principle of Least Effort”,
according to which a larger portion of the
distributed resources (products, people etc.)
corresponds to a small portion of the overall

activities, i.e. 20—30% of the resources correspond
to 80—70% of the activities using those resources
[3]. The famous quality guru, Edwards Deming also
continued the popularization of the 80/20 principle
and, more broadly, the “vital few and trivial many”
principle, from a quality manage- ment standpoint.
In his seminars in Tokyo, Deming contributed to the
understanding of the principle and its broad
application by Japanese companies [8]. The works
of J. M. Juran and Edwards Deming [8], contributed
to the fact that the 80/20 principle, as a significant
concept in the management thinking process and the
decision-making process [ 1], found its rightful place
in the center of the global quality revolution
between 1950 and 1990 [3].

In addition to the scientific and research
circles, the world of information technology also
recognized, understood and practically applied the
80/20 principle during the period from the 1960s to
the 1990s, particularly companies like IBM, Apple,
Lotus, and Microsoft [3].

2. METHODOLOGY FOR SOLVING
QUALIMETRY PROBLEMS BY APPLYING
THE “VITAL FEW AND TRIVIAL MANY”
PHENOMENON

The “Vital Few and Trivial Many”
phenomenon applies to the qualimetry problem
solving approach methodology by the consecutive
integration of the four elements: the Pareto chart,
the Lorenz curve, the 80/20 principle and the ABC
technique, as well as the functions that these
integrated elements perform: sorting, cumulation,
differentiation and significance (Figure 1).

The phenomenon applies to both quantitatively
and qualitatively expressed qualimetry problems
[10]. This methodological approach will facilitate
the determination of the significance of a specific
qualimetry ~ phenomenon  during  problem
identification, problem significance analysis, and,
after the undertaking appropriate correction actions
for results evaluation [11].

The Pareto chart got its name from Vilfredo
Pareto’s principle [10]. In 1976, the Japanese
professor Kaoru Ishikawa [12] identified it as one of
the seven traditional (statistical) tools for product
and process quality improvement [10]. The Pareto
chart represents a graphical problem-solving
methods [11], comprising graphical presentation of
the factors on a histogram [4], sorting the factors by
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their occurrences in a descending order [4, 10, 13],
and presentation of the relative and absolute
distribution of the occurrences [14]. The Pareto
chart contains the cumulative curve (Lorenz curve)
[10, 11, 14], used to present the cumulative values
of certain factors in the Pareto chart [10, 14].
Therefore, the Pareto chart can also be references as
a Pareto-Lorenz chart (method) [7].

Sorting
> Qualimetry problem >

Determined significance of
qualimetry problem

Significance

ABC TECHNIQUE

cumulative value of the frequency of the
factors [14].

* Area C — group factors with very low impact
[10], comprising the remaining 50% of the
factors which contribute for the remaining
10% of the cumulative value of the frequency
of the factors [14].

PARETO CHART

“VITAL FEW
AND
TRIVIAL MANY*

80/20 PRINCIPLE

Fig. 1. Methodology by applying the “Vital Few and Trivial Many” phenomenon

The Lorenz curve represents a cumulative line
for graphical presentation of cumulative sum of the
observed features applied to the horizontal axis of
the Pareto chart, developed by the researcher M.O.
Lorenz [2].

The 80/20 principle fonded on the universal
uneven factor distribution, facilitates the
differentiation of the few vital from the many less
vital (trivial) causes of a certain event, thus
determining priorities for the decision making
process [4, 8].

The ABC technique (method) represents a
method for analyzing economic phenomena,
developed on the basis of an understanding of the
80/20 principle [15]. This technique employs the
graphical representation of the Pareto chart and the
Lorenz curve and the field under the Pareto-Lorentz
diagram divides into three areas:

* Area A — group factors with the greatest
impact [10], comprising 20% of the factors
that contribute for 80% of the cumulative
value of the frequency of the factors [14].

* Area B — group factors with relevant impact
[10], containing another 30% of the factors,
which contribute for another 10% of the
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The ABC technique provides an easy and an
understandable way to fragmenting the big picture
into three areas of problems with different
significance, which suggests that we should solve
the most significant problems, and not the easiest
ones first, followed by the slightly less important
and eventually the least important problems [15].

The justification for the application of the
“Vital Few and Trivial Many” phenomenon lies
in the fact that not all problems that occur in the
product or during the process have are equally
important or significant [8]. The application of this
phenomena aims at focusing on solving the
problems whose resolution makes the way to deal
with the problems, most efficient [8]. Focusing on
the vital problems in group A (events with the
greatest occurrence or numeric value) represents the
best way to use the existing resources and get the
greatest return on the investment in quality
improvement [ 16].The methodology by applying of
this phenomenon is simple and easy, it can be
implemented independently or as a predecessor or a
follow-up of some other statistical methods (tools)
for quality improvement [10].
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3. APPLICATION OF THE “VITAL FEW
AND TRIVIAL MANY” PHENOMENON
AS A FUNCTION OF THE QUALITY COST
CONCEPT

The universal application of the “Vital Few
and Trivial Many” phenomenon facilitates its
application in the area of quality cost management
as a function of quality costs. This phenomenon
offers an opportunity to examine all of the
categories (elements) of quality costs, with a view
of identifying the quality costs most responsible for

the Dbiggest spending [17] in companies,
departments [13], and job positions, thereby
creating the prerequisites for  systematic

identification of the priority actions [18] aimed at
reducing the costs of quality.

The paper will illustrate the practical
application of the “Vital Few and Trivial Many”
phenomenon as a function of the costs of quality
using data from an example involving an
administrative sector problem [15], in an insurance
organization, which refers to the appearance of a
large number of documents with significant errors
(failures). The incidence of many errors in the
documentation implies that they have to be

costs, i.e. the costs in the category of internal error
costs of the organization.

The resolution of this problem, i.e. the
determination of priority actions to reduce the high
error

Tablel

incidence and thereby reduce the quality costs (the
costs involved in correcting a certain error), begins
with a table view of the 25 identified error types and
sorting these errors by the frequency of occurrence
in a descending order. Figure 2 represents an
appropriate graphic interpretation (Pareto chart)
where the types of errors (shown on the horizontal
axis) have been sorted by the error frequency.

Then, based on the calculated cumulative
percentage of error incidence (Table 1), which
serves as a basis for constructing the cumulative
curve (Lorenz curve), Figure 2 also shows the
cumulative error distribution.

Next we differentiate the errors using the 80/20
principle and determine three groups of error
significance (groups A, B and C) deriving from the
application of the ABC technique, also shown on

reviewed and corrected, which increases the quality gigure
Overview of the 25 error types
No Error Frequency of Cumulative sum of Cumulative Error
type occurrence the frequency frequency percentage percentage
1 G 10456 10456 30,22 4
2 U 7684 18140 52,43 8
3 J 5361 23501 67,92 12
4 4 3523 27024 78,11 16
5 R 1956 28980 83,76 20
6 L 1286 30266 87,48 24
7 P 702 30968 89,51 28
8 C 673 31641 91,45 32
9 X 501 32142 92,9 36
10 K 498 32640 94,34 40
11 A 398 33038 95,49 44
12 E 364 33402 96,54 48
13 F 297 33699 97,4 52
14 B 256 33955 98,14 56
15 \% 196 34151 98,71 60
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16 Q 97 34248 98,99 64
17 W 78 34326 99,21 68
18 N 50 34376 99,36 72
19 D 45 34421 99,49 76
20 T 42 34463 99,61 80
21 I 35 34498 99,71 84
22 Y 32 34530 99,8 88
23 S 27 34557 99,88 92
24 M 23 34580 99,95 96

25 H 19 34599 100 100

35000 100

/’ - )

o 30000 | e =3

% 25000 70 E,_

S 3

"_i 20000 80 S

é 50 ;'_'

% 15000 B C 40 g

10000 30 E

20 S

5000
10

GUJZRLPCXKAEFBVQAQWNDT I ¥SMH

Error type

Fig. 2. Application of the “Vital Few and Trivial Many” phenomenon in the error frequency analysis

The methodological approach continues with
the determination of the total cost for rectifying a
particular type of error (quality cost) and tracking
the errors by sorting them by the quality cost value
in a descending order (Table 2). Figure 3 represents
an appropriate graphic interpretation (Pareto chart)
where the types of errors (shown on the horizontal
axis) have been sorted by the quality cost value.

Table?2

Then, based on the calculated cumulative
percentage of quality cost value (Table 2), Figure 3
also shows the cumulative quality cost distribution.
Next we differentiate the errors using the 80/20
principle and determine three groups of error
significance (groups A, B and C) deriving from the
application of the ABC technique, also shown on
Figure 3.

Overview of the 25 error types

No. Error Total cost of Cumulative sum of the Cumulative percentage of Cumulative
type correction total cost of correction the total cost of correction percentage of
error

1 E 181272 181272 49,76 4
2 X 35070 216342 59,39 8
3 P 34398 250740 68,83 12
4 U 23052 273792 75,16 16
5 G 20912 294704 80,9 20
6 B 13568 308272 84,62 24
7 L 12860 321132 88,15 28
8 J 10722 331854 91,1 32
9 R 7824 339678 93,24 36
10 A 5174 344852 94,66 40
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11 F 3564 348416 95,64 44
12 Z 3523 351939 96,61 48
13 D 3015 354954 97,44 52
14 K 2988 357942 98,17 56
15 H 2128 360070 98,84 60
16 C 1346 361416 99,21 64
17 1 875 362291 99,45 68
18 \ 392 362683 99,56 72
19 S 324 363007 99,65 76
20 W 312 363319 99,73 80
21 Q 291 363610 99,81 84
22 T 252 363862 99,88 88
23 M 184 364046 99,93 92
24 N 150 364196 99,97 96
25 Y 96 364292 100 100
" 100
350000 | _
/'ﬂh o0 &
e
§ 300000 | § 80 g
Ei 70 ©5
@ 250000 { o =
3 o S8
S 200000 | s §
- 50 £.u.
8 g2
‘_; 150000 C 40 2 §
S =
¥ 100000 30 '_=°
£
2 3
50000
10
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Fig. 3. Application of the “Vital Few and Trivial Many” phenomenon in the cost of quality analysis

4. RESULT ANALYSIS

After we sort the errors and draw the
cumulative line, the application of the 80/20
principle on Figure 2 shows that 20% of the all the
errors belong to the five error types (G, U, J, Z, R)
whose cumulative frequency percentage amounts to
83.76% [19]. These errors belong to the area A,
most significant errors, i.e. errors that occur the
most. Area B comprises 30% of all the errors (L, P,
C, X, K, A, E, F), and they account for 13.64% of
the cumulative frequency percentage. Area C
contains the remaining 50% of the errors (B, V, Q,
W,N,D, T, L, Y, S, M, H) which account for 2.6%
of the cumulative frequency percentage.

The diagram on Figure 3 shows that five types
of errors (E, X, P, U, G) which represent 20% of all
the 25 error types, contribute for 80.9% of the total
cost of quality [19]. These errors count as
“important”, but not numerous errors, which need
special attention in order to significantly reduce the
total cost for their correction. Area B contains the

errors that contribute for 16.54% of the cumulative
percentage of the quality cost, and area C contains
the remaining errors that contribute for 2.56% of the
total costs of quality.

We should not ignore the errors from areas B
and C, but rather consider their influence on the
achievement of the overall effect and possibly the
priorities for correcting them, as not very
significant, but rather numerous.

5. CONCLUSION

The reduction of errors and the costs of
correcting the errors, also known as the costs of
quality, is a very important segment in assuring the
quality of the process, product and the overall
performance. The “Vital Few and Trivial Many”
phenomenon, as a technique for promoting quality,
strongly contributes to a more efficient decision-
making process, a more proactive problem-solving
process and risk based thinking by management,
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because, through statistical identification of the
important errors, it facilitates problem analysis,
identification of areas for improvement, priority
setting and implementation of corrective actions in
order to discover the main causes for such errors,
detect the roots of such causes and eliminate as
efficiently and  effectively as  possible,
implementation of preventive actions to preclude
recurrence, as well as identification of a new
situation by verifying the benefits. By evaluating the
error correction costs, managers can recognize the
operational and organizational shortfalls that
underlying the high quality costs and the unattained
economic benefit, and, in turn, they can make
informed short-term and long-term decisions.

The “Vital Few and Trivial Many”
phenomenon as a function of the quality costs, relies
on continuous improvement and innovation
principle, an effort which never ends.
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A bstract: The form of integration of Reverse Engineering (RE) and Additive Technologies (AT) now has
the line of the steps that are usable. Basing that Reverse Engineering (RE) technology enables us to create CAD models
of new or existing products by capturing surface data, while AT is a technology that uses a layered manufacturing
technique for finalizing a detail. The realization of the connection between RE and AT is made possible by some
credible software s that are specific to the respective destinations. In this paper will be presented two softwares for each
phase from 3D scanning to AT production preparation and try to make opportunity to preserve the original form of the
existing part, to reduction of the size of STL file and to make acceleration of realization in the solid detail, will be the
main points of this work.

Key words: reverse engineering (RE); additive technologies (AT); CAD; 3D scanning; STL

HUHTEI'PUPAHO PEBEP3HO MH)KEHEPCTBO U CUCTEMMU 3A AJIUTUBHA TEXHOJIOTHUJA

Ancrtpaxkt: Popmara Ha HHTErpamuja Ha peBep3HOTO HHXeHepcTBO (RE) n agutiBHUTE TexHONMOTHH (AT)
¥“Ma JIMHUja Ha YeKOpu HHU3 KOWIITO ce ymoTpeOyBa. PeBep3noro mmxenepctBo (RE) oBo3moxkyBa co3maBambe CAD
MOJIETI Ha HOBH WJIM TIOCTOjHH MPOU3BOIM CO 3adakame Ha MOBPIINHM, Noaeka AT KOPHCTH CIIOEBHUTA MPOM3BOAHA
TeXHUKa 3a (pUHaIM3Hpame Ha fetaiute. Peanmsanujara momery RE u AT e oBo3MOXeHa cO COPTBEPCKU MPOTpaMu
KoM ce crieu(MYHY 3a cOoABETHUTE 00macTu. Bo TpynoT ce npercraBeHu aABe coPTBEPCKH MPOrpaMu 3a cexoja dasa,
on 3D ckeHMpame 10 MOArOTBYBame Ha MozenoT AT 3a mpou3BOACTBO, HO U OOMA CO MOXKHOCT 3a 3auyByBame Ha
opurnHanHara (opMa Ha IOCTOJHHOT Jiel CO HaMallyBame Ha rojieMuHara Ha jnarorekara STL u 3a0p3yBame Ha
peanusaryja Ha JeTaauTe o] BOJIYyMEHCKHOT Mozien. Toa ce IIIaBHUTE TOYKH Ha OBOj TPYA.

Konyunu 360poBu: pesepsno nmkenepctso (RE); amurusan texuonorun (AT); CAD; 3D ckenupame; natoreka STL

1. INTRODUCTION price a need to implement integrated processes for
manufacturing, measurements and control fulfilling
these wishes without production time and price
pressure emerges. Competitiveness puts it even
further to mini-maze manufacturing prices and uses
fast, effective and non-destructive measurement and
control systems [1].

It is very useful to know how additive fabri-
cation systems such as 3D printers, rapid proto-
typing systems, and direct digital manufacturing
systems are changing future product development
and manufacturing [12, 13].

Dynamics of development regarding innova-
tive applications of manufacturing technologies is
within the last years growing rapidly. Respecting
still more and more sophisticated customer require-
ments as far as quality of purchased products and

To complete a cycle from start to finish, some
steps have to be taken. The steps followed by the
physical detail to the production technology are
shown in Figure 1. First, a model needs to be
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scanned to gain in the Virtual Model (VM). Once
the virtual model is obtained, it is possible to use the
VM format to improve the shape of the work piece,
since the surface appears on three angles that need
to be minimized ore to eliminate to create a solid
detail. In the end, the given model should be
converted to STL format for realism in one of the
AM technologies.

Fig. 1. Chart-flow of the experimental proceduee [2]

2. 3D SCANNERS

The measurement technique has now changed;
they are very accuracy and have speed processing
and already as a technology are developed so fast.
A 3D scanner acquires geometry data from an
existing physical object. This data is used to cons-
truct a virtual three-dimensional model of the scan-
ned object that can be used for various applications
[3]. There are already several fields where three-
dimensional scanning is an established method of
data acquisition. In mechanical engineering, 3D
scanners are often used for work piece inspection,
deformation analysis, additive manufacturing, re-
verse engineering, reengineering of molds and dies
and general quality control procedures.

There are many types of 3D scanners and 3D
scanning technologies. Some are ideal for short
range scanning while others are better suited for mid
or long range scanning. The 3D scanner and
technology needed to 3D scan a very small object is
very different from and to 3D scan a large parts.
Below we can see some different types of 3D
Scanners (Figures 2, 3, 4):

Fig. 2. Creaform HandySCAN handheld 3D laser scanner [4]

Fig. 3. Steinbichler comet structured light
blue LED 3D scanner [4]

Fig. 4. Arm based 3D scanner and probing system [4]

It is very important the format that is taken
from the 3D scanner where most of them possess the
respective software, but in this paper we will
analyze line between 3D CAD model and the STL
file.

3. STL FILE

The most common file types for traditional and
additive manufacturing respectively are STL and
STEP. Emerging formats include 3DMF and AMF.
The latter two are under development.

STL: Stereo Lithography or Standard Tessel-
lating Language initial 3D plastic printing format. It
is usually included as an export option using no
additional licensing and import to 3D-printing cod-
es is a standard procedure [5].

STEP: ISO 10303 standards is mathematic-
ally exact data format. Several application protocols
(AP) exist where AP203 and AP214 are most com-
mon for exchanging 3D geometry data. Depending
on software capabilities 3D annotations may be in-
cluded in STEP AP203/214 protocols. Later proto-
cols like AP242 will carry semantic and associative
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3D annotations. AP242 edition 2 also introduces
curved triangle patches similar to the Additive
Manufacturing Format (AMF) [5]. There are initia-
tives to handle lattice definitions; a possible cost
reduction and performance increasing design theme
made possible by AM.

AMF: ISO/ASTM 52915:201 is a new addi-
tive manufacturing file format under development.
It allows for curved triangle patches that can incre-
ase geometric accuracy by subtessellation [5]. It
also has data structures to allow different materials
and different densities in the same part.

3MF: A Microsoft and industry-driven initia-
tive. It has similar features to AMF but seemingly
no address of geometric accuracy by using curved
triangle patches like AMF [5]. Table 1 shows the
summary of the geometry formats above.

Table 1
3D data files formats [5]
STEP ISO 10303 STL AMF 3MF
Type Exact (203214) 2 £ 2
Exact & g k= g
. 2 X X
approximate S S S
AP242 Sy & &
A £ =
Units of measure Yes No Yes No
License based export Yes No No -

Curved surface
patches?

Yes, exact &
approximate (242) No Yes No

The STL file format has become the additive
manufacturing industry's standard data transmission
format for the moment. This format approximates
the surfaces of a solid model with triangles. For a
simple model such as the box shown in Figure 5, its
surfaces can be approximated with twelve triangles,
as shown in Figure 6. The more complex the
surface, the more triangles produced, as shown in
Figure 7.

Fig. 5. Box [6] Fig. 6. Surface [6] Fig. 7. Complex part [6]

Almost all of today's CAD systems are capable
of producing a STL file. There are two storage
formats available for STL files, which are ASCII
and BINARY. ASCII file is human-readable and
can be modified by a text editor if required. The
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ASCII format is used for debugging, or when one
has to transfer the file over a 7-bit channel. The
binary format uses the IEEE integer and floating
point numerical representation. Binary STL files are
organized as an 84-byte header followed by 50-byte
records each of which describes one triangle facet
[7]. The larger the STL file, the more triangles pla-
ced on the surface of the model. For simple geo-
metry (not a lot of curves), the file may only be a
couple hundred kilobytes and for complex models,
files sizes are in the range of megabytes.

The facets define the surface of a 3D object.
As such, each facet is part of the boundary between
the interior and the exterior of the object. The
orientation of the facets is specified redundantly in
two ways which should be consistent. First, the
direction of the normal is outward. Second, which is
most commonly used now-a-day, list the facet
vertexes in counter-clockwise order when looking
at the object from the outside (Figure 8) [7].

1 2

Fig. 8. Counter clockwise order of STL facets [7]

Each of the triangles must share two vertexes
with each of its adjacent triangles. In other words, a
vertex of one triangle cannot lie on the side of other
(Figures 9 and 0). Because of the vertex-to-vertex
rule, we know that a legal solid will have 3/2 edges
for each face. This gives us three consistency rules
against which to check [7]:

e Nr. of faces (FA) must be even.
e Nr. of edges (ED) must be a multiple of three.
o 2x(ED) must equal 3x(FA).
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Fig. 9. Adjacent triangles [7]

Problem vertex

Fig. 10. A violation of the vertex-to-vertex rule [7]

Test parts

For evaluation of the shape complexity two
various models were chosen. One is used in medical
field (small part) (Figure 11) and another in indus-
trial field (medium part) (Figure 12).

Fig. 11. Medical part (dental cap) [13]

Fig. 12. Industrial part (gear) [15]

For dental part is used medical scanner and for
the gear is used 3D Scanner (Artec S. Spider) [15].

Mesh components of tested parts are shown in
Table 2 and Figure 13:

Table 2

Mesh components

Points 250000
Gear Edges 750000
Faces 500000
Points 9755
Edges 29160
Faces 19399

Medical part

800000 -

700000 TN

600000 il
f %

500000
400000 / \

300000 ,/ \
200000 \
100000

Poi nts! Edges‘ Faces |Points Edges| Faces

Medical
part

Gear ‘

Fig. 13. Diagrame of mesh components (gear, medical part)

4. CAD SOFTWARE

CAD or computer-aided design is technology
for design and technical documentation, which re-
places manual drafting with an automated process.

Today CAD systems are covering most of the
activities in the design cycle, they are recording all
product data, and they are used as a platform for
collaboration between remotely placed design
teams [8]. The relationship created with the AM has
shown that improvements have been made as far as
possible to intervene in the scanned objects. Almost
all professional softwares now have their own extra
packages for using to intervention and making
reverse engineering in different forms in the model
and specifically in the design process for AM
technologies.

The possibility of direct conversion of scanned
detail (STL format) in the CAD model so far is not
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recommended but in some case it can use, so from
direct conversion there is a greater deviation than
allowed for industrial application, so the shape of
the model will remain the same but the size and
complexity of its representation will increase by
orders on magnitude. It preferred to use the reverse
engineering (RE) strategy:

— Using the faceted surface as a guide to
rebuild a new CAD model.

— Solid geometry can be created from section
planes of the model.

RE applied for creating CAD solid model from
STL model is shown in Figure 14.

Fig. 14. Creating CAD solid model [14]

In our case, we have used the ANSYS 18.2
SpaceClaim software to implement the CAD model
for gear and FreeCAD 0.16 software for implement
the CAD model for medical part.

In gear case we make reverse engineering in
actual model with implementation of reconstruct the
section plane line (Figure 15a) and create a surface
plane in tooth (Figure 15b) and in sections of gear
that are more complicated. Gear is an industrial part
and need to be precise so we select this method to
rebuild it.

Fig. 15b. Gear with surface plane
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Resurface with this method it’s quite slow and
depends of the experience of the user with software,
but in the end need to check the deviation between
the original parts and recreated part.

In medical part we use to create it by automa-
tically method to rebuild it from existing mesh
model (Figure 16a) to solid model (Figure 16b)
because of the complex shape and not to precise
part, so first the model converts to mesh form and
after that need to make solid from shell.

Fig. 16a. Mesh model [13]

Fig. 16b. Solid model

The tolerance for sewing shape is 0.1 mm. For
realizing this part need time to execute and the file
is large (MB).

5.3D PRINTING SIMULATION

3D printing simulations help to understand and
visualize the complex thermo-mechanical phe-
nomena taking place during manufacturing, result-
ing in the production of high-quality, and high-
accuracy parts.

Simulating the 3D printing process is very
valuable, because it helps to:

e Avoid print failures and parts rejected for
geometric issues, saving time and reducing
overall cost.

o Evaluate the risk of production and give poin-
ters to mitigate the probability of failure.

e Understand the physics of the manufacturing
process.

e Predict the microstructural characteristics of
the end part.

e Optimize production to improve manufactur-
ing speed, reduce post-processing operations
or improve accuracy by reducing the part and
support deformation [9].

Starting from the fact that many software are
in use for 3D printing, we have used Autodesk
Netfabb Standard 2017.3 for medical part and
Ultimaker Cura 3.2.1 for gear. Those softwares
allow import of STL files, preparation and modifi-
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cation details for production as well as automa-
tically necessary repairs.

The reason why in this paper are selected two
softwares above is that, as we see in Table 3 and
Figure 17, the medical part needs to make repair in
shell and holes also as we see in visually in Figure
18, and the gear is corrected from scanning so no
need to make any repair. In this case the Autodesk
Netfabb is used to simulate the medical part, but
before it need to repair shell and holes that are came
from 3D scanning. Ultimaker Cura is used to
simulate the gear, so no need reparation.

Table 3
Status of STL parts

Status of parts
Shells 21
Border fdges
Inv. orientation
Holes 76
Shells
Border edges

Medical part

Gear

Inv. orientation
Holes

S o o =

80 17

rin JE i
60

50 1

30 +7
20 17

,_.
o
k.
Shells -

BorderEdges l
Shells .

Holes
BorderEdges I
Holes .

Inv. Qrientation I
Inv. Qrientation l

Medical part Gear

Fig. 17. Diagram of STL parts (medical part, gear)

Fig. 18. Mesh surface needed for repair

To start the 3D printing simulation first need
to load the machine workspace so it’s depends on
machine that needs to use also in practice. The
second step is to make the orientation of the STL
part in the area of machine working. The third step
is to make support for detail and to make
optimization of the area for raw material that it used
to realize the part. The last step is to choose the 3D
printer settings and send the data to current 3D
printer or save it in the G code.

The process of 3D printing of medical part is
showed in Figure 19. The machine called Type A
Series 1 Desktop FDM Printer [10].

The second part (gear) in this paper select to
realize in MAKEIT Pro-L [11] as we see in Figure
20. Main characteristics of two machines are shown
in Table 4.

Fig. 19. Medical part — process of 3D printing

Fig. 20. Gear — process of 3D printing

It is very important the material that it used in
two cases, PLA and ABS are the most frequently
used materials for these printers. ABS has a main
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problem: Its high rate of thermal expansion, which
means that it expands and contracts with tempera-
ture changes quite easily. Layers closest to the ex-
truder are warmer and contract causing tension in
the lower layers. PLA, however, does not have this
disadvantage, but its machining is more difficult.
The general defects analyzed in two materials
confirm that there are no major differences. In both
cases general quality is the same and defects are
similar [2].

Table 4
Characteristics of two machines [10, 11]

Type A Serie 1 Dektop FDM Printer

Technology FDM

Build volume 305 mm x 305 mm x 305 mm
Material PLA

Min. layer thickness 0.05 mm
MAKEIT Pro-L

Technology FFF

Build volume 305 mm x 254 mm x 330 mm
Material ABS

Min. layer thickness 0.01 mm

The simulation in two softwares is made in
different conditions. We can see layer height “0.06
mm” (means the quality of surface) is very import-
ant factor to increase and decrease the estimate
printed time. Even if the print speed and travel speed
can be almost 100% increased the total estimate
print time is high than the part who is with medium
accuracy “0.3 mm”. Print setups for both machines
are shown in Table 5.

Table 5
Print setup
Type A Series 1 Desktop MAKEIT

FDM Printer Pro-L

(medical part) (gear)
Layer height 0.3 mm 0.06 mm
Wall thickness 1.5 mm 1.5 mm
Infill density 20 % 20 %
Printing temp. 220°C 210°C
Diameter 1.75 mm 1.75 mm
Flow 100 % 100 %
Print speed 70 mm/s 140 mm/s
Travel speed 200 mm/s 300 mm/s
Size 72.242 x 51.022 x 50.00 97.4 x 97.5 x 38.8
Estimated print time 1 hr 16 min 9 hr 30 min
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6. DISCUSSION

After analyzing two different parts with speci-
fic shape, application and characteristics we see
some advantages and disadvantages during the flow
from the beginning in to the finalizing. More clear
is shown in Figure 21 the workflow step by step.

| PhysicalPart |

|  30Scanning |

I

| STL File |
[ ]
l re mesh re pair
I |
I I
automatic corvert reverse engineering
to solid to solid
I I
. *slow convert
fast cormert i
& accured
S *for non comple
* for com plex shapes ' pex
shapes
I |
Solid
|
30D Printing
simulation
I I
| Simulation1 | | Simulation 2
I |
| G Code |
|
| Buid part ]

Fig. 21. Workflow structure

7. CONCLUSION

Two of methods for converting the STL file
from 3D scanning to CAD solid part are presented
in this paper. When we use the automatic converter
form STL to solid, we have the shape not very accu-
rate because of tolerance of sewing shape that is
almost in all softwares 0.1 mm. If we decries this
value in some cases the part start to lose the original
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surface. When we use the reverse engineering met-
hod to resurface the sections and make different
plane in surfaces, we can make the part more accu-
rate but always to follow the right lines. SpaceClaim
software has option to fit curves and reverse engi-
neering option to rebuild the part very successful. It
easy now to create it in solid form and save like STL
file with some kilobytes.

Moreover, when the part is well resurfaced it
is reasonable to make simulation before 3D printing
in any machine, so making all optimizations for pro-
duction. Autodesk Netfabb has a very good machine
library, technical options and detailed preview. The
results shown that accuracy of surface is main factor
for making parts more reasonable economically and
technically.
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A bstract: The purpose of this article is to present the theoretical aspects of the problem the importance of
organizational communication for the creation and introduction of innovations. The understanding of the importance
of innovation for the successful development of the company is predetermined by the perception and management of
an innovation culture as an integral part of the corporate culture. The presumption is the understanding of the role of
corporate culture in enhancing the competitive advantages of the company. The theory is supported by an analysis of
the results of a nationally representative survey of 1000 companies carrying out business activities in Bulgaria.
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NHOBAIIMOHU YEKOPH BO BPCKA CO OJHOCOT
KYJITYPATA HA KOPIIOPAIINJA — KOHKYPEHTHOCTA

Amncrtpaxkrt: llenra Ha oBaa cTaTHja € 1a I'M IPETCTaBU TEOPETCKUTE ACIEKTH Ha MPOOJIEMOT Ha Ba)KHOCTA Ha
OpraHU3allMOHUTE YEKOPH 3a CO3[aBarbe¢ U BOBEIYBame MHOBAIMU. Pa30Mpamero Ha BaKHOCTA Ha MHOBALMUTE 3a
yCIIEIIeH pa3Boj Ha KOMIIaHHjaTa € NPeoIPeIeHO 0] MEePLEINjaTa U YIIPaByBabeTo CO HHOBATUBHATA KYJITYpa KaKo
COCTaBeH JIeJl Ha KopropaTuBHaTa Kynrypa. [Ipesymniujara e pa3oupame Ha ynorara Ha KOpIopaTHBHATa KyJITypa BO
0100pYBabETO Ha KOHKYPEHTCKUTE MPEAHOCTH Ha KOMITaHujaTa. TeopHjaTa e HoIp)KaHa Co aHaIn3a Ha pe3yaTaTuTe
oJ1 penpe3eHTaTHBHATA aHKeTa Ha 1000 KoMIaHWM KO BpILIAT ACJIOBHH aKTHBHOCTH BO Byrapuja.

Knyuynu 300poBu: opram3anyicka KOMyHHKalWja; HHOBAIMN; KOPIIOPAaTHBHA KyJITypa; KyATypa Ha MHOBAIWH;

KOHKYPEHTHOCT

1. INTRODUCTION. LITERATURE REVIEW

Corporate culture, communications, and rela-
tionships between the various processes in the or-
ganization have a significant impact on the realiza-
tion of innovation in companies [1]. Communica-
tions are at the core of the organization, without
them being impossible. Corporate culture is the one
that determines the way you will realize communi-
cations and the extent to which attaches importance
to the role for the effective development of the com-

pany. Communications, on the other hand, contrib-
ute to the smooth running of the overall manage-
ment of the corporate culture in the organization —
from its creation to its retransmission and mainte-
nance, to its change.

a) Innovation

Innovation exists only in the context of the or-
ganization. Amabil and others [2] emphasize inno-
vation as the successful implementation of the crea-

* This work was presented at the International Scientific Conference Green Development, Green Infrastructure, Green Technology - GREDIT2018,

22-25 March 2018, Skopje.
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tive ideas generated by members of the organiza-
tion. Many definitions of innovation have been cre-
ated, and what we will use is that “Innovation is:
production or adoption, assimilation, and exploita-
tion of a value-added novelty in economic and so-
cial spheres; renewal and enlargement of products,
services, and markets; development of new methods
of production; and establishment of new manage-
ment systems. It is both a process and an outcome”
[3].

Innovation types are a product, process, mar-
keting, and organizational. It is radical and incre-
mental. Also viewed as open and closed. Open in-
novation requires an understanding of the im-
portance of open communication with all groups of
stakeholders in the organization, carried out trans-
parently. Innovation is directly related to organiza-
tional learning, knowledge management, the ambi-
dextrous nature of the organization and its manifes-
tations as "learning" [4]. Innovation is a prerequisite
for maintaining a longterm competitive advantage
for the company. Some empirical studies prove the
positive nature of the relationship innovation — the
competitive performance of the organization [5].

Companies that focus on innovation activities
are much more successful than others in the market.

b) Corporate culture and innovation.
Culture of innovation.

Corporate culture is the framework that covers
all processes in the organization, directly related to
its strategy and structure. Corporate culture and or-
ganization management are interdependent. Corpo-
rate culture is the "social glue" that unites members
of the organization and defines organizational be-
havior, organizational climate and communication
climate. It supports the adaptation of the organiza-
tion in the conditions of the constantly changing re-
quirements of the environment and, hence, the en-
hancement of its competitive advantage [6].

Corporate culture is built up of values, norms,
and beliefs that contribute to the introduction and
application of innovation in the organization. Tush-
man and O'Reilly (1997) [7], who studied in depth
management approaches culture of innovation,
agree that management culture is the most over-
looked and simultaneously the most appreciated
tool that facilitates innovation and change.

For the competitiveness of the organization, its
employees contribute greatly, which means that it is
essential for companies to associate their goals with
their own, stemming from the coincidence of per-
sonality and organization. It is the corporate culture
that stimulates innovation behavior among the

members of the organization. It directs employees
in perceiving innovation as a core asset in the organ-
ization and can encourage their dedication to it.

To support innovation in the organization's
corporate culture should ask for understanding in-
novation as an integral part of the constant change,
i.e. innovation must be embedded in its "invisible
levels" — the basic assumptions and values.

Essential elements of the innovation-support-
ing process are the empowerment of employees in
the organization through open communication and
information sharing, their participation in decision-
making, the shared vision and common goals [8].
Innovative processes depend directly on the creative
capabilities of the employees, the professionalism,
the specialized knowledge they possess, acquire and
apply, as well as their dedication to the realization
of plans whose realization leads to the creation of
value. Therefore, the organization gains a signifi-
cant competitive advantage thanks to its employees,
and this requires support and promotion of the op-
portunities for raising and developing their
knowledge, skills, and talents. Those processes are
an essential part of the conditions needed to per-
ceive a culture of innovation as an integral compo-
nent of corporate culture.

The culture of innovation must encourage the
processes of creating and adopting new ideas that
originate within or outside the organization. The
presumption is the need to adapt to the everchang-
ing requirements of the environment and the ability
to gain competitive advantage. Communication is
an essential part of the culture of innovation [4].

¢) Communication and innovation

The communications of the organization are
subdivided into internal and external, including
management communication practices [9]. Modern
trends in communications science and related re-
search emphasize the importance of integration of
the organization's communications that the separa-
tion between internal and external communications
no longer exists [10].

Communication, with an emphasis on innova-
tion, should present the value-creation capability of
the company [11] to all groups of stakeholders to
which it is bound. By communicating with internal
stakeholders — managers, shareholders, and employ-
ees, it helps to understand the importance of inno-
vation for the overall successful development of the
organization, encourages support for its implemen-
tation. It is also necessary to increase the motivation
for sustainability of attitudes towards innovation
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[12]. Communication on innovation requires inter-
activity and continuous feedback. Internal commu-
nication is needed at every stage of the introduction
of the culture of innovation [13].

For a long period, the approaches used by Me-
dia richness theory [14] are applied in the imple-
mentation of internal communication. From a stra-
tegic management point of view, this theory re-
quires efficient managers to make rational choices
by identifying the appropriate communication me-
dium for the specific task and the degree of access
it provides, depending on the specificity of the task
itself. The modern development of communication
theory leads to the essential conclusion that classifi-
cation for the most accessible media is not neces-
sary. In connection with the opportunities offered by
new media whose development and widespread use
make the onedimensional approach of Media Ac-
cess Theory insufficient to cover all the parameters
in which they can find expression [15]. The above
requires the media to be used to implement commu-
nication processes with employees to be selected by
the specific situation, the degree of ambiguity that
the communication, the corporate culture and the
available resources of the organization can cause.

More and more organizations use so-called
unified communications as a service which involves
the integration of audio and video conferencing,
communication between members of the organiza-
tion/organizations via web-based applications —
chats, messenger, the applications mentioned
above, mobile phones etc. are moving increasingly
towards cloud technologies. Innovation in web-
based technology also offers members of the organ-
ization and the other stakeholders a variety of com-
munication channels — blogs, podcasts, wikis etc. —
to increase communication efficiency by shortening
the time for information exchange, facilitating
knowledge management and overall communica-
tion effectiveness is positive. Social media are al-
ready an equal participant as a communication
channel for realizing communication within the or-
ganization and between the organization and its key
stakeholders. Leonardi et al. (2013) indicate that
most organizations, regardless of their size, are in-
troducing and using corporate social networking
sites [16]. This type of technology allows and facil-
itates the consistency of interactive employee rela-
tionships. Social media is also an essential tool for
managing customer relationships (CRM). Social
media are extremely useful in the context of so-
called "boundary spanning" functions, in fact, they
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remove the boundaries of the organization, no mat-
ter how contingent they are. The mentioned above
enhances the absorption capacity of the organiza-
tion and supports the generation of new ideas and
innovation accordingly.

2. QUESTIONNAIRE SURVEY

For this article, we will look at the results of
the National Business Survey July—August 2015. 1t
is based on a closed-ended questionnaire including
a representative sample of 1,000 companies doing
business in Bulgaria. The ratio of micro / small / me-
dium / large businesses is 60 : 30 : 10. Respondents
are owners and top managers of companies. The
method used is a standardized interview. We em-
phasize understanding of the importance of commu-
nication and innovation in the context of corporate
culture as a prerequisite for enhancing competitive
performance.

The respondents in the study predominate the
representatives of the micro and small companies,
followed by the medium ones, the largest number
being the ones that represent the representative sam-
ple of the companies doing business in Bulgaria.
According to the area of activity, medium and large
firms operate primarily in industry, construction,
transport, and communications (Figure 1).
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Fig. 1. Main business of the company / Number of employees

Regardless of the size of the companies, the
majority of survey respondents (approximately
70%) are aware of the positive impact that corporate
culture has on the competitive performance of the
company. The most difficult is the definition of its
character by microcompanies, and in the case of the
big positive character, it finds the strongest confir-
mation (Figure 2).

Regardless of the sphere in which the compa-
nies surveyed take into account the positive impact
that corporate culture has on the competitive perfor-
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mance. Respondents from different spheres are be-
ginning to realize the need to apply best practices in
governance, leading amongst which is the creation
and management of corporate culture (Figure 3).

Fig. 2. Number of employees
Does your company's corporate culture support its economic
performance (results)?

ulcftelyyes  mRatheryes  wEquelyyesandno  wRatherno  wDefitdyno  m Cannotdecide
1%

AGRCULTURE  WANFACTURE  COMSTR.  RETAL,REPAR ACCOMFOOD  TRANSPORT  OTHER

Fig. 3. The main business of the company
Corporate culture of your company does it support
its economic performance (results)?

For the survey, we need to look at the distribu-
tion of innovative products and services developed
in the last three years by the respondents. According
to the number of employees in the surveyed enter-
prises, large companies are the ones that are most
important in the creation and introduction of inno-
vative products and services. They are followed by
medium, small and, finally, by microcompanies. By
answering this question, it is possible to trace the
link between the processes of innovation and the
resources owned by the companies. More important
are resources of the larger and the smaller of the
small companies, as well as the fact that among the
Bulgarian business still, the application of good
practices is most typical for large and medium sized
companies (Figure 4).

100% +
80% - 1 Gan not decide
B0% -
40% -
20% - uYes
0%

108 101049 500249

Fig.4. What is the number of employees in your company? /
Has your company developed innovative products
and services?

Positive support finds the link between devel-
oped innovative products in respondent firms and
the relationship between corporate culture and com-
petitive advantage. Approximately 20% of the com-
panies surveyed develop innovative products; the
other respondents are not oriented towards action in
this direction. The reasons for this can be found in
the lack of sufficient financial resources to imple-
ment innovations, lack of the necessary qualified
human capital for their realization, incomprehen-
sion of the importance of innovation by the deci-
sion-makers in the companies, i.e. from top manage-
ment (Figure 5).

100%

M Can not decide

90%
80%
70%

m Definitely no

60% 1 Rather no

50%

40% H Equally yes and
30% no
20% M Rather yes
10%
0% M Definitely yes
Yes No Can not decide

Fig. 5. Does your enterprise have innovative products
and services developed?
Does your company's corporate culture support
its economic performance (results)?

From the figures above we can note the follow-
ing: Regardless of the size of the company, the pre-
ferred channel for the realization of the internal
organizational communications is the direct mana-
ger, i.e. face-to-face. The e-mail and regularly con-
ducted briefings are the next most preferred com-
munication channels within the organization, fol-
lowed by specialized training and the presence of an
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intranet. The organization of seminars is among the
priority communication channels of the medium
and large companies, carrying out their business ac-
tivities in Bulgaria. The use of print communication
channels is deficient, the respondents who rely on
them are mostly microcompanies. The positive
trend is that a small number of respondents do not
have a policy for realizing internal organizational
communication (Figure 6).

Wemail Wintranet Wbysupervisor Wseminas Wbriefings Wtrinings 1 printchannels ¥ no organized system

== = = B

1111

10to Sto249 250
Fig. 6. What is the number of employees in your company?
How do internal communications work in your company?
E-mail, intranet, by supervisor, seminars, briefings, training,
print communications, no policy

ERERSEE

Regarding the use of the Internet and the social
media, we can state that, according to data of the
National Statistical Institute, by December 2015 the
enterprises in Bulgaria with access to the Internet
are 91.3%. Those with a corporate webpage are 48,
2%. Social media users for the organization, are
30% of the respondents (http://www.nsi.bg/bg/con-
tent/11652). There is still a small number of enter-
prises using socalled cloud services, according to
NSI data — in 2015 they are 5.4%. Data for 2016
(http://www.pariteni.bg/index.phtml?tid=40&oid=
203053) indicate that Internet access have 91.3% of
the respondents, a corporate webpage created and
maintain 50.7% of them; 31.7% of Bulgarian com-
panies do not use social networks and every second
company in our country has no own corporate
website. The data reveal that more and more enter-
prises in Bulgaria provide handheld devices for their
employees. By 2017, NSI (http://www.nsi.bg/bg/
content/2841) data indicate that businesses in Bul-
garia with access to the Internet are 94.6. Those with
active web pages are 50.8%, social media users are
34.4% of respondents. The use of cloud services has
increased compared to 2015, and the percentage is
now 8. Of the large companies, 28.6% confirm that
they use 11.7% of the average and 6.7% of the small
ones.
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According to various studies, e-mail is becom-
ing an increasingly important channel for organiza-
tional communication, and face-to-face communi-
cation in a real environment is diminishing. Empha-
sis should be placed on the use of mobile applica-
tions, social media, text messaging, and social inter-
action tools to communicate in the organization and
maintain the brand http://www.theemployeeapp.co
m/infographic-2016-digital-workplace-communica
tions-survey/.

The channels for which investments are made
are social intranet applications, corporate social ap-
plications, intranet, electronic newsletters, video
and team meetings (https://www.slideshare.net/Gra
hamHollinger/internal-communications-survey-20
17-infographic).

The global trend is towards unification of com-
munication, which is an opportunity to overcome
the information overload that can create the use of a
variety of communication channels as well as a re-
sponse to the expansion of the range of channels
used to implement communication in organizations.

Regardless of the sphere in which the respond-
ent companies carry out their business activities, the
preferred channel of communication is by super-
visor. The respondents from the tourism and hotel
services sectors, from the transport sector and retail
and repair of automobiles, rank it almost equally
with the implementation of internal organizational
communication through e-mail. The indicators of
the companies in the construction sector are similar
to those presented. The branches above also empha-
size training for their employees.

The organization of seminars is primarily a pri-
ority for the representatives of industry and trade
(Figure 7)..
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Fig. 7. What is the main activity of your company?
How do internal communications are implemented
in your company?
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The results represented by the answer to the
questions about the relation between the relation-
ship between the corporate culture — competitive-
ness and the implementation of the internal commu-
nications traces the relationship between the under-
standing of the corporate culture of the company
and the implementation of a planned internal or-
ganizational communication policy. Those who
fully support the assertion of the positive impact of
corporate culture are mostly communicating with
internal stakeholder groups through the use of a va-
riety of communication channels. This statement is
largely valid for respondents for whom corporate
culture has a positive impact on the performance of
the company.

Respondents who deny the link are the mini-
mum number.

The relationship between the understanding of
the role of competently implemented internal organ-
izational communication and its motivating im-
portance for the employees of the company is trace-
able. Respondents of the companies that have a
defined internal communications policy implement-
ed through a variety of communication channels
strongly confirm its importance.

A small number of respondents hesitate, the
deniers are an insignificant percentage, and they are
the main number of respondents who do not have a
planned communication policy with internal stake-
holders (Figures 8 and 9).

Respondents in the research that develop inno-
vative products and services implement an internal
organizational communication policy through a
combination of different communication channels.
A significant percentage of them focus on training
and seminars as well as intranet use. Nonperforming
innovators also carry out organized intracommuni-
cations policy but among them a large number of
respondents who do not have one, while there is vir-
tually no such companies, indicating the relevance
of the relationship between the implementation of
innovation and the communication policy of organ-
izations (Figure 10).

The orientation towards innovation in compa-
nies also correlates with the understanding of the
motivating effect of the internal organizational
communication, which is directly related to its com-
petent planning and implementation. Companies
that realize innovative products and services sup-
port the strongest claim to the motivating effect of
communication in the organization on employees to
successfully carry out their day-to-day activities and
to understand the vision of the organization.

Nemal Wintranet Whysupenvisor Wseminas Wbriefngs Wirainings ¥ printchannels ¥ no organized system
Can ot decide

Definitlyyes

Ratheryes Rather no Definitely no

Fig. 8. Does your company's corporate culture support its
economic performance (results)?

How do internal communications work in your company?
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Fig. 9. How do internal communications work in your
company?
Does the internal communication system in your company
motivate employees to perform their duties?
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Fig. 10. Does your enterprise have innovative products
and services developed? How do internal communications
are implemented in your company?

A minimum number of respondents categori-
cally deny the existence of such a link. Respondents
who did not innovate and those who can not judge
also supported the claim for the incentive effects of
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internal organizational communication to employ-
ees, but to a lesser degree, as they expressed in a
significant proportion of fluctuating valuation of in-
fluence. Those who categorically deny the introduc-
tion of innovation are the highest percentage and
strongly reject the statement of communication —
motivation (Figure 11).

100%
90% - -: m Can not decide
80% | .
70% - u Definitely no
60% 1 Rather no
50%
40% 1 Equally yes and
no
0% 1 Rather yes
20%
10% - 1 Definitely yes
0% - . :
Yes No

Can not decide
Fig. 11. Has your enterprise developed innovative products
and services? Does the internal communication system in your
company motivate employees to perform their duties?

3. CONCLUSION

In conclusion, we can say that among the Bul-
garian business, the tendency to innovate is still not
widely supported. As a development recommenda-
tion for innovation, emphasis should be placed on
access to research results, research laboratories,
knowledge transfer and technology transfer.

In the context of the concept of open innova-
tion, it is necessary for Bulgarian companies to ori-
ent themselves towards different forms of coopera-
tion — not only with companies of similar size and
scope but also with research and educational insti-
tutions, as well as with the establishment of partner-
ships of different sizes companies.

There is a clear link between the attitude to-
wards innovation and the understanding of the pos-
itive impact that corporate culture has on the overall
competitive performance of the company, as well as
the implementation of a competently planned inter-
nal communication policy and the understanding of
its motivating effect for employees.

For the equal presentation of Bulgarian com-
panies in the international markets, it is necessary to
adopt and apply the innovations as an essential part
of the positive organizational performance and de-
velopment.

Maw. unswc.nayu. ciuc., 36 (1), 55-61 (2018)

REFERENCES

[1] Doug, Ayers; Dahlstrom, Robert; Skinner, Steven J.: An
Exploratory Investigation of Organizational Antecedents
to New Product Success, Journal of Marketing Research,
Vol. 34, No. 1, Special Issue on Innovation and New Prod-
ucts (Feb. 1997), pp. 107-116 (1997),

[2] Amabile, T. M., Conti, R., Coon, H., Lazenby, J., & Herron,
M.: Assessing the work environment for creativity. 4Acad-
emy of Management Journal, 39 (5), pp. 1154-1185
(1996).

[3] Crossan, M. M. and Apaydin, M.: A Multi-Dimensional
Framework of Organizational Innovation: A Systematic
Review of the Literature., Journal of Management Studies,
47 (6), pp. 1154-1191 (2010).

[4] HAumutposa, f.: Kyamypa na unosayusma, VI3parencku
xommieke Ha YHCC, Codus, 2017.

[5] Bobillo, A. M., Rodriguez Sanz, J. A. & Gaite, F. T.: Inno-
vation Investment, Competitiveness, and Performance in
Industrial Firms, Thunderbird International Business Re-
view, 48, 6, 867-890 (2006).

[6] dumutposa, f.: Kopnopamusnama xynmypa Kamo KOH-
Kypenmuo npeoumcmso, A. U. TlIpod. Mapun JIpuHOB”,
Codus, 2012.

[7] Tushman, Michael L. and O’Reilly, Charles A.: The ambi-
dextrous organization: managing evolutionary and revolu-
tionary change. California Management Review, 38, 1-23
(1997).

[8] Ahmed, P. K.: Culture and Climate for Innovation, Euro-
pean Journal of Innovation Management, 1 (1), pp. 3043
(1998).

[9] Welch, M. and Jackson, P.: Rethinking Internal Communi-
cation: a Stakeholder Approach, Corporate Communica-
tion, An International Journal, Vol 12, 2, pp. 177-198
(2007).

[10] Christensen, L. and Cheney, G.: Organizational Identity:
Linkages between “internal” and “external”, In: Putnam,
L. and Jablin, Fr.: The New Handbook of Organizational
Communication: Advances in Theory, Research, and
Method, Sage Publication, 2001, pp. 231-269.

[11] Payne, A., Storbacka, K. and Frow, P.: Managing the
cocreation of value, Journal of the Academy of Marketing
Science, Volume 36, March, Issue 1, pp. 83-96 (2006).

[12] Monge, P. et al.: Communication and Motivational Predic-
tors of the Dynamics of Organizational Innovation, Organ-
ization Science, Vol. 3, N. 2, pp. 250-274 (1992).

[13] Linke, A. and Zarfass, A.: Internal communication and in-
novation culture: developing a change framework, Journal
of Communication Management, Vol. 15, Iss. 4, pp. 332—
348 (2011).

[14] Daft, R. L. & Lengel, R. H.: Information richness: a new
approach to managerial behavior and organizational de-
sign. — In: Cummings, L. L. & Staw, B. M. (eds.). Research
in Organizational Behavior, 6. Homewood, IL, JAI Press,
1984, pp. 191-233.

[15] Dennis, A. R., Fuller, R. M., et al.: Media, Tasks, and Com-
munication Processes: A Theory of Media Synchronicity,
MIS Quarterly, 32 (3), pp. 575-600 (2008).

[16] Leonardi, P. M., Huysman, M., and Steinfield, C.: Enter-
prise Social Media: Definition, History, and Prospects for
the Study of Social Technologies in Organizations. Jour-

nal of Computer-Mediated Communication, 19, 1, pp. 1—
192






Mechanical Engineering — Scientific Journal, Vol. 36, No. 1, pp. 63—71 (2018)

Number of article: 584
CODEN: MINSC5
Received: February 4, 2018
Accepted: March 20, 2018

ISSN 1857-5293
e-ISSN 1857-9191
UDC: 658.71/.72:519.865

Original scientific paper

SELECTION OF A SUPPLIER OF THERMOPLASTIC INTERLINING
BY NUMERICAL EVALUATION MATRIX"

Saska G. Longurova', Goran DemboskiZ, Sonja Jordeva!, Darko Andronikov!,
Kiro Mojsov!, Aco Janevski!

"Faculty of Technology, University “Goce Delcev” in Stip,
Blvd. “Krste Misirkov” 10-4, 2000, §tip, Republic of Macedonia
’Faculty of Technology and Metallurgy, “Ss. Cyril and Methodius” University in Skopje,
Rugjer Boskovic¢ 16, 1000 Skopje, Republic of Macedonia
saska.golomeova@ugd.edu.mk

A bstract In this paper the methodology for supplier selection of fusible interlining for men's shirts is
presented. The first step of supplier selection starts with the identification of suppliers of support materials, evaluation
of quality, and the evaluation of economic and commercial performance of potential suppliers by the following criteria:
quality of fusible interlining, procurements cost, supplier operational capability, financial stability and additional ser-
vices offered. Evaluation of suppliers is made by numerical evaluation of sub-criteria, and the final selection is made
by summation of the “weight” of particular features.

Key words: supplier evaluation; quality; procurements cost; operational capability; financial stability;
additional services

CEJIEKIIUJA HA TOBABYBAY HA TEPMOILIACTUYHA MEI'YIIOCTABA
CO IPUMEHA HA MATPUIIA 3A HYMEPUYKA EBATYALILJA

AmncTpaxkT: Bo TpynoT e npercraBeHa METOJ0JI0THja 3a N300p Ha J00aByBau Ha IIOMOIIHUOT MaTepHjal
TEepPMOIITACTHYHA Mel'yIocTaBa 3a (MKCHpame Ha Malllka Komryna. [IporecoT Ha ceneknuja Ha 1o0aByBad 3armoyHyBa
co naeHTH(UKAIMja Ha TPETIpHjaTHja KoM paboTaT Kako 100aByBauyd Ha TIOMOIIHM MaTepHjajl W UCIIUTYBambE Ha
KBaJIUTETOT, a II0TOA CE MPaBH €Bayaldja Ha EKOHOMCKHTE U KOMEpIHjaTHATe Mep(HOpMaHCH Ha HACHTH()UKYBaHUTE
no6aByBayM NPeKy KPUTEPHYMHTE: KBAJIMTETOT Ha TEPMOILIACTHYHATA MelyIocTaBa, TPOLIONUTE 3a HabaBKa, orepa-
THUBHATa CIIOCOOHOCT M (PMHAHCHCKATa CTAOMITHOCT Ha MPETIPHjATHETO U JOMOIHUTETHATE TEXHHYKH YCIIyTH KOU TOa
ru Hyau. OLeHyBamkeTO U celleKnyujata Ha J00aByBayuTe Ce HAIpPaBEeHM NPEKy HyMepHUKa eBajyaluja Ha CYIKpH-
TEpUyMH, a KPajHHOT N300p Ha 100aByBay € HalpaBeH NPeKy CyMHUpame Ha ,,TeXUHUTE" 3 OJIETTHA KapaKTePUCTHUKH.

Kiyunn 360poBu: TepMOIUIaCTUYHA MEI'YIIOCTaBa; eBajyalnja; 100aByBay; KBAIUTET

INTRODUCTION

Suppliers have a critical role in achieving qual-
ity objectives. It is clear that if the quality of the raw
materials is low, a high quality finished product can-
not be achieved. Therefore, companies pay great at-
tention to the quality of the purchased materials by
inspecting the materials for: spotting scraps, faults,
operation performance, etc. [1]. Decisions made
concerning the selection of a supplier are different
from one enterprise to another. Companies that un-
derstand the supply management well, base the se-
lection decision on the attributes of their needs. The

selection process includes strategy and develop-
ment, assessment, long-term contacting and negoti-
ation. Each selection decision has some degree of
uniqueness, i.e. there is not only one way to evaluate
and select suppliers. However, all selection deci-
sions should follow a particular law of logic, from
the identification that there is a need for selection to
the extension of the contract with the selected sup-
plier. Decisions on selection of suppliers are made
by monitoring the lists created during the pre-clas-
sification phase of the supplier. These are compli-
cated decisions because different criteria are taken

* This work was presented at the International Scientific Conference Green Development, Green Infrastructure, Green Technology - GREDIT2018,

22-25 March 2018, Skopje.
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into account. A significant number of quantitative
and qualitative attributes of the supplier are exam-
ined, and the evaluation of suppliers is realized by
using objective and subjective criteria [2]. In this
paper a selection of a supplier of thermoplastic in-
terlining casual men's shirt was made based on the
previously set criteria. Companies, potential suppli-
ers are evaluated through the quality of the products
offered and their economic commercial perfor-
mance.

EXPERIMENTAL SECTION

1. Defining needs and identification of potential
suppliers of thermoplastic interlining

A large participation in the overall production
of men's shirts is the creation of a casual men's shirt.
The specification of the fabric for which we require
a compatible thermoplastic interlining for fusing of
the collar, under collar and cuffs of a men's shirt is
given in Table 1. For fusing of the fabric, we need
white, woven, soft, lightweight, thermoplastic inter-
lining, with cotton base and high density polyeth-
ylene coating.

Table 1

Characteristics of the fabric used in tests

Composition Weight Warp density Weft density Color
g/m? cm! cm!
100% cotton 125 56 38 Blue

By contacting the managers of the clothing
companies from the wider eastern region of the Re-
public of Macedonia, and by searching supply por-
tals, three companies, potential suppliers of thermo-
plastic interlining, have been identified. Company

data is collected from web portals, their product cat-
alogs and in direct contact with their managers. The
first company is the company "Coats" from Bul-
garia, which is part of the family of the group
"Coats" with headquarters in England. The interlin-
ing assortment the company "Coats" is produced by
manufacturers "Wendler" from Germany and
“Permess” from Netherlands.

The second enterprise is "Elviet" from Stip. It
is a trading company that works only with auxiliary
materials for ready-made production. This is a
Greek company founded in 2006 in Stip, the Re-
public of Macedonia. In regard to the thermoplastic
interlining, the company "Elviet" has a direct coop-
eration with manufacturers of thermoplastic inter-
lining from France and Spain. It has cooperated with
the manufacturer "DHJ Internacional” from France
since 2009, and since 2010 it has been cooperating
with the manufacturer "Staflex" from Spain.

The company "Niko 2002" was founded in
2002 in Stip. This is a trading company that sells
retail and wholesale of base and auxiliary materials
for ready-made production. What is specific about
this company is that it has not established coopera-
tion with any manufacturer of thermoplastic inter-
lining. Since there is no continuous cooperation
with manufacturers of thermoplastic interlinings,
the quantities they have from a particular manufac-
turer are available for a certain period. Therefore, in
this case, the re-supply of thermoplastic interlining
of a particular type may be a problem in the event
deficiency in production. The manufacturer of the
thermoplastic interlining is “Freudenberg” from
Germany.

The specifications of the thermoplastic inter-
linings offered by the companies potential suppliers
are given in Table 2.

Table 2
Specification of thermoplastic interlinings offered by identified potential suppliers
Supplier “Coats* — Bulgaria “Elviet“— Macedonia “Niko2002“-Macedonia
Article “Wendler“ DV 31 “Staflex* Freudenberg
Composition Base:100% cotton, woven; Base:100% cotton, woven; Base:100% cotton, woven;
Coating: PE HD, microdots Coating: PE HD, microdots Coating: PE HD, microdots
Weight, g/m? 100 110 80
Width, m 0.9 0.9 0.9
Touch Very soft Very soft Very soft
Fusing conditions T=160—-165°C T=150-170°C T=143 -166°C
P=2-3bar P=1.8-2.5bar P=0.8 -3 bar
t=12-18s t=12-17s t=12-18s

Care instructions Washing 7= 95°C
Ironing: 7= max. 150°C

Density, cm™! Warp 23, Weft 21

Ironing: 7= max. 150°C

Washing 7' =95°C Washing 7' =95°C
Ironing: 7= max. 150°C

Warp 23, Weft 21 Warp 24, Weft 21
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2. Criteria for evaluating the supplier

Evaluation of suppliers is obtained as a com-
plex assessment based on several criteria. The qual-
ity of the product is always taken as one of the cri-
teria. Other criteria that are evaluated are in fact the
economic and commercial performance of the sup-
plier. Accordingly, the evaluation of the supplier of
thermoplastic interlining is made on the basis of the
following criteria: quality of the thermoplastic in-
terlining offered by the companies; procurement
costs; operational capability of companies; financial
stability of companies; additional services offered
by companies. The data based on which the analysis
of the companies was carried out according to the
above criteria and their evaluation are obtained from
experimental pre-production testing and in direct
conversation with the companies’ managers. Pre-
production testing is essential for comparing the
quality of different types of interlinings, i.e. inter-
linings from different suppliers.

3. Examination of the quality of the selected
thermoplastic interlinings

The evaluation of the quality of the selected
thermoplastic interlinings is done by examining the
properties: the bonding strength before and after
fusing, banding rigidity and dimensional stability of
the laminate of the fabric with the thermoplastic in-
terlining. The testing of the bond strength of the
fixed textile material is done according to the stand-
ard ASTM D 2724 — (07)2015 [3]. The standard ISO
3759:2011 is applied to determine the dimensional
changes in textile materials [4]. The method of this
standard is intended to examine the dimensional sta-
bility of the fabric and the laminate, before washing
and after washing. The standard BS 3356:1990 is
applied to determine the banding rigidity of textile
materials [5]. The selected fusing parameters are
part of the factors intervals in the specifications of
the individual thermoplastic interlinings given by
the manufacturers, Table 3.

Table 3
Fusing parameters
Type of interlining Weigi“’ Fusing parameters
g/m T, °C P, bar t,s
Freudenberg 80 160 2 15
Wendler DV 31 100 160 2 15
Staflex 3620 110 160 2 15

RESULTS AND DISCUSSION

1. Evaluation of companies potential suppliers

Through numerical evaluation, all sub-criteria
of a particular criterion are analyzed individually
and independently, i.e. isolated from other sub-cri-
teria and are rated with a certain number of points
from which the sum is ultimately calculated. The
number of points by which the sub-criteria are eval-
uated ranges from 1 to n, where » is the number of
potential suppliers that are compared according to
the criterion. One point is assigned to the supplier
for which the evaluator considers that it least meets
the sub-criterion or does not meet it at all, and the
highest number of points, or # points, is assigned to
the supplier for which the evaluator considers that it
most meets the sub-criterion. The points of the cri-
terion are calculated as the sum of the points of the
sub-criteria for each supplier respectively. Suppliers
are ranked according to the criterion points. The val-
ues of the numerical evaluation of potential suppli-
ers in relation to the sub-criteria of a particular cri-
terion are entered into the matrix [6].

e FEvaluation of companies according
to the criterion "quality”

For the evaluation of companies according to
the criterion "quality", a matrix has been created in
which the values of the numerical evaluation for
each quality sub-criterion are written. The quality of
the offered thermoplastic interlinings as a criterion
for the evaluation of companies, potential suppliers,
is analyzed through: bonding strength before and af-
ter washing, dimensional stability and banding ri-
gidity. The results of testing the bonding strength
are given in Table 4.

Table 4

Bonding strength between the fabric
and the thermoplastic interlinings (cN/cm)

Laminate

Properties
Freudenberg Wendler Staflex

Bonding strength
before washing, 236.6 1423 2183

Bonding strength
after washing 266.4 127.7 174.3

Legend: T — temperature; P — pressure; ¢ — time
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According to the results, the highest bonding
strength has the laminate “Fabric/Freudenberg”,
then “Fabric/Staflex”, while the weakest bonding
strength has the laminate “Fabric/Wendler”. The
standards for testing bonding strength of the lami-
nate do not indicate the minimum strength of bond.
However, in the literature and in practical experi-
ence, it can be found that the bonding strength
should be at least 10 N/5Scm or 200 cN/cm [7]. If this
value is taken into account, the laminates “Fab-
ric/Freudenberg” and “Fabric/Staflex” generally
have the required bonding strength. The laminate
“Fabric/Wendler”, in all cases, has a bonding
strength weaker than the minimum.

The results of the banding rigidity test are
given in Table 5. Samples cut in warp direction have
greater banding rigidity than samples cut in weft di-
rection. This is due to the higher density of the warp
yarns in the structure of the thermoplastic interlin-
ing and the outer fabric. All the analyzed thermo-
plastic interlinings have a higher density by warp
than by weft, and therefore this is a phenomenon
found in all examined samples. It can be concluded
that the application of interlining with an appropri-
ate surface mass, can influence the banding rigidity
of the laminate, and hence the aesthetic properties
of the clothing. The data on the banding rigidity of
the laminate can be used as a parameter in the pro-
cess of selecting a thermoplastic interlining in rela-
tion to the aesthetic appearance of the clothes we
want to achieve.

Table 5

Calculated a banding rigidity of the outer fabric
and the three laminates

Fabric Staflex Freudenberg Wendler
Sample laminate laminate laminate

(GVAN()) © (D)

Weight, g/m? 125 110+125 80+125  100+125
Banding rigidity, WA 1:06  14.58 6.12 10.55
¢N cm weft 0.94  9.76 5.57 8.29

From the testing of the dimensional stability,
there is no dimensional changes in the examined
samples after washing. From the results it can be
concluded that the base fabric and the thermoplastic
interlinings are dimensionally stable. If the two
components in the laminate have a different shrink-
ing ability, a dimensional change will occur under

the influence of the component that has a lower di-
mensional stability.

Evaluation of potential suppliers is shown in
Table 6.

Table 6

Evaluation matrix of potential suppliers according
to the criterion "quality"

Criterion with Potential supplier of thermoplastic

subcriteria interlining

Quali “Coats* “Elviet” “Niko 2002
ty (“Wendler) (“Staflex*) (“Freudenberg)

Bonding strength

before washing lowest 1  medium 2 highest 3

Bonding strength

after washing lowest 1  medium 2 highest 3

Dimensional

stability excellent 3 excellent 3 excellent 3

Banding rigidity low 3 medium 3 high 3

Sum 8 10 12

The banding rigidity of the collar and the cuffs
of a men’s shirt, as an aesthetic feature, depends on
the type of shirt produced, but it mostly depends on
the designer's idea of the product’s appearance. In
practice, the assessment of the banding rigidity of
the fused parts of clothes is the result of an internal
evaluation within the clothing company during
product development. Based on this, when we eval-
uate the companies according to the sub-criterion
"banding rigidity", although the values obtained
from the banding rigidity test are different, all com-
panies are rated with the highest number of points.

e Analyzing and evaluating companies according
to the criterion "costs"

The procurement costs are composed of the
price to be paid for the product and of the additional
costs consisting of the costs of transport, customs
and interest. Effective reduction of the procurement
costs of raw materials can greatly contribute to in-
creasing the economy in the production process.
Procurement costs as a criterion for evaluating com-
panies, potential suppliers, are analyzed through:
product price, transport costs, payment method, dis-
count opportunities.
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For fusing a parts of casual men’s shirt as
cuffs, collar and undercollar, the average consump-
tion of thermoplastic interlining of 0.9 m width is
0.1 m. For the evaluation of companies according to
the criterion "costs", a matrix has been made in
which the values of the numerical evaluation for
each sub-criterion are entered. Evaluation of poten-
tial suppliers according to the criterion "costs" is
shown in Table 7.

o Analyzing and evaluating companies according
to the criterion “operational capability”

The operational capability of suppliers is de-
fined by the ability to meet the demands of textile
companies, then their efficiency, the way they work
and their capacities. Operational capability as a cri-
terion is analyzed through the following sub-crite-
ria: number of employees in the company, assort-

ment of thermoplastic interlinings, mode of opera-
tion, time required for delivery (Table 8).

o Analyzing and evaluating companies according
to the criterion "financial stability”

The supplier's good financial condition gives
the clothing company confidence that the supplier
company will operate while the cooperation agree-
ment lasts. The profit and financial stability of the
suppliers is linearly dependent on the number of
associates and the sales made by the company.

The following sub-criteria were taken as
indicators of the "financial stability" of companies -
potential suppliers: number of realized cooperation
agreements as a supplier, number of newly agreed
cooperation agreements per year, quantity of
thermoplastic interlining delivered annually and
realized profit (Table 9)

Table 7

Evaluation matrix of potential suppliers according to the criterion "costs"
Criterion with subcriteria Potential supplier of thermoplastic interlining
Procurements cost “Coats* (“Wendler®) “Elviet* (“Staflex*) “ Niko 2002 (“Freudenberg®)
Price / piece 10.1 denars 1 9.8 denars 2 6.2 denars 3
Transport Included in the price 3 At the buyer's expense 1 At the buyer's expense 1
Method of payment In cash/with invoice 3 In cash/with invoice 3 In cash/with invoice 3
Discount 2% in cash 3 No 1 By agreement 2
Sum 10 7 9
Table 8

Evaluation matrix of potential suppliers according to the criterion "operational capability”

Criterion with subcriteria Potential supplier of thermoplastic interlining
Operational capability “Coats* (“Wendler®) “Elviet*  (“Staflex*) “Niko 2002“  (“Freudenberg®)
Number of employee 70 (seventy) 3 6 (six) 1 28 (twenty eight) 2
Assortment Wide 3 Medium 2 Small 1
Method of operation Stock/Order/Prediction
of the buyer needs 3 Order 1 Stock/ Order 2

Delivery time Stock: There is no Stock:

2-3 days 2 stock 1 1 day 3

Order: Order: Order:

1-2 weeks 3 1-2 weeks 3 2-3 weeks 2

Sum 14 8 10
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Table 9

Evaluation matrix of potential suppliers according to the criterion "financial stability"

Criterion with sub-criteria

Potential supplier of thermoplastic interlining

Financial stability “Coats* (“Wendler®)

“Elviet (“Staflex®)

“Niko 2002 (“Freudenberg*)

Number of contract 1500 3 400 1 500 2
Number of new contract/year 100 3 60-70 1 70-80 2
Shipping (m/year) 1.5 million 3 30 thousand 1 60 thousand 2
Profit (eur/year) 10 million 3 20 thousand 1 500 thousand 2
Sum 12 4 8

o Analyzing and evaluating companies according
to the criterion "additional services"

Additional technical services offered by com-
panies as suppliers are considered to belong under
the criterion “additional services”. Suppliers from
the textile industry that work for some time with
some product need to know the quality of the prod-
uct, and, in the event of some unwanted situations
in the production process, they should help the man-
ufacturer to remove them and advise them how to
avoid these in the future.

The company "Coats" from Bulgaria has dis-
tributed managers in respective regions (countries)
who once a week or once in two weeks visit clothing
companies in the region. They talk with production
technicians about the problems that arise during the
fixing process and the production process and give
different advice on how to solve them. The manager
of “Coats” for Macedonia visits all the clothing
companies that cooperate with the company "Coats"
every week.

The company "Elviet" does not offer any addi-
tional technical services, except the supply with
auxiliary material.

Table 10

Evaluation matrix of potential suppliers according
to the criterion "additional services"

Criterion Potential supplier

of thermoplastic interlining

Additional services  “Coats* “Elviet* “Niko 2002
(“Wendler®) (“Staflex”) (“Freudenberg)

Participates in the
production process  yes 3 no 1 no 1

Sum 3 1 1

The company "Niko 2002" deals only with
sales, it does not offer any other services that would
be helpful to the clothing company in the production
process.

Based on the above explained, the company
"Coats" was rated with the highest number of points
3, while the other two companies were rated with 1
point. In fact, these are the points according to
which the companies were ranked according to the
criterion "additional services" (Table 10).

2. Supplier selection

The final ranking of companies is done by
comparing their total "weights". The total "weight"
of a company is calculated as the sum of the multi-
plication product of the "weight of the criterion" and
"weight coefficients of the company for each crite-
rion". The allocation of "weight coefficients to the
criteria" in order to determine the "weight of the cri-
teria" is based on the experience and expertise of the
evaluator. In the process of evaluation, it is desira-
ble that a larger number of persons take part in order
to make the evaluation more objective.

The "criterion weight" is calculated for each
criterion according to which the evaluation of the
companies is made, which are: quality, costs, opera-
tional capability, financial stability, and additional
services.

A comparison of the criteria in pairs has been
made. The criteria of each pair are given a "weight
coefficient" 1 or 0, based on the significance of the
evaluation criterion according to the evaluator, Ta-
ble 11. The "weight coefficient" 1 is given to the
criterion that is considered to be of greater signifi-
cance for the evaluation of potential suppliers, and
"weight coefficient" 0 is given to the criterion which
the evaluator considers to have less significance for
the evaluation.
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Table 11
Comparison of evaluation criteria of potential suppliers
Criteria
I 1I 111 v \
No Combination Quality Cost Operational capability Financial stability Additional services
1 I:1I 1 0
2 [.III 1 0
3 LIV 1 0
4 18Y% 1 0
5 ILIID 1 0
6 LIV 1 0
7 v 1 0
8 L1V 1 0
9 v 1
10 Iv:v 1
Sum 4 3 2 1 0

The number of comparisons between the
criteria is calculated according to the following
equation [1]:

ne) _SG-D_20_ 40 (g
2 2 2

where: n is the number of criteria that are taken
into account for the evaluation of companies.

The "weight coefficients" given to each crite-
rion in comparison with the others are added and
then the sum () is divided by the total number of
comparisons made, equation (2). The calculated
value is the "weight of the criterion".

.36,
Coon 2)

The calculated values for the "weight of the
criteria" (W) are:

W, (quality) = 4/10 = 0.4

W, (financial stability) = 1/10 = 0.1

W. (procurement cost) = 3/10=0.3

W, (additional services) = 0/10 =0

W. (operational capability) = 2/10 =0.2.

The next step is to calculate the total "com-
pany weight". In order to determine the "weight
coefficients of a company" for each criterion,
companies are compared in pairs in relation to

each individual criterion. The determination of the
"weight coefficients of a company" for each
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criterion is based on the previously made ranking
of potential suppliers through the numerical eva-
luation of the sub-criteria. The company, from one
pair, which is ranked at a higher level, receives a
"weight coefficient" 1, and the second company
from the pair is given a "weight coefficient" 0,
Table 12 [8, 9].

Table 12

Comparison of potential suppliers according
to the evaluation criteria

Potential supplier

Criteria A:B B:C A:C
Quality 0 1 0 1 0 1
Cost 1 0 0 1 1 0
Operational skills 1 0 0 1 1 0
Financial stability 1 0 0 1 1 0
Additional services 1 0 1 0 1 0

Legend: A — Company "Coats" , B— Company "Elviet",
C — Company "Niko 2002"

In relation to the "additional services" crite-
rion, the company "Elviet" and the company
"Niko 2002" do not provide any additional tech-
nical services. When comparing these two com-
panies by the criterion "additional services", Table
12 shows a "weight ratio" 1 given to the company
"Elviet" and 0 to the company "Niko 2002"



70 S. G. Longurova, G. Demboski, S, Jordeva, D. Andronikov, K. Mojsov, A. Janevski

because the responsiveness and access to cus-
tomers by the General Manager and the employees
in “Elviet” are at a higher level.

After calculating the "weight of the criteria"
and after determining the "weight coefficients of
the companies”, for each criterion the total
"weight" of potential suppliers is calculated. The
calculations for the total "weight" of potential
suppliers are given in Table 13.

Table 13
Calculation of the total "weight"
of potential suppliers
Criterion A B C
Quality 0x04=0 1x04=04 2x0.4=0.8

2x0.3=0.6 0x03=0 1x0.3=03
2x0.2=04 0x02=0 1x0.2=0.2
2x0.1=0.2 0x0.1=0 1x0.1=0.1

Procurement cost
Operational skills
Financial stability

Additional services 2x0=0 1x0=0 0x0=0

Total weight 1.2 0.4 1.4

Legend: A — Company "Coats" , B — Company "Elviet",
C — Company "Niko 2002"

The total "weight" of the companies is the
criterion according to which the companies are
ranked and on the basis of which the final selection
of the company with which cooperation will be
established as a supplier of thermoplastic inter-
lining for partial fixation of a men's shirt. The
company "Niko 2002" from Stip has the largest
"weight" and is ranked number 1.

100

N o) 00
o o o

N
o

Distribution in the criteria, %

A B
Company

1. Company "Niko 2002" from Stip.
2. Company “Coats* from Bulgaria.
3. Company “Elviet* from Stip.

For a simpler explanation of the impact of the
criteria in the overall "weight" of a company, that
is, in the final decision on the choice of the sup-
plier of thermoplastic interlining, the distribution
of the criteria in the total "weight" of each com-
pany are graphically presented in Figure 1.

Figure 1 shows that in the total "weight" of
the company "Niko 2002", which is also our choi-
ce for the supplier of thermoplastic interlining, the
quality of the offered interlining has the biggest
participation, 57.14%. In the total weight of this
company the criterion "costs" has a participation
of 21.43%, the criterion operational capability
14.29%, and the criterion of financial stability
7.14%.

The "Coats" company has a greater weight in
the "costs", "operational capability", and "finan-
cial stability" criteria compared to the company
“Niko 2002”, but in the criterion “quality” it has
no weight, i.e. the value for the weight of the
quality is 0. The total "weight" of the company
"Elviet" is formed only from the quality of the
thermoplastic interlining offered by this company.

From the above explanation, it is clear that
for the selection of a supplier of thermoplastic
interlining, as well as of some other auxiliary
material, the most important criterion to be satis-
fied is the quality. However, we should not rely
solely on quality, since the quality only is not
sufficient in choosing a supplier of thermoplastic
interlining, as is shown by the results of the ana-
lysis of the company "Elviet".

O Quality

B Costs

O Operational capability
DOFinancial stability

B Additional services

Fig. 1 Distribution of the criteria in the total "weight" of companies
A — Company "Coats", Bulgaria, B — Company "Elviet", Stip, C — Company "Niko 2002", Stip
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It should be noted that the standards for
testing the bonding strength and the quality
standards of ready-made clothing products do not
give the value of the minimum bonding strength.
The value of the minimum bonding strength of
200 cN/cm resulted from industrial practice.
Accordingly, the minimum bonding strength, in
most cases, for respective types of clothing will be
defined by the clothing manufacturer in the
product development process. In this sense, if the
bonding strength is not discussed in terms of the
mentioned minimum bonding strength, the
supplier “Coats”, as it shows by far the best as-
sessment for economic commercial performance,
would certainly be the first choice for a supplier.

CONCLUSION

The selection process and the decision which
supplier to choose for auxiliary materials in the
fashion industry, such as production of clothing, is
a rather complex process. In conditions of high
competition in this sector, the inclusion of engi-
neering and scientific methods is of great help in
forming a comprehensive assessment of the quali-
ty of suppliers. From the evaluation of potential
suppliers on the basis of the defined criteria, it can
be concluded that quality is the criterion that
usually has the largest participation in reaching the
final decision on the choice of the supplier.
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Nevertheless, in order to select an appropriate
supplier, other criteria must be taken into account
in order to obtain a complex assessment based on
multiple criteria.
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ADbstract: A very important issue in the leather industry is the use of a variety of chemicals that are harmful
if released into the environment especially the effluents that are released in the rivers. In the leather manufacture and
processing industry, a vaste amount of water is used where the quantity depends on the type and technological treatment
employed. Therefore, the effluents from the different treatments vary in the type and content of various chemicals. In
order to prevent the environmental pollution of the rivers-recipients of these effluents, it is necessary to develop and
employ appropriate waste water treatment procedures for their purification prior to release in the environment. In this
article, several concepts are suggested that may be employed for waste water treatment in the leather industry. These
concepts use both classical and modern methodologies for waste water treatment by handling the overall combined
effluent after homogenization and precipitation or by using separate treatments of effluents from different leather pro-
duction phases. Special attention in this study has been paid to the treatments for elimination of chromium and sulphides
from the waste waters from leather industry.

Key words: leather industry; waste water treatment; chromium; sulphides

TPETMAH HA OTITAJTHUTE BOJAH BO KOKAPCKATA HHAYCTPHUJA

A mcTpak T MHOry BaXHO Mpaliamke BO KOKapckata MHIYCTpHja € ynoTpebara Ha pasiuYHH XEMHCKH
CYICTaHIM KOHM Ce€ IITETHH JOKOJKY CE HCIyLITAaaT BO JKMBOTHATAa CPEIMHA, OCOOCHO aKo OTIAJHHWTE MaTepuH ce
UcIyITaaT Bo pekute. [Ipu Mpor3BOACTBOTO U MpepaboTyBavkaTa Ha KOXKa C€ KOPHCTH OTPOMHO KOJIMYECTBO BOJA,
IPHU IITO KOJWYECTBOTO 3aBHUCH OJ BUAOT Ha KOXKaTa W OJf MPUMEHETHOT TEXHOJOIIKA TPETMaH. 3aToa OTMaIHUTE
MaTepHH O] Pa3IMYHM TPETMAHU C€ PAa3IUKyBaaT MO BHIOT U COJIpP)KHHATA Ha Pa3IMYHHUTE XEMUCKH cyrncraHmu. Co
1T 72 Ce CIIPEYH 3aralyBambeTo Ha PEKUTE PEUNMCHTH Ha OBHE OTIIA[HA MATEPUH, HEOIIXOIHO € JIa Ce Pa3BHjarT U Ja
ce MPUMEHYBaaT COOBETHH IOCTAIKY 3a TPETMAaH Ha OTMAJHHUTE BOIY 38 HUBHO MPOYHCTYBAILE MPE UCITYIITARKETO
BO JKHBOTHATa cpearHa. Bo 0BOj Tpy[ ce mpeyiaraat HeKOJIKY KOHIENITH KOM MOXAT Jia Ce KOPUCTAT 3a TPETMaH Ha
OTHAJHUTE BOAM BO KOXapckara HMHAycTpuja. OBHE KOHIENTH THM KOPUCTAT M KIACHYHUTE M COBPEMEHHTE
METOOJIOTHH 33 TPETMaH Ha OTMaJHK BOAM IPH PAKyBabe CO LIEIIOKYITHUTE OTIAJHA MaTePHUH 110 XOMOTeHHU3alKja U
TaN0XEhe, WIH MTPH KOPUCTEHE Ha MOCCOHN TPETMAaHU HAa OTHATHUTE MATEPUHU O] PA3IHuHK (Ga3u Ha mpepadboTKara
Ha Koka. [ToceOHO BHMMaHHE BO OBa HCHHMTYBamE€ € MOCBETEHO Ha TPETMAaHHUTE 3a €JIMMHHALMja HA XPOMOT U
cyndumuTe 011 OTIAJHUTE BOJH O KOXKAPCKATa HHIYCTPH]a.

Kityunu 360poBHU: K0OXapcKa MHIYCTPH]ja; TPETMAH Ha OTIAJAHK BOJH; XpOM; Cyaduau

* This work was presented at the International Scientific Conference Green Development, Green Infrastructure, Green Technology - GREDIT2018,
22-25 March 2018, Skopje.
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1. AIMS AND BACKGROUND

Releasing harmful effluents into the environ-
ment especially into surface waters has been recog-
nized as the main environmental issue of the leather
industry [1-4]. Vast amount of technical water is
utilized in the leather manufacturing and individual
processes, and the quantity depends on the specific
type of processing and the technological proce-
dures. The leather treatment technology involves
several processes that are carried out in separate de-
partments that differ in the quantity of water needed.
The largest quantity of the water is used in the
phases of washing the leather.

The effluents obtained in the leather pro-
cessing procedures differ in the type and content of
chemicals used in the different leather processing
facilities. These effluents contain huge amounts of
inorganic chemicals, mostly NaCl, Ca(OH),, Na,S,
chromium salts etc. Also, in the phase of preparing
the leather for tanning, a lot of proteins and other
organic compounds come into the water effluent.
The main characteristics of the pooled aqueous ef-
fluent are the variable composition, high contents of
total solid, dissolved and suspended matter, spo-
radic high concentrations of chromium and sulfides,
high concentrations of chlorides and sulfates, sus-
ceptibility to biochemical degradation processes in
the presence of high organic matter contents, etc.
All these chemicals in the leather industry effluents
have an enormous negative environmental impact
[5-T7].

The quality of waste waters depends not only
on the technological process, but also on the nature
of the raw material that is being processed. For ex-
ample, when processing the calf leather there is
much higher concentration of organic matter in the
effluent compared to the effluent from cow leather
processing. On the other hand, the effluents from fur
processing facilities, compared to the ones from
leather processing ones, are less alkaline and do not
practically contain suphides. However, they have
the highest hydraulic and organic loading and the
highest chlorides content.

The main feature of the effluents from the
leather industry is the high concentration of solid
suspended and dissolved matter. The fraction of the
inorganic suspended matter is variable and specific
for every facility. Also, sulphides are sporadically
found in all effluents from the leather factories in
very high concentrations.

Trivalent chromium is permanently present in
the leather industry waste waters and it can seriously

harm the environment in such high concentration
[14, 8]. The hexavalent chromium that is several
times more toxic than the trivalent chromium is ad-
vantageously found in the waste waters in low con-
centrations.

The water temperature in the leather factories
is usually not above 30 °C [9, 10], whereas the pH
value is in the range between 6 and 9, and rarely
above 91, 2, 4, 10].

To protect the environment and the recipients
of the effluents from the leather processing industry,
it is necessary to apply different waste water clean-
up treatments before their releasing in the environ-
ment.

In this work data from the studies of the waste
water treatment in leather industry in the Republic
of Macedonia that were carried out in the period
when several leather factories were active: “Godel”
in Skopje, “KPK” in Kumanovo, “Metodija Mitev-
ski-Brico” in Del¢evo, “Dimko Mitrev” in Veles,
“Velur in Tetovo and “Kozara” in Bitola are pre-
sented. At the moment today only one leather fac-
tory, “Dimko Mitrev” in Veles, is still in working
condition. In our work, special attention was given
to the waste water treatment of the leather factories
in Del¢evo, Veles and Skopje. The offered solutions
for the improvement of the waste water treatment
give the opportunity to introduce processes for the
purification of the waste waters from one side, and
on the other to reuse some of the chemical sub-
stances used in certain technological processes in
the leather industry.

2. EXPERIMENTAL

Waste waters from various processes in the
leather factories of “Metodija Mitevski-Brico” from
Delcevo, “Dimko Mitrev” from Veles, and “Godel”
from Skopje were analyzed. The following parame-
ters were monitored: color, temperature, total dry
matter, total organic dry matter, total inorganic dry
matter, dissolved matter, dissolved organic matter,
dissolved inorganic matter, suspended matter, hard-
ness, electroconductivity, consumption of KMnOs,
chemical consumption of oxygen, anions (chlorides,
sulphates, nitrates, nitrites), phenols, Cr(VI), and
several cations (Ca, Co, Cr, Cu, Fe, K, Na, Mg, Mn,
Ni and Zn) (Table 1). All of the applied methods for
the analysis of the specified parameters are accor-
ding to the standardized analytical methods [11].

Mech. Eng. Sci. J., 36 (1), 7378 (2018)



Treatment of waste water in leather industry

Table 1.

Results from the analyses of collected waste waters from the leather industries
“Metodija Mitevski Brico”, Delcevo, ,, Dimko Mitrev”, Veles, and “Goce Delcev”, Skopje
(average values)

Parameter Delcevo Veles Skopje MPC*[12]
Turbidity Opaque Opaque Opaque No
Color White Gray-blue  Dark gray—blue No
Temperature, °C 25 19 17.6 30
pH 8.0 3.75 7.89 6.5-9.0
Total dry matters, mg/l 1730 22532 1567 -
Total organic dry matters, mg/1 726 2306 615 -
Total inorganic dry matters, mg/1 1004 20226 952 -
Dissolved matters, mg/l 1656 22335 1192 -
Dissolved organic matters, mg/l 674 2034 389 -
Dissolved inorganic matters, mg/1 982 20301 802 -
Suspended matters, mg/1 74 197 375 80
Hardness, dH® 35,2 36.2 19.9 -
Electroconductivity, mS/cm 1.33 243 1.77 -
Consumption of KMnOs, mg/1 632 937 499 -
Chemical consumption of oxygen, mg/l 1193 2121 759 125
Chlorides, mg/1 120 - 274 -
Sulphates, mg/1 13.6 - 147 500
Sulphides, mg/1 - - 341 0.5
Nitrites, mg/1 0.01 <0.01 <0.01 1
Nitrates, mg/1 8.25 <0.01 <0.01 2.0
Phenols, mg/1 1.46 <0.01 0.37 0.1
Total Cr, mg/l 0.10 108 101 1
Cr%, mg/l <0.001 0.70 0.002 0.1
Fe, ng/l <0.01 <0.01 8.01 2.0
Mn, pg/l <0.01 <0.1 0.32 2.0
Ca, mg/l 165 126 117 -
Mg, mg/l 52.5 37.5 15.5 -
Na, mg/l 2401 - 227 -
K, mg/l 5.59 - 9.44 -
Cu, pg/l <0.01 <0.1 4.53 0.5
Ni, pg/l <0.01 <0.1 9.43 0.5
Co, pg/l <0.01 <0.1 3.48 1
Zn, ng/l <1.0 <1.0 1.17 2.0

*MPC — Maximal permitted concentrations
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3. RESULTS AND DISCUSSION

The results given in Table 1 indicate that the
concentrations of many of the measured parameters
in the waste waters are much above the maximal
permitted concentrations that are also given in the
Table 1. This especially refers to the considerably
high concentration of total solid matter in the efflu-
ents including both inorganic and organic matter.
Additionally, very high concentrations of sulfides
and chromium have been detected, and in some
samples for Cr(VI) as well. Having these findings in
mind, special attention was paid to designing the
possible solution that would enable removing chro-
mium and sulfides from the effluents from the
leather industry facilities in Macedonia that could
be further used in other analogous industrial facili-
ties with similar effluents composition.

One of the specific measures that can be used
refers to chromium removal in the effluents and its
reuse in the leather tanning process. It is based on
separation and collection of the tanning solution,
precipitation of the chromium with alkaline solution
and reaction of the obtained chromium(III) hydrox-
ide with sulphuric acid. This process involves
collection of all used chromium tanning solutions in
a special pool with prior mechanically removing the
particulate matter by passing of the effluent through
a special colander. Precipitation of Cr(IIl) can be
carried out in the pool by adding a variety of
alkaline substances, according to the reaction given
by the following equation:

Crs(OH)12(SO4)s + 6MgO + 6H20 =
= 8Cr(OH); + 6MgSO4

There are different possibilities for using vari-
ous alkaline substances, but the best results have
been obtained by using magnesium oxide (MgO).
The dissolution and regeneration of chromium must
be performed with sufficient quantity of sulfuric
acid to obtain a solution that can be then reused in
the tanning process. On industrial scale, the collec-
tion and regeneration of chromium to be reused
would be carried out in such a way to firstly intro-
duce the used tanning solution from the tanning res-
ervoir through a special moving tube to the collec-
tion reservoir by passing through a special colander.
From the collection reservoir, the chromium solu-
tion is introduced in the reactor where the alkaline
magnesium oxide suspension is added, the reaction

mixture is thoroughly mixed and the reaction takes
about 1 hour. The mixing is then stopped and the
obtained chromium(III) hydroxide precipitates as a
compact deposit on the bottom of the reactor. To ob-
tain a more compact deposit, the reaction mixture
should be left for 3—4 hours. The clear solution
above the deposit can be removed using stop-cocks
on the reactor at different levels. The deposit is
drained by opening the stop-cock at the bottom of
the reactor. This dense suspension of Cr(OH); is
then introduced in a special reactor for regeneration
in which a sulfuric acid solution is then added. This
process is also performed with continuous mixing
with a mixer. After finishing with adding the H,SO4
solution, the reaction mixture is left to cool down to
room temperature (3—4 hours) and is then pumped
off in a special reservoir from which Cr(OH); can
be used again in the leather tanning process (Figure
1).

Analogously to the described removal of chro-
mium, a special procedure is here suggested as a
possible solution for oxidation of the sulfides from
the effluents after liming process. This solution is
based on collection of the effluent after liming in a
separate reservoir and elimination of the sulfides in
the waste by their catalytic oxidation with the ambi-
ent oxygen in the chemical reaction (Figure 2) given
by the following equation:

NazS + 202 =2Na2S04

It has been shown that best results are obtained
when using manganese(Il) sulfate (MnSO45H,0)
as the catalyst of this reaction.

Furthermore, highly contaminated effluents
are obtained in the other departments of the leather
and fur processing facilities. These waste waters
also contain various substances above the maximal
permitted values according to the regulation in
Macedonia. For that reason, it is absolutely
necessary to use suitable treatments for purification
of all the various waste water types obtained in the
leather industry before their release in the
environment. The optimal solution for this would be
to collect all the waters from all departments (not
only tanning and liming) in one reservoir and
combine them. The effluent after performed
oxidation of the sulfides should also be transferred
in this reservoir as well as the solution above the
deposit after precipitation of chromium as
chromium(III) hydroxide.
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4. CONCLUSION

In this work the results from the study of the
waste waters analyses in the leather industries in the
Republic of Macedonia. Special attention was given
to the waste water treatment of the leather factories
in Delc¢evo, Veles and Skopje. Particular notice was
paid to designing the proposed solutions that would
enable removing chromium and sulfides from the
effluents that could be further applied in other anal-
ogous industrial facilities with similar effluents
composition.
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THE OCCURRENCE OF THE NEGLECT OF THE VARDAR RIVER
AS A RISK FACTOR FOR THE SURVIVAL OF THE RIVER FLORA AND FAUNA
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A Dbstract: River currents in the Republic of Macedonia, by their nature, have a variable leak where the flows
from maximum to minimal depending on the seasons and hydro-meteorological conditions that govern in certain re-
gions where the watercourses are located vary in different time cycles. This variable river regime is followed by me-
dium leakage through which one can determine the variation in the leakage of one stream and the entire catchment area
monitored. The Republic of Macedonia belongs to the zone of semi-arid climatic characteristics. In the semi-arid cli-
matic feature, there is a distinctive time distribution of precipitation with clustering in rainy periods and long periods
of time without precipitation. Because to the direct dependence of the surface leakage from the realization of precipi-
tation, the non-power period is followed by a period of small water in the river network. The characteristic occurrence
is a low water level during the summer—autumn period in the year (July — October) and in the short winter period
(January — February) mainly caused by low temperatures, which enables the transformation of the temporary accumu-
lation of precipitation from rain in the snow.

Key words: low voltage periods; hydrological arrays; intermittent leaks; statistic data processing

IHOJABATA HA HAMAJIEHO HUBO HA BOJJA BO PEKATA BAPJIAP KAKO PU3UK-®AKTOP
3A OIICTAHOKOT HA PEYHATA ®JIOPA 1 ®PAYHA

AmncrpaxT: Peunure TokoBu Bo PenyOiinka MakemoHuja o CBojata MpUpo/ia MMaaT MPOMEHIIUBO
HHUBO Ha BOZIaTa OH/ICjKH BO PA3IMYHN BPEMEHCKH [IEPHOIU TOA CE MEHYBA O/ MAKCHMAJTHO 710 MUHIMAJTHO,
BO 3aBHCHOCT O/J] TOAMIIIHOTO BPEME U 0] XHJIPOMETEOPOJIOIKUTE YCIOBU KOH BlIajieaT BO PErHOHUTE KaJie
mTo ce Haoraat Bojgorenure. O] 0BOj IPOMEHIINB PEYCH PEXKUAM ce JOOWBA M CPEICH MPOTOK IMPEKY KOj
MOJKAaT JIa Ce OmpeaesiaT BapHjalliiuTe BO IIPOTOKOT HA €/IeH BOJOTEK, KAaKO M Ha IEJI0TO CIMBHO MOJpadje
KOe ce MOHHUTOpHUpa. PemmyOmika MakenoHmja criara BO 30HaTa CO CEMHUAPHUIHU KITMMATCKH KapaKTEPHUCTH-
ku. Bo ceMuapuiHaTa KIIMMaTcKa KapakTepUCTHKa TOCTOU KapaKTepHCTUYHA BpeMeHCKa pacrpeenba Ha
BPHEKUTE: BPHSKIIMBUTE MECEIIH | TOJITHTE BPEMEHCKH Ieproau 0e3 BpHexH. [lopaay nupeKTHaTa 3aBUC-
HOCT O] TIOBPIITUHCKHUTE BOJU KOW, TaK, 3aBHCAT OJ BPHEKHUTE, OC3BPHEKHUOT MEPUOJ] € MPOCIEICH CO
[IEPUO/T Ha HUCKO HUBO Ha BOJATa BO peyHara Mpeka. HUCKHOT BOIOCTOj HA PEKUTE € KAPAKTEPUCTHYCH 3a
MEePUOJOT JIETO—eCceH (jylu — OKTOMBpPU) M 3a KPAaTKHOT 3WMCKH Tiepuop (jaHyapu — QeBpyapH),
MPEIU3BUKAH TJIABHO OJ HHCKHTE TEMIICpATypH IITO OBO3MO)KYyBaaT NMpUBpPEMeHa TpaHchopmalmja Ha
BPHEKHUTE O] 0K BO CHET.

Kay4nu 360poBu: IEPHOIU HA HU30K BOJIOCTO]; XUJIPOJIOLIKH PEXHM; TPOMEHIIUB NPOTOK;
CTaTHCTHYKa 00paboTKa Ha MOJATOLN

INTRODUCTION and hydrometeorological conditions that govern in
certain regions where watercourses are located. This
changeable regime is followed by a mid-point
through which one can determine the variation in
the flow of a watercourse as well as the entire catch-
ment area to be monitored.

River flows in the Republic of Macedonia
have, by their nature, a variable flux in which, dur-
ing different cycles, changes are made from maxi-
mum to minimum depending on the yearly weather
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The hydrophilic phenomenon when in the natural
river flows there is a low water level, is a consequence
of a long period without backwater, where, on the
other hand, there are no infiltrations in the subsoil
from where you feed the water. In the same period,
the remaining components of the surface expiration
process act with a certain intensity. These compo-
nents are evaporation and evapotranspiration that
drains surface flows and humidity of the ground.

Watercourses with average water supply are
mainly supplied from underground reserves, which
accumulated in the previous wet period. Practically,
the whole period with no return is the drainage of
the waters from the catchment area.

Republic of Macedonia, belongs to the zone of
semi-arid climate characteristics. In the semi-solid
climate characteristic, there is a characteristic time
distribution of the returns with grouping in the
backward months and long periods of time without
backlash.

Due to the direct dependence of the surface ex-
pulsion from the realization of the returns, the non-
reliant period was passed with a period of small wa-
ter in the river network. The characteristic phenom-
ena of the low water level occur in the course of the
summer—autumn period in the year (July—October)
and the short winter period (January—February),
mainly caused by low temperatures, which enables
the transformation of the temporary accumulation
of rainfall returns [1].

In addition to the annual occurrence of small
water, we also have long-term flood events, which
are mainly due to the global hydrometeorological
changes in the western region of the Western Bal-
kans. Within the Republic of Macedonia there are
also local phenomena of low voltage, with their spe-
cificities, mainly caused by the volatile variability
of the returns and the characteristics of the space.

The phenomena of the periods of rivers low
water level in the Republic of Macedonia was a
subject of numerous studies and special attention
was paid to the river Vardar.

One of the first analyses of this phenomena
was completed within the period of 1924 to 1966.
May be considered to be less than O =20 m¥/s [1].

Table 1 shows the duration of the low water
level per day for the years studied and the minimum
flow that was registered at that time. The tabular
presentation refers to the Vardar river on the
measuring profile at the center of Skopje.

Table 1

Presentation refers to the Vardar river on the
measuring profile at the center of Skopje. [1]

Year Duration Qmin Days dura-
from — to (m?/s) tion
1925 7.7-23.12 14.6 131
1944 20.7-5.11 14.0 108
1946 17.7-29.9 15.1 75
1948/9 4.12-155 13.2 102
1950 2.7-2.10 133 94
1952 19.6-1.11 6.1 136
1956 23.7-2.11 10.1 103
1958 15.7-8.11 122 137
1961 23.7-12.10 144 81
1962 9.7-30.11 11.3 83
1966 24.7-1.11 113 101
METHOD AND MATERIALS

Also, it should be noted that the longest period
of mining in the Republic of Macedonia is the pe-
riod from 1988 to 1994, where as a direct conseq-
uence of this dry period of our two natural lakes, the
Prespa and Dojran, experienced its greatest decrease
in the level of water. The Dojran lake was on the job
of total destruction, and was saved only by direct
intervention of the human factor.

The negative consequences of the long drought
are enormous and affect the functioning of Vodos-
topanstvo. Almost all of the accumulations are com-
pletely emptied, restrictions on water supply are ap-
plied to some areas, the supply of water for irriga-
tion is limited, and many river and lake ecosystems
suffer from reusable damage.

In the recent studies of the low water level, it
was concluded that the level of the Vardar river is
reduced by 50% in relation to the mid-yearly flows,
whereas in the smaller rivers the level of water lev-
els is only 30% compared to the average annual
flows [1].

In the elaboration of this learned effort for the
effects of the low water level on the river ecosys-
tems, a detailed analysis of the water profile of
Radusa on the Vardar river was made. The choice
of the radius profile of Radusa is obtained according
to the following criteria:

Mech. Eng. Sci. J., 36, 1, 79-86 (2018)
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1. The water profile of Radusa is located in front
of the entrance to the Skopje basin and pro-
vides an opportunity for analysis of the varia-
tion of the waters in the Vardar river without
affectting the waters of the larger tributaries,
such as Treska and Lepenec.

2. The profile is located immediately after the
exit from the Derven Gorge, leading to the
damming of Rasce-1 and Rasce-2 from which
the water is supplied by the City of Skopje.

3. This profile can be considered as the border
between the regime of the flow of the Vardar
river from the mountainous to the flatland
river.

The geographical, morphological and hydro-
logical characteristics of the Radusa water profile
are as follows:

1. The water gauge profile of RaduSa, compris-
ing a drainage area of 4 = 1450 km”.

2. The average altitude is Hy-= 1128 m.

3. The average drop in the river bed is J = 25.20
%.

4. The coefficient of development of the water-
works has the value m = 1.5.

5. The altitude of the water meter profile is
317.57 m.V.V.

6. The specific flow of the Vardar river equals ¢
=17.4 (I/s)/km?.

7. The average annual flow of the Vardar river to

the water profile is 25.121 m¥s.

The mean minimum flow is 10.61 m®/s.

9. The average value of the minimum spending
for the entire period is O = 6.57 m%/s.

10. The absolute minimum flow that is measured
is O = 0.55 m’/s and it is measured in the
months of July and August in 1990.

*

In the analysis of the phenomenon of the Var-
dar river reef on the measuring profile of Radusa, a
hydrological string of a 41-year span was used for
the period from 1949 to 1990. The data processing
factor is set to the following three parameters:
1. Average per year for the analyzed period, Qavyr
(m>/s)
2. Minimum flows per year for the analyzed pe-
riod, Qav.min /yr (m3/ S).
3. The average value of the minimum flows, per
year for the analyzed period Omin (m?/s).
The traction application expressed in kg/s
through the Radusa profile.
Table 2 gives the average annual flows for a
total of 41 years, Quvyear (M*/S), Qavminyear (M/s),
Ohminav. (M*/s) and Qaps min (M?/s). [4].

Maw. unsc. nayu. ciiuc., 36, 1, 79-86 (2018)

Table 2

The average annual flows for a total of 41 years

Flow Average value for a set of 40 years
(m’/s)

Oav. 25.121

Qav.min 10.61

Onmin av. 6.57

Qoaps.min 0.55

For the processing of the three sets to obtain
the probable minimum flows that can be expected
on the waterfall profile of Radusa, the standard
methods of mathematical statistics are used, through
which the following values of the statistical param-
eters are obtained:

— The mean square deviation of the series S;,

G > ©-0.)
’ N-1

— Coefficient of variation C,,

C,=—x
Qav.

— Coefficient of asymmetry Cs,

C = Z( i_Qav.)3 )

W=D

The calculated values of the statistical param-
eters for the three worked strings are given in Table
3.

Table 3

The calculated values of the statistical parameters

Num. Trained row (m?/s) S Cy Cs
1 Q. 26.266 1.0455 1.08
2 Qav.min 12.062 1.137 1.27
3 Ominav. 4.016 0.6113 1.40

In the Figures 1, 2 and 3 the hydrographs of the
Vardar river water protection profile of the Radusa
water profile for the three treated strings, Quy. (m?/s),
Ouv.min (M*/s) and Qmin av. (M?/s) are given.
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With the application of the three faults from
the Territory of Probability, the minimal flows of
the Vardar river were obtained, through which the
distribution of the low water level can be viewed, at
certain intervals. The guilt through which the

distribution of the holders is obtained is:

1. Gambel curve.

2. Pirson curve of the III type.

3. Lognormal curve or Galton curve.

After the performed mathematical analysis, it
was concluded that only with the application of the

Pirson curve of the III type, satisfactory results were
obtained for the minimal flows recorded on the wa-
ter profile of Radusa on the Vardar river. In Table
4, the distribution of the minimum runs for the spec-
ified time intervals obtained by the following form
for the Pirson curve of type III [5]

Figure 4 gives a graphical representation of the
distribution of the minimum probabilities according
to the theory of probability, through the Pirson
curve of the III type.

Table 4
Calculation with Pirson curve of the Il type
Number P% P T Cy Cs (0]
(year) (m?/s)

1 0.01 0.0001 10000 0.6113 1.40 34.16
2 0.1 0.001 1000 0.6113 1.40 27.013
3 1 0.01 100 0.6113 1.40 19.7
4 5 0.05 20 0.6113 1.40 14.36
5 10 0.1 10 0.6113 1.40 11.951
6 20 0.2 5 0.6113 1.40 9.42
7 50 0.5 2 0.6113 1.40 5.686
8 80 0.8 1.25 0.6113 1.40 3.23
9 90 0.9 1.111 0.6113 1.40 2.393
10 95 0.95 1.05 0.6113 1.40 1.87
11 99 0.99 1.01 0.6113 1.40 1.349
12 99.9 0.999 1.001 0.6113 1.40 0.987

40

35 34,16

y =0,3521x% - 7,4114x + 40,11

30 R*=10,9933
\27 013
y AN
N%l
10 9,42
5 5. 686
0 T T T T t '9\87

4

Fig. 4. Grapfic interpretation of probability curve
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From the performed analysis, it can be con-
cluded that the absolute minimum flow rate rec-
orded on the water profile Q = 0.55 m%/s, in the
months of July and August 1990, is included in the
fault as an expected regular occurrence, which only
confirms the thesis that the appearances the malev-
olence is the beginning of a phenomenon that has its
own negative consequences. The minimum average
annual flow rate of Q = 6.57 m*/s corresponds to the
occurrence of occurrence between two and five
years, i.e. it has somewhat higher value on the basis
of the two-year Q = 6.57 > 5.686 m*/s. The mathe-
matical interpretation of the curve of the flow ac-
cording to the time distribution of the minimum ex-
pansions is as follows:

0=03521H* -7.4114H +40.11m’-s™

with the coefficient of the Krivolin regression of
R =0.9933.

The watermelon profile of Radusa also ob-
tained a specific swelling that equals ¢ = 17.4
(I/s)/km?. Through the specific sweep, it is possible
to calculate the effective rains that enable the
maintenance of the Vardar river along the Radusa
water profile. The specific swelling is defined by the

Q

following form: g == s™'/km’. The effective rain-

fall for the water profile is obtained according to the
Wyear mm

following form: .
A year

Table 5 gives the values of the effective rains
for the average values for the period of the three
characteristic years, as follows:

1. The average year is a flow of
0 =25.200 m%/s.

2. The drought year is an average of
0 =13.369 m%s.

3. The dry season is a flow of
0=18.912 m’s.

Table 5 shows the massive decline in the effec-
tive rains in certain time periods (calendar years),
on the occurrence of drought periods such as the
second half of the eighties of the last century.

From the analysis of the effective incomes, it
can be concluded that the percentage of the decrease
in the middle-year returns relative to the middle-
year year equals P = 46.95%, while the percentage
of the decrease in the middle-year returns relative to
the drought year equals P = 64.63%.

Reduction of the backbones directly influences
the appearance of the mallee of the rivers and is re-
flected through the small water level of the rivers.

Table 5

Massive decline in the effective rains
in certain time periods

Num. Calendar (0] w A Pet
year (m¥/s)  (m’/year) (km?) (mm/year)

1 1982 25.200 794707200 1450 548.07
2 1988 13.369 421604784 1450 290.76
3 1990 8912 281048832 1450 193.83

As an illustration of the direct dependence on
the appearance of the low water level from the
abundance of rainfall in Table 6, the data on the
effective rainfall for the four hydrological years will
be given where the occasional rainfall for the
1967/68, 1968/69, 1969/70 and 1970/71 years with
measured evapotranspiration, i.e. the mean values
for the catchment area of the Vardar river with the
water profile of Radusa.

Table 6

Measured evapotranspiration

Num. A Pet Pisp A Prortion
(km?)  (mm/year) (mm/year) (km?) (%)

1 1967/68 1450 882 436 4943

2 1968/69 1450 946 406 4292

3 1969/70 1450 1069 591 55.28

4 1970/71 1450 1017 400  39.33

Among the tables 5 and 6, the differences be-
tween the maximum and the minimum returns for
the water profile are shown clearly in the tables be-
tween the maximal annual returns and the minimum
returns,

Foin 19383 _ 10130,
P, 1069

max

100—-18.13=81.87 %,

The real difference is between the maximum
and minimum annual returns.

When the malodorous appearance of the appli-
cation through the water profile is closed, the trac-
tion force of the water is correct and can not
transport the application.

According to the measurements of the applica-
tion through the water profile of Radusa during the
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mean annual flow rate is N = 5.695 kg/s, while at
the minimum flow rate the suspended application
moves in the boundaries between N=0.513 kg/s and
N = 0.0 kg/s. In contrast to the minimum pene-
tration, the linear radius profile of Radusa increased
the maximum permeability to Nmax = 999.0 kg/s.

In Figures 5, 6 and 7, the graphic presentations
of the deposit will be given along the Radusa water
profile for the period from 1970 to 1989, i.e. for a
period of 20 years.

In Figure 5, the graph of the minimal penetra-
tion along the water profile of Radusa moves within
the boundaries between Nmin = 0.00 and 0.513 kg/s.

Figure 6 shows the graph of the medium-year
penetration of the sediments through the water pro-
file of Radusa, which moves within the boundaries
between Nmin =0.311 and 15.61 kg/s.

The Figure 7 shows the graph of the maximum
penetration of the Radusa water flow profile, which
moves within the boundaries between Npax = 1.320
and 999.0 k/s.

0,6
y = 2E-06x° - 0,0001x° + 0,0028x* - 0,0299x3 + 0,15‘29x2 -
0,5 0,3217x + 0,2094 l
0,4 R2= O,EKél
0,3 ﬂ —o— Seriesl
02 X / \ A // —— Poly. (Series1)
O Av\_w v T T T 1
01 0 5 10 15 20 25
Fig. 5. Maximal flow of sediment
20 - = 5E- - 54 7x*-0,1358x3 + 1,1334x2 -
2,0948x
15 L R2 = 0,';732
10 A —o—Serijesl
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0 5 10 15 20 25
-5
Fig. 6 Average flow of sediment
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Fig. 7. Minimal flow of sediment
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The yield of the suspended application along
the water-gauge profile of Radusa, in the period of
the low water, equals

Ny 0513

min

N, 5.695

av.
This percentage correlates to a very small
amount of application that permeates the water
profile.

=0.09=9 %.

These amounts of application are too small to
be able to provide regular oxygen supply and food
for river flora and fauna. Likewise, with the slight-
est release of contaminants in the water, we can ex-
pect complete toxication of river water.

The river flora and fauna, under conditions of
the low water level, is exposed to the diverse effect
of the polluted water, where small flows can not
provide the self-adhesion process.

From the performed analysis in the three
strings, Qs (M%/s), Qumin (M*/s) and Omin & (M*/s),
positive results were obtained only for Qmin s (m/s),
i.e. for the minimum mean only Pirson curve is of
the type III, while the other curves produce negative
values for survival with a probability greater than
P =90%.

CONCLUSIONS FROM THE CONDUCTED
ANALYSIS

In this scientific work, the phenomena of the
Vardar river waterfall on the water profile of Radusa
were analyzed. For the needs of the analysis, a hy-
drological series in the length of 41 years was used
for the period from 1949 to 1990. From the attached
series were obtained three lines of water flowing:

e Average per year for the analyzed period, Qs
(m3/s).

e Minimum flows per year for the analyzed pe-
riod, er[nin/yr (m3/ S).

e The average value of the minimum flows per
year for the analyzed period Qmin (m?/s).

The traction application expressed in kg/s
through the Radusa profile.

After the hydrological and statistical analysis
was carried out, the following conclusions were
drawn:

The rivers which last for two months in a year,
are now increasing to three to four months,
during the year.

The cultivated chain of 41 years shows the ten-
dency to increase the dry periods and, therefore,
to prolonged periods of mining.

The processed string was analyzed with three
probability curves, from which the most suita-
ble curve for the time distribution of small pas-
sages gives the Pirson curve of the III type.

4. According to the obtained results from the

analysis, it can be concluded that at the flow rate
0 = 10 m’/s, the water profile of Radusa can be
considered as the beginning of the period of the
low-flow.

Effective rains resulting from the analysis of the
water flow profile show a large drop in the
water balance, which points to serious problems
that occur with the malevolence in river
ecosystems.

The yield of the suspended application has been
observed in the periods of the low water level
and can reach up to N = 0.0 kg/s, i.e. in general,
there is no transport of the application along the
river bed.

All these occur very negatively affecting the
survival of the river flora and fauna in the Var-
dar river, and pose a potential threat to the de-
struction of the living world in the river.
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