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Abstract

The Republic of Serbia is in the group of European countries, which have evident problems regarding
the wastewater treatment. The main goal of the entire research is to point out the future of the process
organization, as well as the correlation between the conduction of a concept of business processes and
achieved performances management, based on a specific example of wastewater treatment. For the
process of wastewater treatment, this paper will represent a “AS-IS” model that was applied in the
conditions of functional organizational structure, and a “TO-BE” model, which was applied within the
process orientation. For both of the models a review of the achieved parameters will be given, obtained
by the application of the mentioned models. The given parameters indicate the presence of pollutants in
wastewater after the conducted treatment process, with a description on how it reflected on the risk of
environmental pollution. The innovated model of wastewater treatment achieves significantly better
results, which is of great importance for environmental protection. Concrete evidence of the increase of
chemical oxygen demand (COD), biological oxygen demand (BOD), total nitrogen (TN), total
phosphorus (TP), total suspended solids (TSS) removal with the use of these models is shown in this

paper.
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1. INTRODUCTION importance for the life on planet Earth. This
is why the subject of this paper deserves

Drinking  water  production and special attention from society. According to
wastewater treatment are both of crucial OUN data, 1.5 billion people do not have
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access to clean drinking water and in the next
25 years this number will increase to 5.4
billion (Piukovi¢ Babickovi¢ et al., 2016).
These data point to a certain global problem,
which has to be solved in a thoughtful,
planned and organized way.

Public enterprises engaged in the
wastewater treatment in the Republic of
Serbia face many problems. According to the
fiscal strategy for the year 2017, which was
adopted by the Republic of Serbia
government, the operations of public
enterprises were a significant source of fiscal
risks, both the budget revenues and on the
expenditure side. However, public
enterprises face many problems in their
operations, from debt collection to full
settlement of obligations to creditors, the
state and employees.

In the Program of economic reforms for
the period 2017-2019, which was approved
by the Government of the Republic of
Serbia, in the field of research and
innovation, they identified several key
problems. These are low total funds for
science and research, highly educated
population leaving the country, insufficient
cooperation between science and economy
about innovative projects, lack of
institutional framework for the support to
innovation, etc.

The Republic of Serbia is in the group of
European countries that continuously meet
many problems concerning the wastewater
treatment and the great risk of environmental
pollution. According to the Strategy of
Wastewater Management for the period
2010-2019, passed by the government of the
Republic of Serbia, only 46% of households
are connected to sewage system, while the
amount of municipal wastewater is 363.1
million m3 annually. A devastating data is
that of the total amount of wastewater 5.3%
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is only treated in a proper way, while the
generated sludge after the wastewater
treatment is disposed of in landfills (Official
Gazette of RS no. 29/10). All of these point
out the great risk of environmental pollution.
Due to all mentioned above, the need of
accepting new skills, new technologies,
innovation in organization and managing
enterprises, should be evident to our water
treating enterprises (Ahmetagic¢ et al., 2011).
Events management, as a field of industrial
practice, can be defined as organization and
coordination of activities necessary for
achieving the event goals (Bladen et al.,
2012).

2. THEORETICAL BACKGROUND

2.1. Introduction of a Process Approach
in Organization

Recognized world theorist Drucker points
out that organization must be a key subject of
changes, while the most effective way to
manage changes successfully is that changes
initiate by themselves (Drucker, 2005).
Porter M.E. (1985) emphasized the need for
managing processes, as well as the need for
tracking and measuring the set goals, at the
level of a whole process and sub-processes,
activities and specific tasks. When moving to
process orientation, managers need to
conduct serious analyzes to determine the
aspects of process performance by indicators
that are most relevant to achieving overall
organizational goals (Hammer & Stanton,
2001).

Owing to the essential shortage of
functional access, which reflects in control
rigidity, absence of innovation, as well as in
the conflict with the projected tasks, the
process approach is becoming more and
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more popular in management (Kravéenko &
Mesalnik, 2011). The evolution of an
enterprise and in general of all institutions,
regardless of whether it is a profitable or
non-profit organization, leads to the
introduction of a  process-oriented
organization (Crosetto & Macazaga, 2005).
Processes play a central role in the
organizational system because they associate
other components of the organization
(Burlton, 2001). There is a very different
perspective of business process observation
and an extremely wide range of techniques
and tools used in the process organization
(Darnton & Darnton, 1997).

The process orientation is a main tool for
the process evaluation and studying the
methods in which processes can be created,
restructured and managed in order to
improve performances (Anupindi et al.,
2012).

For many organizations, the Business
Process Management (BPM) is one of the
most important subjects, because it is a
concept that, if adopted successfully, can
bring significant benefits to an organization,
such as better understanding of business
processes, a higher level of control, and
significantly better achieved business results
(Buh et al., 2015). Due to the popularity of
the very concept of business processes, many
companies are called process-oriented
(Haggstrom & Oscarsson, 2001), But the
process orientation, in addition to being a
great opportunity for the organization, also
requires a complete engagement of
management, without which the process
initiatives do not achieve the expected result
(Lindfors, 2003). The fundamental changes
in business processes affect many other parts
and aspects of the organization - in fact, on
all of its parts (Hammer & Champy, 2004).

In order to evaluate and improve business
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processes performances, it is important to
measure it quantitatively. Managing business
processes implies the management according
to defined performances. Binner (2011)
pointed out new managerial occupations
necessary for the successful realization of a
concept of business processes management,
which already exist in the Anglo-Saxon
world. These are business process analysts
(Business Analyst) and business process
trainers (Business Process Professional). The
performances are target values that are
defined by management or the business
processes analysts, and management and
method of realization of those is in the field
of the business processes professionals, i.e.
the managerial process teams, which include
the owners of key processes and sub-
processes (Ahmetagi¢ et al.,, 2012). In
realization of the business process,
managerial concept employees get new roles
or the current roles change significantly
(Eicker et al., 2008). Management of key
processes is possible to realise only if there
exists a cross-functional cooperation
between managers from all parts of the
process. This is achieved by forming a team
of process managers that consists of persons
in different parts of the process, who ought to
have knowledge of their own work
processes, as well as jurisdiction to change
the work methods within their own functions
(Rentzhog, 2000).

Adequate implementation of the business
processes management in enterprises that are
engaged in wastewater treatment, would
result in the continuous management of
business processes, which would realise
through constant monitoring and evaluation
of the processes, implementation of redesign
and the achievement of better performances.
Everything previously mentioned is
invaluable for environmental protection,
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without adequate control and monitoring of
the wastewater treatment process. Only
careful control and monitoring of the process
will give the specified values.

2.2. Wastewater Treatment by the Use
of “AS-IS” model

In the enterprise PUC' , Waterworks &
Sewerage Subotica, an overview was done
of the wastewater treatment process. The
results achieved by the use of ,,AS-IS*“ model
in the period 1995-2009, while the enterprise
was functionally organized, are given in
table 1. The process of wastewater treatment
comprised three sub-processes:

(1) Wastewater disposal;

(2) Mechanical treatment of wastewater;

(3) Biological treatment of wastewater.

B. Piukovi¢ Babickovi¢ / SIM 15 (1) (2020) 127 - 142

The analysis of achieved performances of
wastewater treatment by the use of ,,AS-IS”
model shows the increased risk regarding
environmental pollution. Many obstacles,
imperfections and problems have been noted
in realisation of the business process. The
biggest problem was the fact that the treated
wastewater did not meet the required
standards. The recipient of the discharged
effluent is Lake Palic, which suffered greatly,
as the discharged water contributed to its
pollution. A review of achieved
performances by the use of ,,AS-IS” model
in the period from 1995-2009, is given in
table 1.

COD: Chemical Oxygen Demand - a
measure of the capacity of water to consume
oxygen during the decomposition of organic
matter and the oxidation of inorganic
chemicals such as ammonia and nitrite

Table 1. Achieved percentages of deposition from waste water by the use of “AS-1S model”
Source: PUC "Wasterworks&Sewerage” Subotica, 2017

Year COD BOD Total nitrogen Total phosphorus Suspended solids
(regulated (regulated (regulated removal (regulated (regulated removal
efficiency efficiency efficiency removal efficiency 90 %)

75%) 70-90%) 70-80%) efficiency 80%)
Achieved Achieved Achieved removal  Achieved removal Achieved removal
efficiency efficiency efficiency efficiency efficiency
% % % % %

1995 64.73 75.47 22.76 31.76 -

1996 76.03 72.03 13.39 18.45 -

1997 86.50 85.83 21.67 31.21 -

1998 74.54 84.84 21.46 18.75 -

1999 90.28 88.45 2143 30.58 -

2000 78.28 87.44 26.78 35.88 -

2001 77.33 85.41 27.01 30.00 -

2002 78.30 85.86 24.55 30.76 -

2003 81.43 89.89 30.72 37.58 80.00

2004 78.63 89.69 24.88 37.03 77.85

2005 82.11 90.88 26.38 42.74 86.47

2006 80.78 92.64 26.93 38.67 87.00

2007 81.51 91.05 29.72 42.32 83.01

2008 81.69 91.71 29.64 48.48 84.71

2009 - 92.75 48.07 55.88 -

1 pUC - Public Utility Company
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BOD: Biological Oxygen Demand - a
measure of oxygen-demanding strength of
wastewaters, measuring the amount of
oxygen consumed by microbial oxidation
and is most relevant to waters rich in organic
matter

A review of the achieved removal
efficiency of the five most important matters
from wastewater, in regard to a regulated
removal efficiency is given in the table 1. It
is clearly seen that during the presented
period of 15 years, the efficiency of the
wastewater treatment was not as high as the
standards required. During this period, only
some of the five key parameters were
measured, as can be seen in table 1. It is clear
that the process was not monitored
adequately. In addition, the sludge produced
during the wastewater treatment process was
not treated, but only disposed in liquid form.
Although the sludge is a potential threat for
the environment, less attention is paid to its
treatment than to the wastewater treatment
process (Naumenko, 2012).

2.3. The use of Innovated *“To-Be”
Model for Wastewater Treatment

In order to eliminate shortcomings and
causes of organizational poor performances,
besides changes focused on the structural
elements of organization, it is necessary to
observe an organization as a network of
business processes, and according to
implemented process analysis to implement
changes and the improvement of business
processes (Janic¢ijevi¢, 2010). Nanz (2011)
pointed out that there is a requirement to
implement an analysis of project
environment, clearly defined demarcation,
the scope and content of a project, and
pointed out that conditions have to be known
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in advance, and not to be defined during the
project. According to O. Rentzhog (2000), it
is necessary to divide the process into logical
parts in order to understand the current
process and the way it works. In accordance
with the previously mentioned after the
implemented analysis the innovated ,,TO-
BE* model was defined.

The innovated process of wastewater
treatment comprises a water line and a
sludge line.

The water line was changed and greatly
improved to ensure a more efficient
wastewater treatment. The treatment process
is comprised of the following sub-processes:

(1) Wastewater disposal

(2) Mechanical treatment of wastewater

(3) Biological treatment of wastewater.

The sludge line represents the treatment
of primary and secondary sludge removed
from the wastewater treatment process:

(I) Primary and secondary sludge
thickening

(2) Anaerobic digestion of sludge

(3) Energy production.

The innovated process is monitored and
controlled by the SCADA system
(Supervisory Control and Data Acquisition -
SCADA). Ostroff (1999) has pointed out the
significance of information technology and
its use in a process-oriented organization,
while it provides easier, simpler and faster
monitoring and process operation. Thanks to
the use and support of IT system, enterprises
and specialized departments can focus better
to its basic processes and competences, and a
faster information flow was provided, which
has led to the process improvement and
development of competitive advantage
(Kuhn, 2011). For this reason, monitoring
the process of wastewater treatment by the
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SCADA system records is an important
progress compared to the previous method of
monitoring and documenting of business
process (Piukovi¢ Babickovic¢ et al., 2016).

Innovation in sub-processes of the
wastewater  treatment and in  the
measurements carried out during all these
activities, resulted in a more efficient
treatment process. All these improvements
are now followed and recorded continuously
in a modern way, by the SCADA system.

Better monitoring and control in the sub-
processes were possible due to clearly
specified performance values, units of
measures, initial values, target values,
frequency of  measurements and
measuring/control points.

In the innovated process of wastewater
treatment, the output from the process is
treated wastewater, absolutely in accordance
with the regulated standards. In order to
decrease the risk from environmental
pollution, in this innovated process of
wastewater treatment special attention is
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paid to sludge. Therefore the following has
to be done: primary sludge thickening in a
gravity  thickener, secondary sludge
thickening on a gravity belt thickener,
anaerobic sludge digestion of the thickened
sludge for sludge stabilization, biogas
production, use of biogas for energy
production in a gas engine, dewatering of
stabilized sludge on a belt filter press. The
product from the sub-process is stabilized
sludge with 20% of dry matter and biogas.
The measurements include wastewater
quantity and quality, and the dry matter
contents of the sludge produced in the
treatment process. Online measurements are
also used for anaerobic sludge digestion
control, during sludge stabilization and
biogas production. The quality and quantity
of the produced biogas are both very
important, because of the gas engines (CHP
units’) used at the wastewater treatment
plant. These engines use the biogas from the
process and produce electrical and thermal
energy, both of which are used in the

Table 2. Achieved efficiencies using the ,, TO-BE“ model — annual averages

Year COoD BOD Total nitrogen  Total phosphorus  Suspended matter
(Regulated (Regulated (Regulated (Regulated removal (Regulated removal
efficiency 75%) efficiency 70- removal efficiency efficiency 80%) efficiency 90 %)
90%) 70-80%)
Achieved removal Achieved removal Achieved removal Achieved removal Achieved removal
efficiency efficiency efficiency efficiency efficiency
% % % % %
2010 92.17 96.33 65.23 76.06 95.68
2011 93.32 97.33 75.54 89.99 97.23
2012 95.35 97.53 77.00 93.25 97.74
2013 94.01 97.57 80.85 88.08 96.61
2014 96.56 98.45 85.38 92.03 98.20
2015 95.16 98.30 86.53 93.06 97.47
2016 95.51 98.26 85.03 94.57 97.85

2 CHP — Combined heat and power unit
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treatment process. The electrical energy
obtains about 50% of the total consumption
of this energy of the plant intended for
wastewater treatment, and this means a
significant saving for the enterprise
(Piukovi¢ Babickovi¢ et al., 2016).

In the specific enterprise, where research
has been carried out since 2000, the first
steps have been taken towards the
introduction of process organizational
structure, and therefore in accordance with
the mentioned, the identification and
definition of business processes. Regarding
the wastewater treatment, this enterprise has
achieved significant results by the use of
innovated process of wastewater treatment,
while meeting all the necessary terms for
obtaining the ISO quality standards. In the
next table, results achieved in the period
from 2010 to 2016 are presented.

3. COMPARATIVE ANALYSIS OF THE
TRADITIONAL AND THE INNOVATED
WASTEWATER TREATMENT
PROCESSES

Data presented in Tables 1. and 2 point to
the conclusion that the implementation of the
“TO-BE” model achieves better results
compared to the use of the “AS-IS” model,
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and values are mainly over the desired
minimal-regulated values of removal.
Application of the “TO-BE” model
contributes to environmental protection for
the outcomes are purified water meeting
required standards, stabilized sludge
containing 20% of dry matter and electric
and thermal energy.

Comparative analysis of performances of
using these two models was accomplished by
testing the difference between the means of
the given five indicators, namely between
data for the period 2010-2016 (“TO-BE”
model) and data for the period 1995-2009
(“AS-IS” model). For two indicators - COD
and suspended matters- the analysis was
performed for shorter period due to missing
data. Testing results are shown in the next
tables. Statistically significant 1is the
difference between means for the error term
less than 0.05 and statistically highly
significant for the error term less than 0.01.

All  the five indicators show
improvement: t-statistics are greater than
critical values, and probabilities are less than
0.01. It can be concluded that the average
values of achieved efficiency in water
purification process statistically highly
significantly greater when applying the
innovative “TO-BE” model compared to the
application of the traditional “AS-IS” model.

Table 3. Difference between means of achieved efficiency for COD in the periods 1995-

2009 and 2010-2016

No Statistics

Period and applied model

Number of observations (n;)
Average value (X;)

Standard deviation (G;)
Difference between means

Test statistics (t)
Error term - probability (p)

NN L kW N =

Standard error of difference (Si.2)

1995-2009 2010-2016
,,AS-IS* ,,TO-BE*
14 7
79.44 94.58

5.88 1.50
15.14
227
6.67

0.0000
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Table 4. Difference between means of achieved efficiency for BOD in the periods 1995-

2009 and 2010-2016

No Statistics Period and applied model
1995-2009 2010-2016
“AS-1S* “TO-BE*
1 Number of observations (n;) 15 7
2 Average value (X;) 86.93 97.68
3 Standard deviation (c;) 6.00 0.74
4 Difference between means 10.75
5 Standard error of difference (S;.) 2.30
6 Test statistics (t) 4.67
7 Error term - probability (p) 0.0001

Table 5. Difference between means of achieved removal efficiency for nitrogen in the

periods 1995-2009 and 2010-2016

No Statistics Period and applied model
1995-2009 2010-2016
“AS-1S* “TO-BE*
1 Number of observations (n;) 15 7
2 Average value (ii ) 26.36 79.36
3 Standard deviation (G;) 7.42 7.55
4 Difference between means 53.00
5 Standard error of difference (Si.,) 3.41
6 Test statistics (t) 15.53
7 Error term - probability (p) 0.0000

Table 6. Difference between means of achieved removal efficiency for phosphorus in the

periods 1995-2009 and 2010-2016

No Statistics Period and applied model
1995-2009 2010-2016
“AS-IS* “TO-BE*
1 Number of observations (n;) 15 7
2 Average value (ii ) 35.34 89.58
3 Standard deviation (c;) 9.93 6.35
4 Difference between means 54.24
5 Standard error of difference (S;.,) 4.12
6 Test statistics (t) 13.16
7 Error term - probability (p) 0.0000

This applies to all five indicators. The highest
relative improvement was achieved related to
nitrogen (201%) and phosphorus (153%).
Despite the lower improvement with
suspended matter removal (17%), this result
is also important, for values being under the
regulated efficiency in every year of

application of the traditional model became
higher than minimally required using the
innovative model. COD and BOD
efficiencies showed improvement as well
(19% and 12%) although earlier years’
performances were inside the required
boundaries.
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Table 7. Difference between means of achieved removal efficiency for suspended matters in

the periods 1995-2009 and 2010-2016

No Statistics Period and applied model
2003-2008* 2010-2016
“AS-1S“ “TO-BE*
1 Number of observations (n;) 6 7
2 Average value (X;) 83.17 97.25
3 Standard deviation (G;) 3.64 0.86
4 Difference between means 14.08
5 Standard error of difference (S;.,) 1.41
6 Test statistics (t) 9.99
7  Error term - probability (p) 0.0000

* Data for 1995-2002 and 2009 not available

4. DYNAMIC ANALYSIS OF
PERFORMANCES OF THE
INNOVATED WASTEWATER
PURIFICATION PROCESS

Tracking of wastewater purification
process and  measuring  achieved
performances were accomplished using the
SCADA system. For the total period of the
implementation of the “TO-BE” innovative
system, there are precise monthly data about
the results of water purification and achieved
efficiency.

In the next figures, diagrams of monthly
values of input and output for COD, BOD,
nitrogen, phosphorus and suspended matter
are given respectively. Data are given for
every of 84 months of the observed seven-
year period 2010-2016. In the diagrams, the
horizontal axis shows periods (months), in
the left-hand side vertical axis there are units
of input values given, and in the right-hand
side vertical axis units for output values are
shown. A horizontal fine line illustrates the
required goal value of the output, input
values are given with dotted polygonal line
and a bold polygonal line represents output
values.

The measured values of inputs and
outputs of all the observed performances

have noteworthy variations from month to
month. Varation coefficinets (equalling
proportion of standard deviation and
average) have relatively high values, as
shown in the next table.

High values of variation coefficients are
result of strong variations as in input so in
output values, particularly of presence of
extreme input and output values. We
explored and found extreme values applying
Grubbs’ test (Grubbs, 1969) with p=0.05 and
degrees of freedom n — 2 = §2.

Test statistics:

Ymax B Y
(o)

G=

(1

where Y., is the maximal observed value in

max
the given sample, is the average and Y is the
standard deviation.

Critical test value is computed by the
formula:

n—1 (ta/n,n—Z )2

Jn n—2+(t

2)

aln,n-2 )

where n is the number of observations in the
sample, 7,,, n—2 is the critical value of #-
distribution at significance level a/n and with
degrees of freedom n — 2.



136 B. Piukovi¢ Babickovi¢ / SIM 15 (1) (2020) 127 - 142

1 4 7 10131619 222528 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82

.........

Goal value

Output

3000 - - 200
L 180
2500 - : ’ pre
i3 I
2000 - in A0
3 g2 - 120
5 : 3 :
2 1500 - i 3 - 100
= i S ;
1000 :
500
0

Output

Figure 1. Monthly values of COD input and output (mg/l), 2010-2016

Input

e

sssssens
Sssssssssennecsns

1000 - - 25
900 A i
800 : 20
700 ; :

1 4 7 10131619 222528 3134374043 4649 525558 616467 7073 7679 82

---------

Goal value

Output

Output

Figure 2. Monthly values of BOD input and output (mg/l), 2010-2016




B. Piukovi¢ Babickovi¢ / SIM 15 (1) (2020) 127 - 142

137

N
Priviave

Input

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82
Input Goal value Output Linear (Output)

.........

Figure 3. Monthly values of nitrogen input and output (mg/l), 2010-2016 dashed line represents
significant decreasing trend of nitrogen output values

PRlIVIIves

Output

- f 1-0

ssscsssedenees

0.0
1 4 7 10131619 22 25 28 31 34 3740434649 525558616467 70737679 82

Goal value

Output

Figure 4. Monthly values of phosphorus input and output (mg/l), 2010-2016



138 B. Piukovié¢ Babickovié / SIM 15 (1) (2020) 127 - 142

1600 -
1400 -
1200 A

1000

50

eIV Ivee
T

40

A AAALEEERNE

Input

800

600

400

200

Output

.........

1 4 7 10 13 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 70 73 76 79 82

Goal value

Output

Figure 5. Monthly values of suspended matter input and output (mg/l), 2010-2016

Table 8. Variation coefficients of inputs and outputs of measured performances
No. Indicator Average (mg/l) Standard deviation (mg/l) Variation coefficient (%)
1L COD - input 719.84 420.12 58.4%
10. COD - output 36.91 18.05 48.9%
21 BOD - input 259.81 133.62 51.4%
20. BOD - output 5.63 2.63 46.8%
3L Nitrogen - input 50.26 15.03 29.9%
30. Nitrogen - output 9.97 2.74 27.5%
41. Phosphorus - input 8.33 4.40 52.9%
40. Phosphorus - output 0.80 0.49 61.2%
5L Suspended matter - input 467.15 310.93 66.6%
50. Suspended matter - output 12.18 5.40 44.3%

If the calculated G value exceeds the
critical value of the test, than we reject the
null hypothesis and conclude that there is at
least one significant maximal value over the
average of the total period, which leads to
alternation of all statistical results for they do
not fit to the level of the set of other data. The
test can be performed step-by-step, i.e. after
excluding the first highest wvalue, the
procedure is repeated for the next highest
value and so on. In our case, two extreme

values were evidenced in the data series. For
the complete data set the critical value of the
Grubbs’ test was 3.149, and after excluding
the first highest value the critical value was
3.145.

When observing input of different
chemicals into the purification process,
extreme values are of special interest,
because the exploration of their causes is
necessary, and one has to find out if there is
any regular occurrence, or especially some
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periodical/seasonal patterns. Tracks of input
values did not show any regular pattern of
changing lower and higher values in time
sequence, but two extreme values appeared,
and that was in October and December 2014.
These two months were critical concerning
all the measured five performances. Extreme
values were evidenced for COD (highest is
G=4.32 for December 2014, the next highest
value is in October, and after elimination of
data for December, we get G=4.54). For
BOD G-values are significant for December
(G=4.04) and statistically not significant for
October, but still high (after elimination of
the first highest value, G=2.76). For nitrogen
the most extreme values are in October 2014
(G=3.61) and December same year (after
exclusion of October, G=3.64). With
phosphorus, we found extreme values for
December 2014 (G=4.66) and October (after
exclusion of December, G=4.31). Beside
these two months characteristic to every
performance, only one more extreme value
was found, that is for BOD input in August
2016 (G=5.08).

As shown above, during the analyzed
years extreme input values only are
exceptional, but on the other side, the very
inputs very often overcome the defined
expected values. The next table indicates
expected values of input, average input and
number of measurements out of 84
exceeding the expected value.
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Above presented data point to two very
important conclusions:

- At first, the given wastewater purifying
system is highly burdened with frequent too
high input values. During the analyzed
period exactly in 51% of measurements, the
input values were higher than expected in
average; this is why the mean values of
measurements are greater than expected for
every indicator.

- Secondly, the wastewater purification
system is very effective through
implementation of the “TO-BE” system, for
despite high input values do not affect the
resulting outputs, which are usually under
the prescribed regulated desired upper level.

Observations of outputs gave the next
results:

- Extremely high value of COD output is
only found in January 2013 (G=7.54), when
the removal efficiency was very low
(59.22%), but the system had immediate
response and corrective actions were taken.
All other output values of this indicator are
under the goal value (125 mg/l). The
efficiency of the system does not alter
through the observed months, and there is
not any significant trend in the data.

- The efficiency of the system is
complete concerning output of BOC. In
every month, the measured values are under
the desired upper level (20 mg/l). In
December 2012 the result is close to upper

Table 9. Indicators of inputs — expected values, averages and number of measurements

over the expected value

No. Measured indicator Expected value Average Number of measurements exceeding
(mg/1) (mg/1) expected value (out of 84)
1 COD input 500 719.84 48
2 BOD input 250 259.81 36
3 Nitrogen input 45 50.26 44
4 Phosphorus input 7 8.33 35
5 Suspended matter output 290 467.15 51
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bound and it appears to be an extreme value
(G=4.70), but this only is in statistical sense
and do not have any practical implications.

- Series of data for output of nitrogen
show substantial change in the second half of
the total period compared to the first part of
functioning the innovated purifying system.
During the first 49 months (January 2010 —
January 2014), the results of measurements
were almost in every case over the desired
maximal value (10 mg/l) and the average
was 11.64 mg/l. In the second half of the
period (beginning in February 2014), output
values are always under the boundary and
the average amounts to 7.64 mg/l. This
positive tendency of the system is expressed
by a statistically significant decreasing trend
(correlation coefficient between time units
and output values of nitrogen r=0.68,

p<0.05).
- There are more variations in
phosphorus output than with other

indicators. Upper bound value is given as 1.0
mg/l and this value was overcome during the
first month of functioning of the system,
even an extremely high value is evidenced
(June 2010, G=4.26), but stabilization is
achieved after middle 2011. Output values
are again raised during 2013, but after that,
(2014-2016) values are again inside the
desired intervals. Thanks to this, the average
output value for phosphorus during the
whole period is the acceptable 0.80 mg/l.

- For suspended matters, the goal value
is 30 mg/l and the objective is fulfilled
reaching average of 12.18 mg/l. Exception is
March 2013, when the suspended matter
output was very high, and it was as
statistically, so practically an extreme value
(G=6.67)

For all five indicators correlation analysis
was performed to study interconnections
between input and output levels. There was
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no significant correlations, and this indicates
the system is effective and successful, i.e.
higher input values did not cause higher
output values, and the results of purifying
almost always meet the set standards.

5. CONCLUSION

The aim of this paper is to point out to the
significance ~ of  implementing  the
transformation from functional to process-
oriented organization in which the
management of products and services quality
is going to be an ongoing process.

Based on the conducted research and the
presented analysis it can be concluded that
the average values of achieved efficiency in
water purification process statistically highly
significantly greater when applying the
innovative “TO-BE” model compared to the
application of the traditional “AS-IS” model.
This applies to all five indicators. The
highest relative improvement was achieved
related to nitrogen (201%) and phosphorus
(153%). For all five indicators correlation
analysis was performed to study
interconnections between input and output
levels. There was no significant correlations,
and this indicates the system is effective and
successful. In the innovated process of
wastewater treatment, the output from the
process is treated wastewater, absolutely in
accordance with the regulated standards.

This paper points out that enterprises
engaged in wastewater treatment have to
improve and systematize their knowledge on
the business processes management. This is
the only way that companies dealing with
water treatment can make progress on their
paths that lead to achieving the objectives of
enterprise business, which is optimization of
wastewater treatment to reduce costs and
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increase treatment process efficiency. This
paper outlined some key facts regarding
environmental protection in order to preserve
it for future generations.
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HHOCJOBHHU TPOLEC HOBO/BITAHOI' TPETMAHA OTHHAIHUX
BOJA: CMAIBUBAILE PU3UKA O/l 3SATABEIHA OKOJIMHE

baaxenka [IuyxkoBuh baduukosuh, ’Kesbko Bojunouh, bojan JlekoBuh, /Iparo
HBujanosuh, OTniuja Cennax, 3opan hupuh

H3Box

Peny6nuka CpOuja cnaza y TpyIy €BpOICKHX 3eMajba KOje OYMIVICAHO UMajy Tpoldiieme ca
npeunihaBameM OTIAAHUX BoJa. [ JTaBHU 1MJb TIETIOKYITHOT HCTPaXKHMBamka je yKa3aT Ha OyayhHoCT
opraHu3aliyje nporeca, Kao U Ha roe3anoct uzmely crnpoBolerma KoHIIETITa MOCIOBHUX MTpoIieca U
MIOCTUTHYTOT yIpaBJbarba nephopmMaHcama, 3aCHOBAHOT Ha CIIEHU(PUYHOM MPUMEpY NMpeyrihiaBama
OTHAJHUX BOJA. 3a MOCTyNaK NpeuuninhiaBama OTHATHUX BOAA, OBaj pax he mpencraBibaTH MOJIEI
»AS-IS“ koju je mpuMemeH y yciioBuMa (DYHKIIMOHAJIHE OpPraHU3alMoHe CTPYKType, u ,,TO-BE*
MOJIE]I, KOjU j€ INPUMEHCH yHyTap OpHjeHTaluje mpoleca. 3a oba Mojena Jar je mperien
MOCTUTHYTHX Mapamerapa J0OHjeHIX MPUMEHOM HaBeJICHUX Mojiena. HaBeeHu napameTpu ykasyjy
Ha TPHUCYCTBO 3araljuBaua y OTHAJHUM BOjJaMa , HAKOH CIPOBEJICHOT Mpoleca o0paje, ca OmrcoM
Kako Ce TO OJpakaBajlo Ha PU3WK O 3araherma OKoiluHe. MHOBaTHMBHM MOJeNl TpevuimihiaBarma
OTHAJHUX BOJIA MOCTHKE 3HATHO 0OJbE pe3yniTare, MITO je OJ BEJIMKOT 3Ha4aja 3a 3allTUTY KHUBOTHE
cpenune. Konkpernu gokasu o nopehamy xemujcke norpede 3a kuceonukom (COD), Guosnorikoj
norpouku kuceonuka (BOD), ykymHoM azoty (TN), ykynHom docdopy (TP), yknamamy yKymmHUX
cycrnernoBanux uBpctux marepuja (TSS), ymorpebom oBUX Mozena, IpUKa3aHU Cy y OBOM pajy.

Kwyune peuu: mpeunmmhaBame OTHAaTHMX BOJA, MOCIOBHM IPOIEC, PU3UK, 3allITUTa >KHBOTHE
CpenuHe.
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