University of East Sqarajevo
Faculty of MchanicalEngineering

QUALITY FES

October 2&-28h , 2017.
Jahorina, RS, B&H

PROCEEDINGS

1st International Conference for Quality Research (B&H)
11th International Quality Conference (Serbia)
11th International Conference ICQME (Montenegro)

26! +28t October 2017.
East Sarajevo *Jahorina, B&H, RS
Hotel Bistrica






ORGANIZER

University of East Sarajevo
Faculty of Mechanical Engineering

CO-ORGANIZER



\i






The conference has been supported by

Vil



PREFACE

The Quality fest is being held for the first time in the Republic of Srpska, Bosnia and
Herzegovina. In addition to the First National Conference on Quality of BiH, the First
International Quality Conference in BiH is being held at the Quality Festival, as well as
44 National Quality Conference of Serbia, 11th International Conference on Quality
(Serbia), 21st SQM 2017 (Montenegro) and 11th. international conference ICQME
(Montenegro).

At the previous conferences, some important issues of quality, quality management,
engineering, environmental management and food safety were discussed. Lectures to
be presented at this annual conference include those areas, but thay are also extended
to other areas of science on quality, quality management and standardization. The
special value of the conference is in a wide aspect of the issues related to the quality of
production and the quality of products and services, as well as interdisciplinarity, since
many authors from the practice works from the practice, universities and institutes dealt
with topics in the field of machine industry, electrical industry, food industry, education

The conference program is divided into 3 thematic units: Global Quality, Quality basic,
Quality Engineering and Management. Participation at the national conference were
reported by 63 authors from the 5 countries with a total of 28 papers, while at the
international conference 80 was reported from the 11 countries with 26 papers. In
addition, 5 introductory reports will be presented at the conference, and through
discussion on two roundtables ("ISO 9001: 2015" and "Quality Infrastructure in BiH") will
discuss the current state of arts and opportunities for improving the application of the
actually quality standards in the Republic Bosnia and Herzegovina and the countries of
the region.

The presence of a large number of participants from the countries of the region, as well
as issues wich will be presented at the conference, coincide with the efforts of the
countries of the region in the way to EU and European integration.Based on the above,
it can be assumed that the presence of scientific workers, researchers and practitioners
will represent not only the exchange of knowledge and achievements in the quality of
processes, products and services, but also a serious attempt to unify productive work
and create new values with economic development and strengthening awareness of the
need for quality improvement as a prerequisite for sustainable development and the
preservation of the true values of society.

In the name of the Scientific and Organizational Committee of the QFEST 2017, we wish
to express our gratitude to all authors, reviewers, institutions and individuals who
contributed to the realization of this Conference.

East Sarajevo, October, 26" 2017.

President of the Scientific Committee President of the Organizing Committee

Prof. GU 5DGRVODY *UXMLU

3URI
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Katharina Astleitner, Stanislav Karapetrovic

sub-clause 5.2 in [2] and Annex F in [5]) and examples (e.g., see sub-clauses 8.5 in [4]
and 0.4 in [5]) are already given in the CSSs themselves. Furthermore, IASMS can be
performed with two or more AUGSs augmenting each other simultaneously, which was
demonstrated in, e.g., section 5 of [8], with three AUGSs and thus three bidirectional or
six distinct IASMSs. In this paper, however, one-directional dual IASMS by a single
AUGS will be illustrated. Specifically, synchronized augmentations of ISO 10001 and
ISO 10002 systems, which were used in two undergraduate course sections with more
than 300 students altogether over two years, by an ISO 10004 subsystem, are shown.

The following section exhibits IASMS examples with ISO 10001/2 AUGSs
through designated ISO 10004 clause-related fundamentals and activities. The
subsequent two sections display IASMS undertaken with the main ISO 10004
processes, i.e., 1ISO 10001/2 AUGSs measurement and monitoring, respectively.
Musings on further IASMS conclude the paper.

2 OVERVIEW OF IASMS WITH ISO 10004

The course where IASMS was implemented covers a topic mandatory for
engineering students in Canada. Two sections of the course, taught by the same
professor in a western Canadian university during subsequent years, namely in 2016
and in 2017, are focused on herein. The sections had 154 and 152 students,
respectively. In the first class of each, the professor presented and/or referred to
documented explanations of ISO 10001 and ISO 10002 systems applied in the course,
as well as the (ISO 10004-enabled) surveys integrated within an overarching project on
the implementation of another AUGS.
The ISO 10001- and ISO 10002- related elements of three such surveys are
connected to ISO 10004 clauses (in this section) and processes (in the next two
SHFWLRQV WKH 3, QLWLDO 6XUYH\" ;6 KDQGHG RXW LQ WKH
S0LGWHUP 6XUYH\" 06 GLVWULEXWHG DURXQG WKH GDWH RI
EUHDN DQG WKH 3)LQDO 6XUYH\" FRPSOHWHG WRZDUGYV WKH F
encompassed two guarantees, specifically for the 24-hour professor email response
H J VHH > @ 35HVSRQVH &RGH™ DQG IRU QR W\SRJUDSKLFELC
QRWHV HJ VHH > @ 37\SR &RGH’" 2Q W &nhhilRaWKddwsK DQG VW)
website- provided feedback was handled through an ISO 10002 AUGS (e.g., see [12]).
Examples of using Clause 4 of ISO 10004 [5] for ISO 10001/2 augmentation
include Guiding Principles S&RPPLWPHQW" IRU SODFLQJ TXH\
codes/feedback in student surveys and for the related course webpage reporting, and
S&RQWLQXLW\Y IRU DGPLQLVWHULQJ VXFK TXHVWLRQV LQ L
Concept itself, pertaining to the corresponding codes/feedback analysis. Figure 1
concentrates on some of these 1ISO 10001 examples, specifically since students were
asked in the IS 2017 (bottom bar in Figure 1) if reports regarding professor performance
on the two codes would have been useful (ISO 10004, 4.3.10), code awareness was
probed in the MS 2016 (middle bar in Figure 1) and thus following an IS in that section
(ISO 10004, 4.3.6), while opinions on any code changes needed were sought in the MS
2017 (top bar in Figure 1; 1ISO 10004, 4.2).

18



Integrative augmentation with ISO 10004 in engineering education

Figure 1. ISO 10004 *ISO 10001 Integrative Augmentation Examples

ISO 10004 Clause 5 application is evident, e.g., in the IS 2017, MS 2016, and
06 LWHPV IURP )LJXUH IRU 3SODQQLQJ" B(2RSHUDWL
LPSURYHPHQW™ DFWLYLWLHYVY UHVSH feftrted b@nd désctibed D UH
in the second, third and fourth paragraph of that clause in [5].

The question on code report usefulness and the corresponding result of a
positive answer by 26 students (84%) can be related to Clause 6 in ISO 10004, more
specifically sub-clause 6.3 [5].

86% of 51 students aware of the Typo Code illustrates a result linked with ISO
10004 Clause 7, particularly, for example, 7.3.2 in [5].

Finally, with respect to Clause 8 from 1SO 10004, only 7% of the 27 responding
students indicated that changes in the Typo Code were necessary (Figure 1), reflecting
nevertheless an application of the guidance from the fifth bullet of the corresponding
clause in [5].

Overall, the ISO 10004 clause-related examples of IASMS from the five
preceding paragraphs also have an ISO 10001 [2] perspective, with its sub-clauses 4.2,

5.2, 6.3, 7 and 8.4, respectively.

3 ISO 10004 MEASUREMENT FOR ISO 10001/2 IASMS

Figure 2 shows selected results of the ISO 10004 measurement process jointly
augmenting 1SO 10001 and ISO 10002 AUGSSs. The results are from the midterm
surveys administered in both the 2016 and 2017 course sections, with the means of
responses to the question regarding the usefulness of the two codes (ISO 10001 AUGS
elements) and feedback forms (ISO 10002 AUGS elements) presented. Evidently, the
students considered the 24-hour response code to be useful (means of 4.26 and 4.14
out of 5in 2016 and 2017, with 48 and 27 students replying, respectively). This utility
was less prominent for the Typo Code, regardless of whether the course was offered in
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2016 (mean of 3.57) or in 2017 (mean of 3.63), as well as for the Feedback Forms (e.g.,
VHH $QQH[ % LQ > @ ZLWK D PHDQ L H EHWZHHQ 3XVHIX

Figure 2. ISO 10004 Measuring ISO 10001 + ISO 10002 Examples

Such findings, e.qg., for the feedback forms, seem to be not only consistent across
the three course surveys, e.g., in 2017, but can also illustrate the outputs of the ISO
10004 measurement activities. For instance, in the 2017 initial survey, 10% less students
indicated that these forms would be useful compared to code reports (see sub-clause
7.2 of [5], e.g., 7.2.2, for the related activity). While the 1ISO 10002-related item from
Figure 2 points to sub-clause 7.3 of [5], e.g., 7.3.3, the 2017 final survey result referring
WR WKH ZKROH IHHGEDFN SURFHVYVY WKURXJK 3SURFHGXUHV’
form, with the mean of 4.41, can be viewed from the 1ISO 10004 sub-clause 7.4 [5]
perspective, e.g., 7.4.5.

Furthermore, in line with sub-clause 7.5 of [5], by, e.g., posting initial survey
results and follow-ups on the course webpage after class #18 in 2017, integrated
code/feedback reporting was performed (e.g., see [8]). Such IASMS was also facilitated
by integrated open questions and student responses covering multiple AUGSs, for
example in a 2017 final survey response that touched upon both codes, while suggesting
that the time limit for the response code could have been longer and commenting on the
typo code outcome.

4 1SO 10004 MONITORING FOR ISO 10001/2 IASMS

The process for monitoring code/feedback-related student satisfaction (see sub-
clause 7.6 of ISO 10004 [5]), although implied in deploying multiple surveys within a
single course section, is demonstrated below in 2016 to 2017 section terms, i.e., year-
over-year, and using final survey results. Similarly to Figure 2, student responses are
illustrated for two ISO 10001 AUGS items and one ISO 10002 AUGS item.

As shown in Figure 3, the 2017 section students agreed more strongly (mean
increase of 0.29 compared to the 2016 course section) that the Typo Code was effective,
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and a slightly higher mean (by 0.34) was also yielded for the suggestion of introducing
additional guarantees in the course. Nevertheless, there was almost no course section
difference from 2016 to 2017 regarding the appropriateness of student feedback
handling procedures (4.43 in 2016).

Figure 3. ISO 10004 Monitoring ISO 10001 + ISO 10002 Examples

7KLV ,62 PRQLWRULQJ DOVR FRQWULEXWHG WR

$8*6V 3SPDLQWHQDQFH DQG JIpp&ksRsY(stP BlIQuee 8 \n{XH
DQG > @ JRU HIDPSOWL PYDOKHR®HEBG OLQH LV PXFK EHORZ
3, no further guarantees were set up in either 2016 or 2017. In addition, the professor
continued to apply both the response and typo codes in 2017 (e.g., the correlation
coefficient between the two regarding effectiveness in the final survey was 0.843 in 2016
and 0.858 in 2017). The surveys had a similar response rate (24% in 2016 vs. 27% in
2017), as both (but also the others) were done in classrooms, with voluntary class
attendance, and all response sheets had to contain two checkmarks for student
confirmations of consent- and withdrawal- related, i.e., ethics, statements.

5 CONCLUSION

Although we began with reference to the 2007 precursor conference,
researching on the IASMS (and on its integration counterpart, as discussed in the first
QFEST opening plenary speech) has been running for more than the 2007-2017 decade.
IASMS practice, as illustrated here with engineering education examples, and with new
AUGSSs, will continue. This paper demonstrated an IASMS application with ISO 10004
augmenting ISO 10001 and ISO 10002 AUGSs in two engineering courses taught within
the last two years, namely in 2016 and 2017. However, it was limited to only a few IASMS
aspects (e.g., single direction and ISO 10004 augmentation) from a much larger number
studied (e.g., with respect to ISO 10001/2/4), with the purpose largely for illustration at
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the Jahorina conference. Analysis of additional 1ISO 10004-related items (e.g., with
reference to CSSs) and further statistics (e.g., for the current AUGSSs), and over more
engineering courses (e.g., sections) will follow.
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Abstract: More recently certification has become a very important issue in agricultural
and food industry. A growing number of problems related to food safety results in a
growing number of demands for safe products at the international market, which leads
to development and practical implementation of lots of standards referring to this kind
of production. The paper aims to provide an overview of standards related to food
safety and food quality, which can be an important matter for agricultural
manufacturers and processors in food industry so that they can consider the key
factors influencing the achievement of full exporting potential.

Keywords: Competitiveness, Supply chain, Agriculture, Standards.

1 INTRODUCTION

6HUELDYV SRWHQWLDO WR H[SRUW IRRG LV PXFK OD
nowadays, so it can be assumed that its future level of export and development rate of
export depend primarily on competitiveness of agri-food industry, which surely includes
certification of products and processes. Larger food export can be achieved by
establishing the efficient system of food safety control in order to provide licenses to
export to EU, increasing competitiveness, improving the market chain and
consolidating offers, understanding the export market and implementing the standards.

2 TYPES OF STANDARDS AND THEIR REQUIREMENTS

Standards are basically divided into public and private standards in terms of
standards makers. These standards can also be divided in mandatory and voluntary
standards (Table 1) [2].

Public standards can be set by international and national authorities or by EU.
They can be mandatory (HACCP) because they are related to national and
international laws and regulations. Noncompliance with these standards leads to the
prohibition of the sale of products or services in a given market. Public standards can
also be voluntary standards which usually support preservation of distinguished
products of an area (products with geographic indication) or which relate to the

1 Assistant professor, Sandra Milunovic Koprivica, PhD, Faculty of Technical Sciences in Cacak, University
of Kragujevac, Serbia, sandra.milunovic@ftn.kg.ac.rs (CA)

2 Professor of vocational studies, Aleksandar Maric, PhD, High Technical Mechanical School of Vocational
Studies, Trstenik, Serbia, alekmaric@gmail.com

3 Full professor, Slavko Arsovski, PhD, Faculty of Engineering, University of Kragujevac, Serbia,
cgm@kg.ac.rs
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Table 2. Classification of standards implemented in Serbian market [5]

Standard | Legal Goals Commu | Log on Supply chain
s makers | obligatio nication | the
n product
IP/IPM | Private/ No Differentiation | B2C Yes Production
Public
Global | Private No Minimal B2B No Production
G.A.P. requests
Organi | Private/ No Differentiation | B2C Yes Production/Processing
c Public
HACC | Private/ Yes Minimal B2B No Production/Processing
P Public requests /Distribution
ISO Private No Minimal B2B No Production/Processing
requests /Distribution
BRC Private No Minimal B2B No Processing/Distribution
requests
IFS Private No Minimal B2B No Processing/Distribution
requests
Private/ No Differentiation | B2C Yes Production/Processing
PGI/P Public
DO
Halal Private No Differentiation | B2C Yes Processing/Distribution
Kosher | Private No Differentiation | B2C Yes Processing/Distribution
Cost- Public Minimal | Minimal B2C Yes Production/Processing
P. request | requests
S

3 THE MOST IMPLEMENTED STANDARDS

3.1 1S0O 22000:2007

ISO 22000:2007 is a private standard set by the International Organization for
Standardization (ISO). After success of ISO 9001, a standard for quality management
system which has been successfully applied in more than 700,000 companies
worldwide, there was a need for an international standard in food industry. The aim
was to harmonize national and private standards and to include management system
from ISO 9001. ISO 22000 (Food Safety Management System) was developed along
with integration of Prerequisite Programs (PRP1) and principles of Hazard Analysis
and Critical Control Point (HACCP) system. The first version was issued in September
2005 [7]. This standard is applicable to all organizations, regardless of their size, which
are involved in any part of supply chain. The standard is intended for communication
between business partners (B2B) and not intended for communication with final
consumers so logo cannot be placed on the final product.

The standard contains the principles of quality management and HACCP
system and it is used for development, maintenance and steady enhancement of food
safety management system.

HACCP (Hazard Analysis and Critical Control Points) is a food safety system
based on analysis and control of potential biological, microbiological, chemical and
physical hazards the raw materials are exposed to, potential hazards during handling,
production, distribution and consumption of final products. HACCP is adjusted to all
types of food products and all types of food production and food handling.
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3.2 Organic certificate

Intensive agricultural production present at global market today and increased
use of fertilizers and pesticides have resulted in excessive pollution of agricultural land
which covers a large proportion of our planet. Thus it was necessary to organize an
alternative way of production which could provide sufficient supplies of healthy food
whose production and demand would overcome current conventional way of
production.

It is mandatory to use the land which has not been treated with chemical
fertilizers for several years (three years and longer). It is necessary to:

f avoid a large number of chemical substances (e.g. fertilizers, pesticides,
antibiotics, additives, rodenticides, and fungicides), genetically modified
organisms, and water treatment agents,
record detailed data on production and sale of organically made products,
physically separate organic production from conventional production,
regularly inspect and monitor production in the course of production process.

T TH

The country which has made the biggest enhancement and development of
organic production is Denmark which achieves 25% of total agricultural production with
BIO certificate. Our companies having Organic certificate are: Midi Organic, Zadrugar,
Beli Stonovi, Sirogojno, Suncokret, Albox, Foodland, Fungo Jug, DMV, etc.

3.3 GLOBAL G.A.P.

Global G.A.P. is a standard primarily created to ensure the buyer that the food
produced on a farm has a minimal detrimental effect on environment, that it is
produced with reduced chemical inputs, and that responsible approach to welfare and
safety of people and animals is provided. The standard does not refer directly to final
consumers, but it represents the communication between business partners (B2B).
Consequently, Global G.A.P. logo has a limited application and cannot be set on the
final product. The standard does not cover the entire supply chain; it is focused on
primary agricultural production instead.

Every agricultural manufacturer can apply for Global G.A.P. certification with
the following two options:

Option 1: an individual manufacturer applies for the sertification and he/she is
the holder of certificate, or

Option 2: a group of manufacturers applies for certification as a legal entity,
and it becomes the holder of certificate.

The principles of Global G.A.P. are:

limited and controlled application of all types of agrochemicals;

hygienic treatment during production and manipulation of agricultural products;
providing instructions and recording all activities with the provision of
traceability;

unique rules which allow for impartial verification (confirmation that everything
is done properly);

mutual communication and exchange of opinions between producers, traders
and consumers;

care for the environment protection and sustainable development;

responsible treatment of employees working on the farm;

care for the welfare of animals on the farm.

=h T Th A Y = T TH
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3.4 BRC - Global standard for food safety

The British Retail Consortium (BRC) standard is developed to help traders and
brand owners to ensure food safety and food quality. Apart from this purpose, the
standard is used by many companies as a pattern for evaluating suppliers and for
evaluating production, too [4].

The standard offers suppliers an opportunity to satisfy criterions of various
traders by a single certificate, which makes supplying expenses lower on the one
hand, and makes traders reduce the expenses related to supplier control [4].

BRC standard is not intended for communication with final consumers; it is
intended for communication with business partners (B2) instead. The standard refers
to the part of supply chain which includes food processing, or to the part which
includes preparation of primary products / raw materials for supplying catering firms,
restaurants or processors.

3.5 International Featured Standard (IFS Food)

The BRC standard is used as a basis for this standard while the structure is
taken from 1SO 9001:2008. Unlike BRC which has a specific structure, IFS has the
same structure of 1ISO 9001:2008: responsibility of the management, management
system, resources management, production, control and enhancement. The only
difference in the order can be found in the fifth chapter, i.e. the part on management
responsibility precedes the part on quality management (food safety) which is usually
the first part of ISO standards.

After that, in cooperation with French trade group, the standard for food quality
and safety was created and named International Food Standard (IFS). It aimed at
providing unique approach to evaluating suppliers in comparison to the food quality
and safety system. The standard became internationally approved in 2005 when Italian
trade group joined. The cooperation between these three groups resulted in the fifth
version of the standard published in August 2007. Requirements of IFS standard cover
the system of management, process control and hygiene.

Compliance with the standards for food safety and quality and EU regulations
is a long and expensive process, SO in some cases considerable investments by
manufacturers and companies are needed in order to enhance production and/or
process capacities. Since producers and processors are responsible for establishing
their own system for food safety and quality control, they have to define appropriate
strategy for standard implementation complied with their practice. In the process of
defining the strategy for standard implementation, as well as the certification itself,
there are some steps to be taken: definition of sale strategy, selection of voluntary
standards, implementation, and certification.

4 CERTIFICATION COSTS

Certification costs depend on several factors: type of activity (production) being
certified, scope of activities for standard adjustment, the number of employees, the
number of locations to be visited in the course of certification, etc.

The costs of standard introduction are divided into: a) the costs of production
adjustment to the standard (standard introduction), and b) the certification costs.

Manufacturers have two options to apply for Global G.A.P. certification. Option
1 implies that an individual manufacturer applies for Global G.A.P. certification. In this
case the holder of certification is the manufacturer himself/herself. Global G.A.P.
Option 1 (individual manufacturer) usually lasts for one consulting day on condition that
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the crops have simultaneous period of ripening and picking. Otherwise, it is hecessary
to make several visits, which surely has influence on certification costs.

Table 3. Annual certification costs for ISO, BRC and IFS standards

Small/medium-sized enterprise
(1-100 employees)

Large enterprise
(more than 100 employees)

EUR 2,000-2,500 for the first

1SO 22000 certification and EUR 1,500- EUR 3,000-3,500
1,700 for certification renewal

BRC EUR 1,750-2,500 about EUR 3,500

IFS EUR 1,750-2,000 about EUR 3,500

Option 2 implies that a group of producers applies for Global G.A.P.
certification. In this case a group of manufacturers, as a legal entity, is the holder of

Global G.A.P. certificate.

Table 4. Costs of registration

Covered production Uncovered production

Size of land Annual amount Size of land Annual amount
< 0.5 ha 5 EUR <0.5ha 2 EUR
0.5 #1 ha 10 EUR 0.5 2 ha 4 EUR
1-1.5ha 15 EUR 2-5ha 10 EUR
1.5 +5 ha 30 EUR 5 *#15 ha 15 EUR
5 +10 ha 50 EUR 15 + 100 ha 30 EUR
10 + 30 ha 80 EUR 100 + 1000 ha 70 EUR
30 £100 ha 150 EUR 1000 + 5000 ha 150 EUR
100 + 500 ha 300 EUR 5000 + 10000 ha 300 EUR
> 500 ha 500 EUR > 10000 ha 500 EUR

Table 5 presents a basis for calculating the certification costs which have to be
paid by manufacturers to obtain Global G.A.P. certificate from the certification auditing
body.

Table 5. Certification costs for Global G.A.P. (without inspectors, travel expenses and VAT)

Fixed costs of certification 300 - 400 EUR
<50 ha 450 +550 EUR
Costs related to the land size 50 +100 ha 700 £750 EUR
> 100 ha 950 1100 EUR
Covered crops 200 +300 EUR
Costs for individual manufacturers in a group (Option 2) 40 +60 EUR
Costs for individual manufacturers per audit (Option 2) 250 EUR
Manipulation on a farm 200 +300 EUR

Calculation of annual certification costs, if the same daily wages are used by
Certification body, would likely be as presented in Table 6.

Besides certification costs, the manufacturers have to pay the registration
costs and standard implementation costs, too. These costs depend on requirements of
the standard. The biggest investments during standard implementation are made for
compliance with hygiene requirements.

28



Certification in serbian agri-food industry

If we take Global G.A.P. standard as an example, some of the largest costs
are: costs of land and water analyses, tests of pesticide residue for each product,
traceability on small farms, proper storage of chemicals, equipment/machines for
spraying, calibration of equipment, water filters, protective clothes, toilets on lots, etc. If
standards are ranked in terms of the cost of implementation and certification, starting
from the most expensive to the cheapest one, the order would look like this: BRC, IFS,
Global G.A.P. Option 2, ISO 22000, Global G.A.P. Option 1.

Table 6. Annual costs of Global G.A.P. certification

Individual farmer (one | Individual farmer A group of
visit) (several visits) manufacturers
(Option 2)
Global G. A. P. 1200 EUR 1500 EUR 5500 EUR

5 CONCLUSION

The paper shows fundamental information on voluntary standards which are
usually required by trade chains, and on the process of defining the strategy for
standard implementation and certification in compliance with agricultural and food
production. Implementation and certification of standards on food safety and quality
enable manufacturers and processors to better position themselves at the market, to
provide greater competitiveness and productivity and thereby easier sale at
international market.
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Abstract: The role of process modeling and analyzing of wastewater treatment facility
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treatment of industrial wastewater from chemical industry. Respectively to this system,
another is designed in process simulation software SuperPro Designer, where based
on the constant and variable parameters several simulations were taken and optimal
operating conditions of the wastewater treatment plant was defined. Analyzed system
represents a bioseparation process composed of primary and secondary treatment
observed as a continuous system with completely mixing and sludge recirculation
stream. The system is tested for amount of inlet material from 100 to 400 m3/h and air
consumption needed for aeration from 1.257 to 2.569 m3/h. System responses are
obtained selecting the effluent in to the second and third category for wastewaters
which are fulfilled the environmental standards of Republic of Macedonia. For optimal
flow of 400 m3/h, the wastewater treatment plant reaches its maximum capacity of
27.428 people equivalent based on BOD and 27.611 people equivalent based on the
hydraulic capacity. For the actual flow, plant capacity is set at 6.239 people equivalent
based on BOD and 6.171 hydraulic people equivalent. Based on the sludge analysis,
simulations are obtained for sludge treatment with incineration. From these simulations
optimal conditions are obtained for heat recovery setting this process in group of green
processes with zero emission.
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1 INTRODUCTION

The global industrial development requires environmental technologies aimed
to reduce environmental impact and increase efficiency. The problem of modeling
environmental processes becomes a big challenge. Today, process simulators are big
engines which can be used in each phase of the development of the project, and
together with including of the engineer intuition we can get the right solution for one
process. During process development, process simulation software is used to perform
material and energy balances, estimate the size of equipment, calculate demand for
utilities as a function of time, asses the environmental impact, etc [1]. The purpose of
this study was to develop a simulated process scheme that will follow up the simulated
SURFHVYVY VFKHPH IRU UHPRGHOLQJ RI WKH ZDVWHZDWHU WUHTI
for treatment of wastewater from combined sources.

Process adjustments are commonly required when a new process is moved
into an existing facility whose equipment is not ideally sized for the new process. The
simulation model is used to adjust batch sizes, figure out cycling of certain steps and
estimate recipe cycle times. In most cases, waste water treatment plants are operated
without optimization [2]. It is normally considered that optimization is unnecessary as
the system is already designed to meet our requirements. Design always has some
operating margin for taking care of performance degradation [3]. Further, waste water
treatment plant design is based on the results obtained for a set of samples collected
for short-time duration. The quality of waste water being treated may be significantly
different from the design, and it is always essential that any wastewater treatment
facility is optimized after successful commissioning of the plant. This ensures that all
the machines do perform well so that the treated water quality is to the expected level.

(4]

2 DESCRIPTION OF THE PROCESS

The main aim of the development of this problem is to make environmental
processes analysis transparent and easy for modeling. We are focused on the process
of wastewater treatment in an already existing wastewater treatment plant in city of
Skopje with already defined equipment dimensions (Figure 1).

Figure 1. Process in SuperPro Designer for scheme for described wastewater
treatment plant
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Figure 1, for instance, displays the wastewater treatment plant in Skopje,
described as follows. The flow sheet is developed by putting together the required unit
procedures, and joining them with material flow streams. This continuous process
starts with feeding from two feed streams, which represent acid sewer with industrial
wastewater and fecal sewer with fecal wastewater from the near town.

This wastewater treatment plant was projected for industrial wastewater from
the industrial complex, and fecal wastewater from the near town. After increasing the
number of inhabitants and significant changes in the wastewater quality and quantity,
this simulation study presents the step forward in optimization of the wastewater
treatment plant. After neutralization with CaO, the wastewater from acid sewer with 5
m3/h water flow continues in the equalization tank (P-6/EQ-101) where it is mixed
together with the fecal wastewater with quantity of 105 m3/h. After equalization
procedure, the wastewater is transported to three parallel bioreactors with dimensions
of 1013 m3 each (P-9, 10, 11/ AB- 101, 102, 103) where the process of aerobic bio
oxidation takes place and operates under constant air flow inside the reactors. This
process is characterized with sludge flow of 3.7 m3/h, generated by the treated
wastewater. Sludge has content of 4% solids and 96% water. Detailed sludge non-
volatile content is showed below in Table 1, and Table 2.

Table 1. Sludge non- volatile content percent

Sludge non-volatile content (%)
Al Ca | Fe K Mg Na
0,15 | 27,5| 2,4 | 0,02 | 0,27 | 0,08

Table 2. Sludge non- volatile content mass concentration

Sludge non-volatile content (mg/kg)

As Ba Cd Cr Cu Li Mn Ni P Pb \Y zn

<10 | 120 <1 32 103 1 90 22 775 57 7 232

3 RESULTS AND DISCUSSION

In this environmental process, the key parameters that are important to
manipulate in SuperPro Designer for accruing optimal operating results are sludge
residence time, air stripped, sludge recirculation percentage, and wastewater quality
and quantity. Process simulation tools enable users to readily experiment with options
that have the potential of increasing the efficiency and reducing the resources. The
base case process already operates at its maximum efficiency (imposed by the
bioreactors). Consequently, the only option to increase efficiency is by reducing the air
stripped inside the bioreactors, which influences the biological reactions rate, and
decreasing the energy consumption for the blowing pumps as biggest energy
consumers. The simulations are done on constant wastewater flow based on the real
system, and variable air flow calculated on wastewater flow base (m3Air per
m3Lig/min)(Table 3).
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Table 3. Simulation results after air requirement manipulations

Infl30w COD SRT (days) Air Work.

(m3/h) effluent (mg O/L) reg. (m3/h) volume
100 50 11.6 1257 90%
100 20 7.5 2619 90%
100 33 5 5035 90%
100 25 24 10071 90%

For the standard stabilized sludge feed obtained from the wastewater treatment
SODQW DW 3$' 2+,6° 6NRSMH SURFHVV VLPXODWRU ZDV RSHU
optimal size of heat exchangers was calculated, and the optimal amount of cold water
as well, Table 4. Further, for constant heat exchanging area and constant size of
equipment, optimal amount of cold water, optimal heat exchange area, and maximum
stabilized sludge feed was achieved.

Table 4. Heat exchangers main parameters, simulated values

Sludge flow 188 kg/h
Heat exchanging area 11,805 m?
Quantity of cold water supplied; temperature 1 mdh ¢
Quantity of heated water; temperature 1msh ;182 £
Utilization of flue gas heat 61%
Flue gas quantity; temperature 0,429 ms/h; 1000 £
Heat transfer coeficient (specified for incineration flue gas) 100 Watt/m?K

After these results, we can conclude that with increase of the air quantity the
wastewater is treated well and fast, which leads to low utilization of the plant, while low
guantity of air flow leads to decreasing of effluent quality. Depending on the plant
purpose, we can choose the optimum solution (Figure 2).

Figure 2. Air requirment/ Sludge residence time dependency graph

After these results, we can conclude that with increase of the air quantity the
wastewater is treated well and fast, which leads to low utilization of the plant, while low
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quantity of air flow leads to decreasing of effluent quality. Depending on the plant
purpose, we can choose the optimum solution. In the next simulation we can discover
for which wasterwater flow with constant quality, and constant air flow the plant
operates in its optimum (Figure 3).

Figure 3. Inlet flow/ Sludge residence time dependency graph

From the Figure 4, and Figure 5 showed below, for optimal heat exchange area
for serial connection of heat exchangers can be considered 121 m2 and 3500 kg/h
supply of cold-water and for parallel connection of the heat exchangers optimal heat
exchanging area can be considered 137 m2 and cold-water supply of 3700 kg/h. In this
case exit temperature of the flue gas after the heat exchangers is 120 |C, comparing
with the serial exchangers where exit temperature of gas is 170 |C. In the following
Table 4 is described the material balances of the waste streams.

Figure 4. Optimal amount of cold water and optimal heat exchange area

Figure 5. Optimal amount of cold water and optimal heat exchange area
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4 CONCLUSION

Process simulation software can play an important role during process
development, and can significantly make the progress faster. From the simulations
done we can conclude that the wastewater treatment plant reaches optimum results
operating in the flow range of 100- 400 m3/h. Manipulating with the air flow needed for
the aerobic bioreactors, we set the optimum air requirement from 1257 to 2569 (m3/h).
In this range the sludge residence time is in the range of low to normal utilized
wastewater treatment plants, and the effluent water quality is in the range of second or
third category for wastewaters, which meet the ecology standards in Republic of
Macedonia. From the simulations done we have obtained an optimal exchanging area
for the cooling of the flue gas and obtaining a clean energy with minimizing energy
loses. At the end we have simulated one green energy process which can be further
optimized for the future needs. Optimum heat exchange area is obtained for the lower
value at the lower amount of cold water that need to be used for cooling of the
streams, and optimum value for the cold water is obtained at a value for amount that
will exchange more heat.
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the new world structure[4]. Conceptually food safety is the elimination or reduction of

hazards and risks that are likely to be formed or are likely to occur in food, in other words

to ensure consumer health [5]. Food safety refers to all those hazards, whether chronic

or acute, that may make food injurious to the health of the consumer. It is not negotiable.

Qualty LQFOXGHY DOO RWKHU DWWULEXWHY WKDW LQIOXHQFH |
JRRG FRQWURO LV GHILQHG DV « D PDQGDWRU\ UHJXODWRU\ C
or local authorities to provide consumer protection and ensure that all foods during

production, handling, storage, processing, and distribution are safe, wholesome and fit

for human consumption; conform to safety and quality requirements; and are honestly

and accurately labelled as prescribed by law. The foremost responsibility of food control

is to enforce the food law(s) protecting the consumer against unsafe, impure and

fraudulently presented food by prohibiting the sale of food not of the nature, substance

or quality demanded by the purchaser [6].

Food analysis laboratories have been established to carry out hygiene and
quality control of raw and auxiliary materials used in the production of foodstuffs, semi-
finished and finished foodstuffs, food additives, and packaging materials that contact
with foodstuffs.Laboratory tests are an important process based on scientific analysis to
identify problems with food products. The aim of quality control is to determine the
contaminants in the raw material or contamination after a product is produced and before
it is released to the market. In addition, laboratory tests are important for the search and
development of new products, including components or selection of components, food
processing design, shelf life studies, and sensory evaluation of products. Another benefit
of laboratory testing is compliance with regulations for the importation of food products
into different countries as well as exportation. Food regulations are designed to protect
public health and the safety of consumers [7]. The results of the scientific research are
believed to be objective "real" through advanced knowledge and reliable testing
methods. Regulatory science is not different in this context.Abuse and carelessness in
research significantly affect human health and the environment [8]. It is important to
apply quality assurance systems in addition to using only the right science in scientific
research [9]. In the testing laboratory, quality is interpreted as compliance with
VSHFLILFDWLRQYV 7KHUHIRUH TXDOLW\ PHDQV WKDW WKH ODLE
expectations and are accurate and defensible. To ensure that the final laboratory results
are correct, the QA program incorporates those planned and systematic laboratory
activities that guarantee the accuracy and defensibility of testing results. Besides
thorough documentation of all procedures and processes, the laboratory also needs to
choose the correct methods for testing and establish protocols to detect errors and
initiate corrective actions. Validated methods are at the technical core of laboratory
testing. To determine whether methods are fit for their intended purpose, the selected
methods must have established accuracy, precision, calibration and limits of detection
and quantification [10]. An effective national food control system takes into account
current situations and develops a national food control strategy to enable the country
develop an integrated, coherent, dynamic and effective control. Situations differ from
country to country therefore the programmes to achieve the objectives of the food control
strategy are country specific. Important components of a food control system include:
policy and institutional frameworks; food legislation and regulations; food inspection and
monitoring; laboratory services and dissemination of information to all stakeholders [11].
Food laboratories provide substantial support to the food industry,because it is in relation
to producers or organizations, it serves the industry at every stage of sector. Laboratory
tests provide the basis for food safety and support public health and international
economy. Consumers attach importance to information that companies place on food
packages when choosing reliable food and making informed purchasing decisions. The
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businesses, it will also make them strong in their sector [23]. Scope of analysis in
accordance with quality system, determination of conditions of personnel and
device/equipment, conditions of laboratories, determination of responsibilities,
calculation of costs, drawing of road map, creation of system structure, management
and technical requirements, control of quality indicators, accreditation application and
approval are vital quality findingsdetermined by experiences [24]. It is important to
balance the tools used to achieve quality and safety objectives and to understand how
systems contribute to the overall quality of the product [25]. While security is not seen
as a totally independent direction in quality, the relationship between quality and safety
is complex. The complexity of both concepts necessitates the need to manage them
separately. In fact, the reason for distinguishing food safety from the quality is the need
to place the concept of safety above all other quality elements[26]. System and standard
requirements are fulfilled by establishing the infrastructure in accordance with standards,
ensuring the necessary support of the management, making the quality documentation,
implementing the system, quality control studies for the scope of the work, auditing the
system, solving determined problems and overall evaluation of the system [27, 28]. A
food analysis laboratory should use appropriate methods and procedures for all
experiments within the context.These methods or procedures should include
measurement uncertainty calculations as well as statistical techniques used for
sampling, transport, storage, preparation of materials to be tested, and analysis of test
data.

The laboratory may use test methods present in international, regional or
national standards, as well as methods developed by laboratories on condition that they
are validated [29]. Successful implementation of food quality and safety management
systems is a hecessity today [26]. Standards provide consistency in terms of safety and
quality measures for laboratory applications, and recommend improvement strategies,
present available and best practice.
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3  CONCLUSION

Itis known that the quality management system, which is made actual in the food
industry, is a tool that ensures continuity and growth in trade. Permanent reliable food
production is part of a quality.lIt is possible to prove that the intended use of the food is
appropriate and safe with analyzes to be made.The food sector is constantly being
renewed and changing, and new food products are introduced every year. Since this
change has also altered the food analysis and testing methods in parallel, food
laboratories must adapt to be able to respond to the needs of the industry. As a result of
quality development activities in food laboratories; adequacy proven methods with
international validity and updated according to current conditions must be used. The
desired service can be provided by working with calibrated devices and systems that
give fast, reliable and precise results. By putting into practice quality control programs,
they should contribute to the training of personnel in order to improve performance in the
service. Analytical procedures should be started as soon as possible effective service is
ensured by giving accurate and reliable results in laboratories by providing sample and
safety of report. Food companies will go to the measures to decrease the error shares
in the direction of the test and analysis results applied to their products. Reports that
show the status of the laboratory products will contribute to increase the competitiveness
of the companies in terms of increasing the prestige and reliability and to develop reliable
new products.
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Abstract: In the recent years, solar energy became the most common renewable energy
source, because of its abundance and small pollution of environmental. In this paper, it
is analyzed the environmental impact of installed solar system at Serbian residential
building. The building has gas space heating or electric space heating and PV panels
and solar collectors installed on the roof. Installed solar systems emit a certain amount
of carbon dioxide in the atmosphere when generating electricity and heat. The
investigations in this paper were carried out with the aim of determining the optimal size
of solar systems, in which the minimum consumption of primary energy is realized. The
residential buildings with variable types of PV panels are investigated. For optimal size
of solar systems, emissions of carbon dioxide and emission payback-time (EPBT) are
calculated. The buildings are simulated in EnergyPlus environment. Open Studio plug-
in in Google SketchUp was used for buildings design, Hooke-Jeeves algorithm for
optimization and GENOPT software for software execution control.

Key words: Building; Solar systems; carbon dioxide emission; emission payback-time.

1 INTRODUCTION

The rapid population growth on Earth causes a steady increase of energy needs.
Therefore, humanity is in constant researching of new energy sources that would cover
the growing energy needs. The world currently covered their energy needs with
conventional energy sources, mainly fossil - nonrenewable energy sources, which have
a large number of negative impacts, especially on the environment. The currently
available way to reduce the levels of use of fossil fuels and thus reduce their harmful
effects (greenhouse effect, climate change, the phenomenon of acid rain, global
warming, etc.), is the development of new technologies using renewable energy sources.
However, at present there is no completely ecologically clean way of using energy, so
the use of the renewable energy sources, in addition to a series of benefits and
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advantages, has some negative impacts on the environment, though considerably less
and in a milder form.

Solar energy is the most capable of the alternative energy sources and it is
considered an attractive source of renewable energy that can be used for electricity
generation and domestic water heating in residential buildings. Photovoltaic (PV)
technology is an attractive option for clean and renewable electricity generation because
it represents the direct conversion of solar radiation into electricity. Solar water heating
systems are the cheapest and most easily affordable clean energy available to
homeowners that may provide most of hot water required by a family. Using
photovoltaics and solar collectors together, represent a great opportunity for reducing
the consumption of primary energy in residential buildings [1].

This paper reports investigations of the environmental impact of solar systems
(PV panels and solar collectors) installed on the building roof. The major aim of
investigation was determining the optimal size of solar systems, in which the minimum
consumption of primary energy is realized. The residential buildings with electric and gas
space heating are analyzed, with variable PV cell efficiency. The investigated building is
located in Kragujevac, Serbia. Generated heat energy is used for domestic hot water
heating. Electricity generated by the PV may be used for space heating, cooling, lighting,
and electric equipment.

The buildings are simulated in EnergyPlus environment. Open Studio plug-in in
Google SketchUp was used for buildings design, Hooke-Jeeves algorithm for
optimization and GENOPT software for software execution control.

2 SIMULATION SOFTWARES AND WEATHER CONDITIONS

2.1 Simulation softwares

EnergyPlus software simulates the energy use in a building and energy behavior
of the building for defined period. In this study, the version 8.1.0 was used. EnergyPlus
is made available by the Lawrence Berkley Laboratory in USA [2].

Open Studio plug-in in Google SketchUp software is a free 3D software tool that
combines a tool-set with an intelligent drawing system [3]. The OpenStudio is free plug-
in that adds the building energy simulation capabilities of EnergyPlus to the 3D SketchUp
environment.

GenOpt is an optimization program for the minimization of cost function
evaluated by an external simulation program. It can be coupled to any simulation
program that reads its input from text files and writes its output to text files. It has a library
with adaptive Hooke-Jeeves algorithm [4].

Hooke fJeeves optimization algorithm is used for the optimization, and it is direct
search and derivative free optimization algorithm [5]. In this algorithm, only the objective
functions and the constraint values are used to guide the search strategy. The main
advantage of this algorithm is reducing the compute time.

2.2 Weather conditions

The investigated residential building was located in the city of Kragujevac,
Republic of Serbia. Its latitude is 44°10 N and longitude 20955 E. In the city of Kragujevac
summers are very warm and humid, with temperatures as high as 37°C. The winters are
cool, and snowy, with temperatures as low as -12 °C. The EnergyPlus uses weather data
from its own database file.
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3 MODEL OF THE ANALYZE D SERBIAN BUILDING

The modeled residential building is shown in Figure 1. The building has the
south-oriented roof with PV array and solar collectors installed on the roof. The building
has two floors and 6 conditioned zones. The total floor area of the building is 160 m?2 and
total roof area 80.6 m2. The windows are double glazed. The concrete building envelope,
roof, and the floor were thermally insulated by polystyrene. In this investigation, the
polystyrene thickness was 0.15m [1].

Electricity is consumed for heating (case with electric space heating), lighting,
domestic hot water (DHW) and appliances. In the case of gas heating, the main part of
electricity was consumed by appliances.

The PV system consisted of the PV array and an inverter. It was an on-grid
system. The life cycle of PV array was set to 20 years, and the embodied energy of PV
panels to 3.75 GJ/m? [6, 7] and embodied CO2 emission of PV array was 40 g/kWh of
generated electric energy [8]. It is analyzed the PV array with variable cell efficiency. The
first case is the PV array with 12 % of cell efficiency, the second case is the PV array
with 14 % and the third case is PV array with 16 % of cell efficiency.

The life cycle of solar collectors is also set to 20 years, the embodied energy of
solar collectors is set to 1.85 GJ/m? [11], and the embodied CO2 emission of flat plate
solar collectors was 300 kg/ m? of solar collector area [8].

Figure 1. Analyzed building with intersections

4 ENVIRONMENTAL IMPACT S OF SOLAR SYSTEMS

When we talk about environmental analysis and adverse impacts on the
environment, all analyzes are primarily related to carbon dioxide emissions. Carbon
dioxide is a gas that is very low in the earth's atmosphere (0.037 %), but in addition to
methane, nitrogen dioxide and other harmful gases, it is most commonly found in the
structure of greenhouse gases as much as 83 %. About 98 % of CO2 emissions come
from combustion of fossil fuels, while the rest is emitted by combustion of waste, cement
and lime production, in various technological processes, etc.

Installed solar systems discussed in this paper emit a certain amount of carbon
dioxide in the atmosphere when generating electricity and heat. Regardless of the fact
that they are systems that have minimal harmful effects on the environment, their carbon
dioxide emissions are calculated according to the following equation:
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@)

where:

+ K H emission (kg/GJ annualy);
+ K H emission from PV array (kg/GJ annualy);

+ K H emission from solar collectors (kg/GJ annualy).

Carbon dioxide emitted from the PV array, according to [9], is 50 g of CO2/kWh
of generated electricity, and carbon dioxide emission from solar collectors amount to 72
g CO2/kWh of generated heat [10].

Total carbon dioxide emission is the sum of the carbon dioxide emission of
installed solar systems and the incorporated (embodied) carbon dioxide emissions
emitted from the production of analyzed solar systems. The total carbon dioxide
emissions are calculated according to the form

)

where:

+embodied K H emission from PV array (kg/GJ annualy);

+embodied K H emission from solar collectors (kg/GJ annualy).

Embodied carbon dioxide emissions from photovoltaic array and solar collectors
are given in [8].

An important parameter which shows the effect of solar systems on the
environment, is their emission payback time +EMPB.

Emission payback time is defined as the time during which the emission is
avoided due to the use of solar systems and is equal to the ratio of emissions generated
during the production and use of the installed solar systems (PV array and solar
collectors).

5 RESULTS AND DISCUSION

In this paper it is analyzed the influence of solar systems on the environment,
through energy optimization of yearly building energy consumption. This optimization
had the major goal to determine the optimal size of PV array and solar collectors, which
will yield the minimal primary energy consumption of the building. In this calculations,
the embodied energy of solar systems and building insulation was taken into account. In
the reference case, the photovoltaics cell efficiency was 12%.

Figure 2 shows the consumption of final and primary energy for a reference
building with two heating systems - electrical and gas space heating.
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Figure 2. Final and primary energy consumption in building with different
heating systems

Primary energy consumption is less for the building with gas heating system,
because of great value of primary conversion multiplier for electricity (3.04), compared
to the primary conversion multiplier for gas.

According to the energy optimization, building with electrical space heating has
optimal ratio of PV array on the roof of 91.25 %, which means PV array area of 73.6m?
and solar collector area of 7 m2. Building with gas heating system has optimal ratio of
PV array on the roof of 91.88 %, which means PV array area of 74.1m? and solar
collector area of 6.5 m2. These data means that in the case of building with electric
heating, the annual carbon dioxide emission of solar systems is 11.86 kg CO2/m?2 of solar
installation, while in the case of a gas heating building, the annual emissions of carbon
dioxide of solar systems is 11.57 kg CO2/m? of solar installations. Total amount of CO2
emissions of solar systems for a building with electric heating is 44.6 kg CO2/m? of solar
installation, and for the building with gas heating, total CO2 emissions amount is 42.5 kg
CO2/m? of solar installation. The graphical representation of the results is given in Figure
3.

The parameter that shows the influence of solar systems on the environment is
the emission payback time (EPBT). For analyzed buildings with electric heating system,
the emission payback time is 2.8 years, and for the building with gas heating system, the
emission payback time is slightly less - 2.7 years.
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Figure 3. Emission and total emission of CO- for energy optimized building
with different heating systems and 12 % of PV cell efficiency

With the PV cell efficiency of 14 % and 16 %, in all buildings, regardless of the
heating system, optimal ratio of PV array on the roof is 92.5 % (PV array area of 74.6
m2, and solar collectors area of 6 m?) and 93.13 % (PV array area of 75.1 m?, and solar
collectors area of 5.5 m?), respectively.

Figure 4. Emission and total emission of CO» for energy optimized building with
different heating systems and different PV cell efficiency (14 % and 16 %)

In the case of PV cell efficiency of 14 %, the annual carbon dioxide emission of

solar systems is 13 kg CO2/m? of solar installation, while the total amount of CO:
emissions of solar systems is 43.2 kg CO2/m? of solar installation.
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In the case of PV cell efficiency of 16 %, the annual carbon dioxide emission of
solar systems is 14.3 kg CO2/m? of solar installation, while the total amount of CO2
emissions of solar systems is 43.9 kg CO2/m? of solar installation (Figure 4).

Emission payback time for analyzed buildings with 14 % PV cell efficiency,
regardless of the heating system, is 2.3 years. For 16 % PV cell efficiency, the emission
payback time is 2.1 years, also regardless of the heating system. With the increase of
PV cell efficiency, the emission payback time decreasing due to the increase in the
amount of generated electricity.

6 CONCLUSION

The major aim of this investigation was analyzing environmental impact of solar
systems (PV panels and solar collectors) through energy optimization on serbian
building. With energy optimization, the optimal size of solar systems is determined, and
after that, the carbon dioxide emission and total CO2 emission is calculated. Investigated
buildings has gas space heating and electric space heating.

Primary energy consumption is significantly less for the building with gas heating
system.

With the increase of PV cell efficiency, the emission payback time decreasing
due to the increase in the amount of generated electricity.
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NOMENCLATURE

S carbon dioxide emission, kg/GJ
EMPB emission payback time, -

Subscripts and superscripts

CO2 carbon dioxide
emb  embodied

KOLL solar collector
PV photovoltaic (PV)
TOT total
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Abstract: Vast amount of materials used by the automotive industry may lead toward
environmental degradation. Thus ELV recycling management is of great importance in
sustainable development. The increase in the recyclability rate, preservation of raw
materials and energy resources, environmental protection and reuse of spare parts are
also significant factors of sustainable development. This paper presents an influence
model of ELV recycling equipment, and entities in ELV waste management in the
Republic of Serbia. Also, short recapitulation on the sustainable ELV recycling and
quality of life is introduced, defined by the economy, society, science, technology and
ecology.

Key words: Development, ELV, Recycling, Sustainability

1 INTRODUCTION

The waste generated by end-of-life vehicles (ELV) is a growing concern; the
global car production has increased by 37% from 2000 to 2013 [1] and this trend is
projected to continue. It is estimated that more than 2 billion vehicles will be in use
worldwide by 2050 [2].

In the process of sustainable development automotive recycling and thus
generated resources become a significant factor. EU Directives oriented toward ELV
recycling through processes of reuse of used parts and the recycling of materials present
sustainable activities to be introduced in Serbia in next years. Quality approach requires
guality and sustainable market. [3].

The problem of sustainable development management is getting more attention
than ever in past decades. There are numbers and different engineering, business,
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environmental and social factors which impact to sustainable development and
presented in [4]. It can be said that production and consumption of products, primarily,
end-of-life vehicles (ELV) have the highest influence on the sustainable development in
developed countries as well as in developing countries. ELVs are hi-tech products
composed of different recyclable materials and used in numbers of industries as
automobile industry, information technology industry, steel industry [5-6].

Recycling ELV and reuse of ELV parts, and metal recovery can lead to reducing
the consumption of natural resources, reducing waste and increasing environmental
protection and at the same time increasing effectiveness of many industries.

2 ELV RECYCLING IN THE FUNCTION OF SUSTAINABILITY AND QUALITY O F
LIFE

Quality of life has become the ultimate success formula functioning of the
institutions of the state and all social substructure. [7].

Quality of life can be measured through various economic and noneconomic
parameters. Which leads that the approach to the concept quality of life depends not
only on indicators of materials life standard but also on the variety subjective and
objective factors which affect on quality of life [8].

Sustainable development requires meeting the basic needs of all and extending
to all the opportunity to satisfy their aspirations for a better life. The strategy for
sustainable development aims to promote harmony among human brings and between
humanity and nature. The satisfaction of human needs and aspirations in the major
objective of development. [9].

ELV recycling presents essential contribution to the reduction of several different
influences on the environment. Besides this aspect, the effective usage of existing
resources contained in ELV and raw materials as recycling outputs reduce the rate and
velocity of natural resources exploitation. Through latter process various material are
obtained and part of energy is recovered, also the amount of waste materials for landfill
is significantly reduced. This may contribute to the reduction of landfill places, soll
recultivation and negative influences of landfill to soil. [10].

3 INFLUENCE OF THE ELV RECYCLING ON THE SUSTAINABL E DEVELOPMENT

Research in the project of technological development is defined by the model of
integrated and sustainable recycling of motor vehicles at the end of the life cycle in
Serbia, which are set basis for the development of new industries, thus creating real
conditions for intensive employment in the business of recycling. These activities include
collection and transportation of waste motor vehicles, dismantling them, selection of
components and materials, recovery of components for reuse, crushing shells and
chassis, the separation of materials, recycling materials, disposal of final waste. [11].

The ELV recycling influences the sustainable development in several manners,
of which the most significant ones are:

Application of regional sustainability model,

Application of ISO 9004:2008 standard for the sustainabilitiy of the process,
Application of balanced success cards,

Application of LCA method,

Application of simulation models.

The sustainable development is based on the modes that satisfies socio-

N
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economic norms and interests of citizens in a quality manner and simultaneously
eliminates or reduces significantly influences that present threats or negative influences
on the environment and natural resources. [12].

4 MODEL OF ELV RECYCLING EQUIPMENT INFLUENCE ON THE
ENVIRONMENT

ELV recycling equipment may influence on the environment in three manners:

Using material and energy for the production of components and equipment in
generas, Using resources during life cycle and by recycling of ELV components (Figure
1).

Figure 1. Basic model of influence on the environment

7KH ILUVW SURFHVV | WUHDWY SURGXFWLRQ SURFF
WKH SURGXFWLRQ RI (/9 UHF\FOLQJ HTXLSPHQW ,Q WKH LU
and energy for the production of recycling equipment obtained through marking needs
througKk UHODWLRQ J 7KLV SURFHVYV | LV FRQQHFWHG WR
| WKDW UHODWHV WKH FRQQHFWLRQ RI WKH UHF\FOLQJ |
FRPSRQHQWYV IRU UHF\FOLQJ 7KH UHWXUQ UHODWLRQ J
amount of materials, depending on the recycling capacities and type of material in ELV
components.
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