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FOREWORD

GREDIT2018, dedicated to Green development, Green infrastructure and Green technologies, is
a Second International Conference and overall a third scientific event of the GREDIT Family in
Skopje. The preparations for GREDIT2018 Conference begun just after the conclusions of GREDIT
2016 were drafted on April 1%, 2016. It came clear that there are mayor issues that need to be
addressed concerning the impact on the environment from human activities in several fields. Skopje,
the host city of GREDIT2018, as several other cities in the world, is challenged to urgently implement
green development, green infrastructure and green technologies so it can provide healthy urban
environment.

GREDIT2018 Conference is a place where scientific research is shared among fellow scientists
but also with the local and regional stakeholders and representatives from the industry.

The aim of the GREDIT2018 International Conference is to contribute to sustainable
development in a multidisciplinary way, exploring the following topics:

e Air —water — soil pollution

Risk assessment
Sustainable development, renewable energy resources and management of natural resources
Agriculture, Forestry, Agro-ecology, Food quality safety
Management of urban and industrial waste and waste water
Climate change — biodiversity — energy efficiency
Green smart cities/societies — green architecture, landscape design and transport
Health and environment

As a preparation for the Conference, two round tables were organized in the fields of:
“Unregulated landfills” and “Urban air pollution”.

This Conference has been organized as a joint effort of the Ss. Cyril and Methodius University
in Skopje, Balkan Environmental Association BENA, the Chamber of certified architects and
certified engineers of Macedonia, PAKOMAK, FUEL and 6™ Star.

We are grateful for the mutual cooperation of the International Scientific Board members of
the Conference, the members of the honorary presidency of the Conference and the Organization
Board with the authors and researchers present at GREDIT2018.

All of our efforts were supported and sponsored by the Organizers and Sponsors of the
Conference who have shown high social responsibility. The support from the sponsors and contri-
butors of the Conference is highly appreciated.

GREDIT2018 Organization Committee



IMPEAT'OBOP

Kondepennmjata GREDIT2018, nmocBerena Ha 3eneH pasBoj, 3ejeHa MHPpACTPyKTypa H
3eJICHU TEXHOJIOTHH, € BTopa BO Hu3arta koHpepenuu nox openaor GREDIT u TpeT Hayyen nHacran
noa uctuot opena. [loaroropkure 3a GREDIT2018 3anounaa BegHan o 3aBpinyBameTo Ha [IpBaTa
MeryHapoHa KOH(EepeHIrja U JOHECYBambeTO Ha 3aKiydonurte oj Hea Ha 1 ampun 2016 roguna.
VYuire Toram craHa jacHO Jeka MMa MHUTY Ipallamka MOBpP3aHH CO BIMjaHUETO HAa YOBEKOBUTE
aKTUBHOCTH BP3 KUBOTHATA CPEIMHA, HA KOM Tpeba na ce mocserume. CKomje, TpajoT JOMaKuH Ha
GREDIT2018, xako 1 HEKOJIKY IpYT'y TPaJO0BH BO CBETOT, IPUOPUTETHO pabOTH HA UMITJIEMEHTAlIK]a
Ha TPHUHIMIIATE Ha 3€JICH Pa3Boj, 3eJieHa MHPPACTPYKTYpa U 3€JICHU TEXHOJIOTHH, 3a J]a MOXE J1a
o0e30eau 3apaBa ypbaHa cpevHa.

Kondepennujara GREDIT2018 e HacTan kajie HAy4HUTE HCTPaXKyBama Ce CIOJEIyBaaT co
Hay4YHAaTa jaBHOCT U MHIYCTPHjaTa M CO MPETCTABHHUIIA HA JABHUOT CEKTOP.

Ha xoudepenmnujaTa 6ea npesertupanu 127 tpyaa ox aBropu ox 16 3emju. Enen nem ox
TPYIOBHUTE O]l KOH(epeHujara ce 00jaByBaaT BO CIIMCAHUETO MaIIMHCKO HHKXEHEPCTBO — HAYYHO
CIIHCaHUeE.

Temu Ha kKoH(pepeHIMjaTa Oea:

3arajyBame Ha BO3/yX, BOJIa, 104BA

[Tponena Ha pu3uK

Onp>xiuB pa3Boj, OOHOBIMBY U3BOPH Ha €HEPruja U yIpaByBambe CO IPUPOAHUTE PeCypcr
Arpo-exoinoruja

VYnpaByBame co ypOaH U MHIYCTPUCKU OTHAJA U OTHaHU BOJH

Knmmarcku npomMenu, OMOMBEP3UTET, EHEPreTCKa ePUKacCHOCT

3e7IeH TaMETHU TPaI0BH/OMIITECTBA, 3€JIeHA APXUTEKTYpa U TPAHCIIOPT

JKuBoTHa cpeiMHa U jaBHO 37paBje

Kako moaroroBka 3a oBaa KOH(epeHIMja ce oapkaa aBe paOTHH cpeadu Ha TEMHUTE:
,Heperynupanu AenoHuu u ,,Y poaHo 3arajyBambe Ha BO3TyXOT".

Kondepennujara Gemre opranu3upana 3aeIHUYKH 0J YHUBEp3UTeTOT ,,CB. Kupuin u Mero-
1) Bo Cxomje, MamuHckuoT ¢dakynreT, bankanckara aconujaiyja 3a )uBoTHa cpeinHa, Komopara
Ha OBJIACTEHU apXUTEKTH U oBlacTeHn nwxeHepu, [IAKOMAK, IlenTapot 3a uctpakyBame U pa3Boj
OVYEIJI oxg Ckomje u 6. SBe3na.

bnarogapuu uM cMe 3a MmefyceOHaTta copaboTka Ha 4YJ€HOBUTE Ha VIHTEepHAIIMOHAIHHOT
Hay4deH oJ00p, WICHOBUTE Ha MOYECHOTO IMperceaaresictB0 M OpraHum3anuckuor oa0op Ha

Kondepenuujara, kako U Ha HCTpaKyBauuTe€ U aBTOPUTE KOU MpPE3EHTHpaa CBOMU TPYAOBH Ha
GREDIT2018.

KoH HammTe MOAroTOBKH 3a OJIp)KyBame Ha KOH(epelujara ce MPUKIyYHja U HEJ3UHUTE
MOJAPKYBAYX U CIIOH30pU KOM TTOKa)kaa BHCOKA COIlMjajTHa OJTOBOPHOCT. 3a HWBHATA IOJIPIIKA
GREDIT2018 e muory OGiaronapeH.

Opranuzanucku og6op Ha GREDIT2018
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CHALLENGES OF MACEDONIAN ENTREPRENEURIAL ECOSYSTEM
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Abstract: This paper presents the principles for formation, development and sustainability of entrepreneurial
ecosystems, with the focus on the Macedonian ecosystem. It includes the analysis of the theory of entrepreneurship and
start-up ecosystems and, in addition, their role in economic growth, both locally and nationally, is explained. From the
theoretical analysis, the definitions and explanations for entrepreneurship and start-up ecosystem are presented in detail.
Within the practical part, a significant number of interviews have been conducted in order to obtain information on
how people perceive the process of opening their own business, and to highlight the problems that entrepreneurs faced
when opening a business. The research shows that there is an active entrepreneurial ecosystem in Macedonia, but it is
necessary to unify and upgrade the offered services. The paper ends with number of recommendations for strengthening
the Macedonian entrepreneurial eco-system.

Key words: ecosystem; entrepreneurship; Macedonia; start-up; entrepreneurial ecosystem

HOPEAU3BULA HA MAKEJOHCKHUOT NIPETIIPUEMAYKHU EKOCUCTEM

AmcrTpax T OBOj TpyA I'M Hpe3eHTHPa NPHUHIMINTE HAa BOCIOCTABYBamE, Pa3B0j W OAPKIMBOCT Ha
MIPETIIPUEMaYKUTe eKOCHCTEMH CO MoceOeH (OKyC Ha MaKeJOHCKHOT eKOCHCTeM. Bo TpyaoT e BKiIyueHa aHanm3a Ha
TeopHjara 3a MPETIPHEMHHUIITBO U 32 CTApPT-all eKOCUCTEMHUTE, a TIPe3eHTHUpaHa € W HUBHATA yJora BO Pa3BOjoT HA
€KOHOMMjaTa KaKo Ha JIOKATHO TaKa M Ha Ap>kaBHO HUBO. O] TEOPETCKH aCTIEKT AETAIHO Ce IMPE3EHTHPAHN Je(hUHUTINN
Ha TIPETNIPHeMadKy M CTapT-all eKOCHCTEMH. Bo paMKHTe Ha CIIpOBEIEHHUTE NMPAKTHIHU aHAIM3H Oelle CIpOBEICH
3HAYUTENCH OpOj MHTEPBjya CO TojieM Opoj aKIMOHEPH U MPETIPHEMaydH cO Lel Jla c€ 0CO3HAaaT NMpoOJIEeMHTE U TIpe-
MIPEKHUTE CO KOM Ce COOUyBaarT JIMIaTa KoM 3all0YHyBaaT HOBU OM3HKCH. MICTpaxkyBameTo mokaxa Jieka Bo MakenoHuja
MOCTOM aKTHBEH MPETIPUEMauKy eKOCHCTEM, HO JIeKa € HEeOIIXOHO TOj Jia ce OOCIMHM U Jia ce HaArpaau TeKOBHATa
HoHy/a Ha yciyru. TpyaoT 3aBpliiyBa co HM3a MPENOpaKkH 3a 3ajaKHyBambe Ha MAKeJOHCKUOT MIPETIIPUEMauKH eKOCHC-
TEM.

Kny4ynu 360poBH: eKOCHCTEM; IIPETIIPUEMHHINTBO; MaKe0oHHja; CTapT-al; IpeTHpHEeMadKH eKOCHCTEM

1. INTRODUCTION Republic of Macedonia, in the last couple years, a

socio-economic environment (ecosystem) is condu-

The latest data from the Global Entrepreneur-
ship Monitor for 2015/2016 show that in the Repub-
lic of Macedonia most of the newly created busi-
nesses are opened from necessity, not from per-
ceived opportunity [1]. The number of businesses
open from necessity, as opposed to businesses
started as a result of a certain opportunity, is twice
as big. However, looking on 10 years scale in the

cive to creating (opening) new businesses, which
would be opened from a perceived opportunity, not
necessity (as is the current situation).

Researchers and policy makers are increas-
ingly applying the concept of entrepreneurial eco-
systems to understand and explain why in certain
regions, the concentration of fast growing com-
panies is much higher in relation to other regions /
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cities. Although the concept of entrepreneurial
ecosystem in the past 5-10 years is analyzed more
intensively by researchers, historically, these
analyzes have their roots first in biology [2], then in
geography [3, 4], sociology [5] and economic
research [6, 7]. This basic research builds on
modern research on the entrepreneurial ecosystem,
among which the most popular are the Start-up
Communities of Feld [8], as well as the work of
Katz and Bradley [9] for matching metropolitan
policies in the function of economic development.

The entrepreneurial ecosystem is an eco-
nomic, social and political environment that sup-
ports the entrepreneurship process, providing sup-
port and resources that enable start-up companies to
rapid growth and development [10, 11].

In this system there are numerous stakeholders
who in various ways are involved in supporting the
formation of new businesses. Figure 1 shows one
possible approach to define the entrepreneurial eco-
system, which shows the complexity of the issues
that are the subject of study in this paper [12].

+ National and local
institutions

* Financial support

* Law frame

* VAT reduction

¢ Research institutions

* Strategies

* Success stories
+ Tolerances
Entrepreneurlal + Innovation

/ Innovation + Creativity
+  Ambitions
ecosystem

| )

+ Early buyers + Micro loans
+ Distribution channels + Business angels
+ Entrepreneurship networks « Family, friends

Human capital

+ Competences

* Education institutions
* Informal education

* Entrepreneurship

education . Dlaspurar o + Private capital
* Multinational organizations
Infrastructure Professions NGO
* Telecommunication Incubat p "
* Incubators : + Promotion
» Transport + Legal and accounting
. Lopisti * Accelerators * Competitions
ogistics + Mentors
*+ Clusters + Conferences

+ Energy

Fig. 1. Stakeholders of entrepreneurial ecosystem
(Source: Polenakovikj M., 2017)

In order this ecosystem to develop sustainably,
it is necessary to fulfill many conditions, such as:
appropriate culture — which supports risk taking, in-
novative thinking, etc.; access to finance necessary
for the development of new products and/or ser-
vices; support institutions (which will provide ap-
propriate, quality training and mentoring for start-
up companies); and other preconditions [13, 14].

In order to better understand Macedonian en-
trepreneurial ecosystem, beside theoretical analysis
of literature from the area, the “on-site” analysis

consisted of a survey of a broad population and in-
terviews with representatives of ecosystem stake-
holders was realized. The survey of the general pop-
ulation covered over 200 respondents, while over 40
stakeholders were interviewed in order to obtain rel-
evant information that can better describe the Mac-
edonian ecosystem.

2. LITERATURE OVERVIEW

Defining the concept of entrepreneurship is a
difficult task because among the many theorists and
practitioners there is still no generally accepted def-
inition, or approach in explaining entrepreneurship.
According to Robert Price, "there are very few
words in the lexicon of business terms that are so
badly and differently defined as the case with the
word entrepreneurship. The concept of entrepre-
neurship in modern society has been perpetuated for
thousands of years, and in some cases the word has
been overused, and many times misused” [15].
There are hundreds of different definitions and clar-
ifications in the literature. Although the notion of
entrepreneurship first appeared in Cantillon's works
as early as 1730, where he introduces the concept of
entrepreneurship by analyzing the work of sellers,
farmers and craftsmen of that time [16], then Say in
1803 [17], the first serious analysis of entrepreneur-
ship was made by Austrian-American economist
Schumpeter in 1934 [18]. In the last three to four
decades, entrepreneurship has been seen as the driv-
ing force of economic development, structural
changes and the creation of new jobs, and thus as a
key tool in the fight against global poverty. Not go-
ing in depth analysis of different approaches in un-
derstanding entrepreneurship, the authors of this pa-
per are adopting European Commission definition
of entrepreneurship: “An individual’s ability to turn
ideas into action. It includes creativity, innovation
and risk-taking, as well as the ability to plan and
manage projects in order to achieve objectives. This
supports individuals, not only in their everyday lives
at home and in society, but also in the workplace in
being aware of the context of their work and being
able to seize opportunities, and is a foundation for
more specific skills and knowledge needed by those
establishing or contributing to social or commercial
activity. This should include awareness of ethical
values and promote good governance” [19].

As it is the case for the entrepreneurship, also
terms ecosystem, or entrepreneurial ecosystems,
have number of different approaches, explanations
and definitions. One possible approach in definition
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of these terms has regional development approach.
In that direction Roger R. Stough, Robert J. Stim-
son, and Peter Nijkamp [20], in analyzing different
theories and models for securing regional develop-
ment, introduce the term sustainable innovative de-
velopment as the basis for regional development.
Such sustainable innovative development is based
on 5 critical success factors:

1. availability of productive capital,

2. the presence of human capital,

3. access to social capital (communication and
interaction between people, business net-
works, trust-based relationships),

use of creative capital, and

existence of ecological capital.

From their analysis and research, it is noted
that the responsibility for securing regional devel-
opment is not only in the hands of one stakeholder,
but more and more partners come from different or-
ganizations, who at times have even completely dif-
ferent goals and intentions. All these stakeholders
are an integral part of a network that is dominant and
through which Brad Feld [8] distributes positive
energy, activities and innovations in society. He
says that in the physical world most of that energy,
activities and innovations appear in small geograph-
ical regions that he calls "start-up communities",
while scientists call them micro-economic clusters,
and more recently the word entrepreneurial eco-
system is used.

Again, there are numerous approaches of de-
fining key factors of entrepreneurial ecosystem.
One of the most influential structure of entrepre-
neurial ecosystem was provided by World Eco-
nomic Forum — WEF [21]. Their research surveyed
over 1,000 entrepreneurs from around the globe
with the goal of better understanding how success-
ful entrepreneurial companies speed access to new
markets and become scalable, high-growth busi-
nesses. WEF experts suggested 8 pillars of an entre-
preneurial ecosystem (Figure 2).

Analyzing the role of the university in the en-
trepreneurial ecosystem, Davey and Galan-Muros
recognized four key elements of a systematic entre-
preneurial ecosystem [22]:

1. Cultural and intellectual capital, including
contributions to knowledge and experience;

2. Strategic capital, related to improvements in
reputation and authority;

3. Network capital, comprising support from
networks and relationships; and

4. Economic capital, consisting of increases in fi-
nances or resources.

o &
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Fig. 2. Eight pillars of an entrepreneurial ecosystem
(Source: World Economic Forum, 2014)

This effective ecosystem was not created over-
night nor through a purposeful effort by the state or
an individual. Rather, numerous actors and factors
have contributed to creating an ecosystem that sup-
ports innovative, high-growth entrepreneurship
which in turn has helped the region avoid the de-
cline and population loss that commonly afflicts old
industrial regions in the new knowledge-based
economy. The entrepreneurial ecosystem approach
provides a framework for integration of insights
from the academic literature on regional entrepre-
neurship and the approach includes several valuable
novel contributions to our understanding of the en-
trepreneurship process and its impact on regional
economic development [23].

3. ENTREPRENEURIAL ECOSYSTEM
IN THE REPUBLIC OF MACEDONIA

The development of a local and regional entre-
preneurial ecosystem is an important link in the
chain of providing long-term economic growth and
development at local, regional and national level.
Analyses show that although there are various
stakeholders of the Macedonian ecosystem, they
still do not function in synchronization in securing
regional development when it comes to regional
level. Therefore, more than ever, we need the devel-
opment of a local and regional entrepreneurial eco-
system that can be initiated, stimulated and sup-
ported by a variety of stakeholders: municipalities,
universities, development agencies, centers for de-
velopment of the planning regions, strong non-gov-
ernmental institutions, venture capitalist, etc.
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This ecosystem should foster the competitive-
ness and innovation of the private sector in the re-
gion. Given that entrepreneurs, and the private sec-
tor has the leading role in the design and develop-
ment of such an ecosystem, it is crucial to encourage
all stakeholders of the ecosystem to continuously be
active and support their activities for strengthening
the ecosystem.

Responsibility in developing such an ecosys-
tem is not just in the hands of one stakeholder, but
rather on several stakeholders from different organ-
izations. According to the experience of the devel-
oped countries, a different types of entrepreneurial
ecosystem is needed at the regional level, since the
energy, activities and innovations themselves ap-
pear in smaller geographical regions. This entrepre-
neurial ecosystem is being developed by local entre-
preneurs, but it is appropriate to encourage all stake-
holders to engage in it.

In order to review Macedonian entrepreneurial
ecosystem in 2016-2017 “on-site” research was
conducted that included the survey of the general
population covered over 200 respondents, while
over 40 stakeholders of the ecosystem were inter-
viewed.

The realized research showed [12]:

1. Inthe Republic of Macedonia there is an en-
trepreneurial ecosystem that is dispersed in
various locations throughout the country.
At least 20 micro-entrepreneurial ecosys-
tems in the state can be recorded.

2. Unfortunately, Macedonia is lagging be-
hind its closest neighbors when the innova-
tions are in question, especially in the part
of newly formed start-up companies, but
now more than ever before, there is interest
and potential that entrepreneurs can encour-
age in creating new innovative companies.

3. Skopje, as a center of socio-economic life,
as the capital of the state, and as a concen-
tration of businesses and universities domi-
nates the rest of the country from the aspect
of most-developed ecosystem.

4. In each of the existing ecosystems there is
no element that is a pillar of ecosystem de-
velopment.

5. The role of the leader in the ecosystem is
problematic. Although the theory suggests
it to be a business sector, this is not the case
in Macedonia, except in the example of the
SEAVUS Incubator.

6. Most often, the ecosystem is run by institu-
tions that have been earmarked for donor

assistance, and they manage to continue to
exist even after the completion of the initial
donor projects.

7. The analysis showed that the main prob-
lems that our ecosystems face (not all fac-
tors are relevant for the different ecosys-
tems) are:

— Lack of financing in the initial phase
(start-up capital);

— Lack of financing in the middle phase of
start-up development (venture capital);

— Lack of support from the local commu-
nity in the development of the ecosystem;

— There are not enough experienced leaders
who would lead and manage the eco-
system;

— Poor interest among the entrepreneurs and
the business community for the develop-
ment of the ecosystem and their involve-
ment as mentors and advisers;

— Problems with the legislation in certain ar-
eas such as: payment abroad, the need to
follow all regulations and for a company
of 3 employees and a company of 50 em-
ployees (e.g. Law on protection at work);

— Insufficiently developed system for start-
up support in terms of training and men-
toring and initial training;

— Insufficiently developed networking (con-
nections and connectivity), especially
with foreign countries;

— Insufficient pre-knowledge about the
functioning of the domestic legal-eco-
nomic system and the way the start-ups
function at the beginning of their devel-
opment;

— Lack of entrepreneurial education in the
formal education system, especially at the
university level.

4. CONCLUSIONS
AND RECCOMMENDATIONS
FOR IMRPOVING MACEDONIAN
ENTREPRENEURIAL ECOSYSTEM

Macedonian entrepreneurial ecosystem should
be driven by the market and fine-tuned by culture
and local customs, while main pillars that are cor-
nerstone of the ecosystem are: business sector, state
institutions, policy and legislation, financial sector
and non-governmental sector.
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The recommendations for strengthening of
each of these pillars and overall Macedonian entre-
preneurial ecosystem are [12]:

« Policy and legislation

— Further implementation of reforms such as
tax guillotine where simplification of proce-
dures for opening and running a business will
be simplified;

— Simplify procedures for closing a business;

— Tax incentives when purchasing equipment
intended for research and development, i.e.
for the development of innovative products
and services;

— Development of municipal strategies for pro-
moting and supporting the entrepreneurial
ecosystem.

e State institutions

— Development of infrastructure to support
start-up companies at all levels — state, re-
gional and local levels (incubators, hubs, ac-
celerators, co-working space, more technol-
ogy parks, etc.);

— State subsidies, but implementation at the lo-
cal level;

— Strengthening the capacities of the local ad-
ministration responsible for regional / local
development;

— Trainings of teachers and teachers on topics
of incentives and entrepreneurship at all lev-
els of education;

— Introduction of subjects related to entrepre-
neurship at all faculties in the Republic of
Macedonia;

— Stimulating competitions related to entrepre-
neurship.

e Business sector

— Greater involvement of chambers and other
associations in support of start-ups (in the
form of mentoring and transferring their ex-
periences);

— Development of clubs of young entrepreneurs
within the chambers and associations;

— Development of specific sectors within the
chambers and associations that would take
care of the start-up community (special funds
for initial financing).

» Non-governmental sector

— Strengthening of entrepreneurship develop-
ment, business angels, youth entrepreneur-
ship campaigns;

Mawi. unore. nayu. ciiuc., 36 (2), 97-102 (2018)

— Strengthening the capacities of non-govern-
mental educational institutions in the areas of
competitiveness of micro, small and medium-
sized companies, innovation management,
management with new product development,
entrepreneurial education;

— Monitoring and suggestions for improving
state policies related to entrepreneurship.

¢ Financial sector

— Banks to provide simpler procedures for ob-
taining loans — start-up credits;

— Establishment of venture capital funds;

— Extending FITD (Fund for Innovations and
Technology Development) activities (in
terms of size of funds and support palette for
start-ups and small and medium-sized com-
panies);

— ESA to decentralize programs at local level
for municipalities to be more responsible for
the support and development of local entre-
preneurial ecosystems;

— Attracting funds from expatriates (diaspora)
and from the aspect of finance and from the
aspect of knowing how to manage investment
funds;

— Develop alternative ways of financing such as
crowd-financing;

— Strengthening and increasing the networks of
business angels in the Republic of Macedonia.

e Culture and local customs (as a community
where all the previous factors exist):

— Promote activities that involve taking calcu-
lated risk;

— Focus on activities that will fail to perceive
the collapse of the business as something ter-
rible, but as an opportunity to learn from mis-
takes and give a second chance;

— Greater media coverage of all activities rela-
ted to innovation and entrepreneurship (fairs,
business plan and start-up competitions, etc.);

— Development of specialized educational TV
shows that will address topics — How to start
a business? How to finance a start-up busi-
ness?

— Displaying successful entrepreneurial stories
of domestic and world-renowned entrepre-
neurs, etc.

* Market
— The market is the beginning and end of each

ecosystem. It is the reason for the existence
of any business.
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Abstract: This paper proposes modern railway rolling stock maintenance model. The maintenance of railway
rolling stock is a key factor for successful and safe operation of the railway system. The paper research shows in detail
the key maintanace quality indicators, such as: reliability, availability, efficiency, functional capability and capability
to maintain the railway rolling stock. The key maintenance quality indicators mostly depend on the selection of the
basic conceptual maintenance models, preventive maintannace and the corrective maintenance concepts. The new con-
cept which is used more often, is condition based maintenance (CBM). The main purpose of this paper is to create a
most convenient concept for railway rolling stock maintenance. The selection of the concept is focused on the definition
of the existing maintenance concepts and their comparison with the concept of condition based maintenance. The paper
shows examples of condition based maintenance, and by analyzing the results from the examples it comes to a conclu-
sion that the most appropriate maintenance model is the condition based maintenance. Also, according to the costs
analyses it can be concluded that from economical point of view the preferred selection of a modern railway rolling
stock maintenance model is the preventive maintenance model, i.e. condition based maintenance.

Key words: modern maintenance models; railway rolling stock; maintenance concepts; preventive maintenance;
corrective maintenance; condition based maintenance

PA3BOJ HA MOJEJI 3A OJAP)KYBAIBE HA KEJIE3HUYKHN HIMHCKU BO3UJIA

AmcTpaxkT: BooBoj Tpya ce npessiara COBpeMEH MOJIEN 32 OJIPIKYBAE Ha JKEJIE3HHUYKUTE IIMHCKH BO3UIIA.
OnpKyBameTO Ha XKENC3HMIKUTE IIMHCKH BO3MJIA € KiIydeH (DakTop 3a ycrenrHo u 6e36eaH0 GyHKIHOHHUpamke Ha Ke-
JICBHUYKUOT CUCTECM. I/ICTpa)KyBaH)aTa JACTAJIHO TH npm(a)KyBaaT I'JIAaBHUTEC HH}ll/IKaTOpI/I Ha KBAJIMTECTOT Ha 0)1p>KyBa-
ETO: HaZ@KHOCTA, PACHIONIOKIIMBOCTA, epEKTHBHOCTA, (QyHKI[MOHAIHATA CIOCOOHOCT U CIIOCOOHOCTA 32 OAPIKYBamke
Ha JKEJIE3HUYKHUTE [IMHCKK BO3MJIa. [ JTaBHUTE HHIMKATOPU HA KBAJIMTETOT HA OZIPXKYBAMETO BO rojieMa Mepa 3aBHCaT
o1l u360pOT Ha KOHIIEIIIUCKATE MOJEIU Ha OApxyBame. OCHOBHHUTE KOHIEMIMH HA OJPXKYBAE HA JKEIE3HHIKHTE
[IMHCKH BO3MJIA CE MPEBEHTUBHO M KOPEKTUBHO OJIpKyBarbe. HOBHUTE KOHLIENTH KOM CE MOBEKE ce KOPHCTAT ce 0asu-
paHu Ha IpHMeHa Ha OJpXKyBame cropena cocrojoa (CBM). I'maBHata 1ie1 Ha 0BOj TPY/I € Ja ce CO3/1a/ie HajIoroIeH
KOHIIETIT Ha OJIPYKYBakb€ Ha JKEJIE3HMUKUTE HIMHCKH BO3MIA. MI360pOT Ha KOHIENTOT ce (POKycHpa Ha JeUHUPArLE Ha
NOCTOJHUTE KOHIICIITH Ha OAP)KYBame M HUBHA CIIOpeAda co KOHIETITOT Ha O/IpXKyBame cropes coctojba. Bo tpynot
Ha peasieH Cilyuaj e MpUKakaHa IPHMEHa Ha O/IPXKyBambeTo cropes coctojoa. O aHai3a Ha Pe3yATaTUTE O CITy4ajoT
ce 100MBa 3aKJIYYOK JIeKa HajCOOBETEH KOHIICNT Ha OJPKYBAHE € OJPIKYBABETO cropea coctojba. Ox aHanns3a Ha
TPOLIOLIMTE MOKE [1a C€ 3aKITy4H JIeKa U O] EKOHOMCKA TJIe[HA TOYKa H300POT Ha COBPEMEH MOJICI Ha OJIPXKY Barbe Ha
JKEJIE3HUUKUTE IIMHCKH BO3HUJIA € MOJIEJIOT Ha IIPEBEHTUBHO OJIPKYBAKE, OJIHOCHO OJ[PIKYBALETO CIIOPE] COCTOj0ara.

Kiy4nn 300poBH: COBpeMEHH MOJEIH Ha OPKYBamkbE; KEIC3HUUKY IIMHCKH BO3UIIA; KOHLICITH 32 O KyBaIbe,;
HPEBEHTUBHO OJIPXKYBahe; KOPEKTHUBHO OJPIKYBAmhe; OJPXKYBALE CIIOpe]] COCTOj0a
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1. INTRODUCTION

The maintenance concept implies the princi-
ples under which the plan and the maintenance
program are implemented, but the rapid develop-
ment of technology is a process that leads to a
change in the approach to the maintenance process.
The greatest significance of every maintenance
strategy is the concept of maintenance, since the
overall quality of the maintenance depends on the
conceptual solutions [1].

The rapid development of high performance
technical systems that should fulfill their function in
general, technical, safety, environmental and other
requirements demands an essential need for a mod-
ern way of control and maintenance. The mainte-
nance, although not main activity of many compa-
nies, today, many organizations often place it on the
margins of the governance process and often con-
sider it costly (especially preventive and basic
maintenance).

On the other hand, until now, there are evident
obstacles that prevent the fulfillment of all condi-
tions for modern transport, such as: the low level of
interoperability between the railway infrastructure,
the railway vehicles and the systems for managing
and regulating the railway traffic. In order to over-
come the compatibility problems of the various sys-
tems, generally in the rail system, the European Un-
ion has introduced a series of legal solutions and
specifications that regulate the interoperability of all
stakeholders of the railway system, regardless of
which producer, product or for which country are
intended. These standards that govern the compati-
bility of the rail system are referred to as the Tech-
nical Specification for Interoperability (TSI) and
cover the areas of infrastructure, rail vehicles, en-
ergy, management and maintenance subsystems,
railway subsystems, signaling, exploitation and oth-
ers. However, despite the defined standards and
specifications for interoperability, some of the char-
acteristics of railway vehicles can not be controlled,
measured or managed in the most efficient manner
by applying the existing methods, since the speed of
development and the complexity of the technical
systems determines the need of more responsible
and higher level of control and maintenance.

Modern maintenance approaches require ac-
tion to the maintenance procedures and their pre-
ventive character, i.e. the actions to be carried out
before the appearance of the defect, in order to pre-
vent or delay the occurrence of the defect [2]. The
constant development of railway vehicles requires
finding new modern maintenance models. The

essence of the modern approach to the maintenance
of railway vehicles lies in the safe diagnostics and
processing of systematized measurement data.

2. LITERATURE RESEARCH REVIEW

Several definitions are used to define the term
maintenance itself. From all these it can be con-
cluded that the main purpose of the maintenance is
to maintain the functional ability of the means of
work according to their purpose, according to the
requirements of the production function under
given conditions and with certain costs [1, 3].

The quality of the maintenance depends
greatly on the choice of the maintenance strategy.
In order to move towards the selection of a mainte-
nance strategy, it is necessary to clearly understand
what are the goals to be achieved and what are the
maintenance activities.

The three main objectives that need to be
achieved with the maintenance are [4]:

1) Minimizing the costs due to a halt in work
caused by unplanned defects of railway rolling
stock.

2) Prevention or slowing down the process of
aging of railway vehicles.

3) Reduction the cost of operations which
arise as a result of increased failures and delays in
their work process.

There are other maintenance objectives that
can be considered from a technical and technologi-
cal point of view, but also from an economic point
of view, and all of them are further presented and
analyzed in this paper.

The main task of the technological process of
maintenance consists of the organization of opera-
tions that provides high quality repair, the shortest
time of retention of the railway vehicle in the pro-
cess of repair and the lowest costs of its execution.
The main maintenance activities are [5]: checking,
adjusting, calibrating, measuring, service / lubricat-
ing, repairment, replacement, overhaul and recov-
ery.

From the point of view of the very process of
maintenance of the rolling stock, any rail vehicle
can be considered as a whole or a system composed
of separate parts, devices and elements [6]. In both
cases, the basic indicators of the quality of railway
vehicles can be defined as: reliability, availability,
effectiveness, functional capability, maintenance
ability and safety. The definition of these indicators
does not only apply to railway vehicles, but also

Mech. Eng. Sci. J., 36 (2), 103-112 (2018)



Development of model for maintenance of railway rolling stocks 105

applies to the entire railway system. In international
professional literature these indicators are also
known under the name of the standard RAMS, that
is the acronym comprised of: Reliability, Availa-
bility, Maintainability, Safety. The RAMS's goal is
that the rail system reaches a defined level of rail
traffic at a given time under security conditions [7].

The constant recording and rapid response in
case of detected defects substantially reduces the
possibility of greater damage as well as a longer
disturbance of the railway timetable [8]. Compared
with the maintenance of production systems, re-
searches on maintenance of railway vehicles are
relatively low and rare. The researchers Dipark
Chaudhuri and P. V. Suresh (1995) developed in
their work an algorithm for determining the best
maintenance model, the length of the period and the
replacement policy using the probability theory [9].
This study does not take into account the safety
when forming the maintenance model, which is a
key factor in maintaining the rolling stock.

Regarding the spare parts, the researchers
Chelbi and Ait-Kadi (2001) propose a common op-
timum periodic replacement and a spare parts de-
livery model. The work of this model is evaluated
in terms of total average cost per time unit for an
indefinite period [9].

The authors Yun and Ferreira (2003) de-
scribed in their study a model for simulation which
assesses the conditions for alternative models for
replacing parts of the railway vehicles [9]. The
main purpose of the model is to determine the opti-
mum replacement model, given the replacement
cost and the operating costs for an appropriate roll-
ing stock. Replacement costs consist of fixed and
variable costs depending on the units that need to
be replaced. As a criterion for comparing the pro-
posed measures, the period and the total projected
costs are taken. In doing so, it is very difficult to
accurately determine the amount of spare parts that
needs to be purchased at a certain time. This is the
main research thesis considered in the research of
Almeida (2001). The researcher Almeida presented
the decision-making models on the basis of a num-
ber of criteria, mainly for two maintenance issues:
the selection of a contract for the repair and pro-
curement of spare parts [9]. The problem with
choosing a repair contract is a model that contains
the consequences that are presented through the
function of using more choices. The consequences
are the price of the contract and the time of execu-
tion, represented by the time lag of the system.
Also, in the case of the decision model for the pro-
curement of spare parts through the function of
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using more choices, they are assessed with the two
criteria: risks and costs [10].

The researchers Chaudhri and Suresh (1995),
Cassady et al. (1998) and Nakagawa (1989) con-
ducted their research on the principle of reducing
maintenance costs in order to find the best method
for replacement [9]. They considered the mainte-
nance costs including the costs for preventative
maintenance and maintenance costs for damaged
facilities [11].

The authors Huang et al. (1995), Sarker and
Haque (2000) suggested that the rates of the impair-
ment system increase with a depreciation rate [9].
When the maintenance costs of the defect will be
greater than the cost of preventative maintenance,
the appropriate time period for preventive mainte-
nance will reduce the total maintenance costs. To
obtain a more realistic outcome, we can apply the
"Weibull" allocation of depreciation to the compo-
nents of the rolling stock. Most researches on
maintenance models and replacement policies are
aimed at developing a model that takes into account
total costs. The model for maintenance of railway
vehicles should not rely solely on a model that takes
into account the costs only. When choosing a
model, safety must be included as a key factor as
well as the adoption of a decision-making model by
experts (for example, using the ANP method - an
Analytical Network Process [9]), that is, a way to
select an appropriate maintenance model for rail-
way vehicles [12].

3. CONCEPTUAL MAINTENANCE MODELS

The maintenance concept can be defined as a
long-term plan that covers all aspects of mainte-
nance. This sets the direction of the maintenance
management and precise action plans to achieve the
desired future state of the maintenance function.
The maintenance concept is part of the hierarchical
maintenance process in which decisions are made
on the selection of recommended concepts and
models based on the strategy and priorities of the
company.

In accordance with the European standard EN
13306, the basic concepts of maintenance of the
railway vehicles are preventive and corrective
maintenance (Figure 1).

In addition to the basic division there are other
modern concepts of preventive maintenance [13]:

1. Reliability Centered Maintenance — RCM.

2. Total Productive Maintenace — TPM.

3. Proactrive maintenance.

4. Maintanance type ,,operation until failure®.
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Fig. 1. Concepts of maintenance according to European standard EN 13306 (Maintenance —Terminology) [1]

4. APPLICATION OF THE DEVELOPED
MAINTENANCE MODEL BY CONDITION

On time detection of the defects of the railway
wheels, or the introduction of a system for defects
detection during the exploitation is more cost effec-
tive for the railway operator, but also for the railway
infrastructure manager. The deformation of the rail-
way wheels leads to occasional damage to the rail-
road tracks, but also to the railway vehicle itself,
which directly affects safety, stability and comfort
of traveling with it. Any replacement of the railway
wheels or the repair of damaged railway tracks, in
addition to maintenance costs, also cause disturb-
ance to the railway traffic on the trains, as well as
the shortage of railway vehicles. The costs of pur-
chasing and replacement of new wheels as well as
repairing the dimensions of their wreaths are very
high. In order to reduce the costs, it is necessary to
plan well the process of maintenance of the railway
vehicles. Efficient maintenance of railway vehicles
requires effective and timely forecasts of the possi-
ble number of defected rail vehicles based on vari-
ous rail wheel defects that may occur during a cer-
tain period of exploitation [2].

The preventive maintenance of the underframe
of the railway vehicles has a very important role in
the timely detection of failures, which could cause
an increased percentage of immobilization of the
railway vehicles. The timely and proper preventive
tracking of the railway wheels prolongs their service
life and it minimizes the need for corrective mainte-
nance. The data obtained as a result of regular mon-
itoring and measurements of their parameters are
used as statistical data in the process of planning and
forecasting of their age of exploitation and the need

for change of the wheels. Certainly, consideration
should be given to the recommendations made by
railway wheel manufacturers for their predicted du-
ration (wheel wear), which is expressed in passed
kilometers until the next regular repair.

4.1. The occurrence of defects on the railway
wheels

The reason for the defects on the railway
wheels may be different, most often referring to [2]:

¢ mechanical abrasion caused by friction,

o defects caused by low quality and non-hu-
mogenic material, and

o defects caused by cyclic and overheating
thermal nature influence.

All imperfections and defects that appear
along the rolling surface of the wheel are arranged
in groups. Each of these groups is classified and has
its own code in accordance with the recommenda-
tions given in the GCU (General Contract of Use),
Appendix 9, OUK / AVV [14].

Figure 2 presents statistical data about the av-
erage number of defects caused on the rolling stock
related to flat bed on the rolling surface of the wheel
(49%), which are the highest types of defects, and
the lowest number of defects are those which are
caused by traffic related cavitatios, scaled and
cracked spots (1.36%). The European standard EN
13262, which sets out the basic standards and rec-
ommendations for the production of wheels for rail-
way vehicles, defines the following designations of
the steel materials from which they are made: ERG,
ER7, ER8 and ER9.
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Fig.2. Imperfections and defects that appear along the rolling surface of the wheel [2]

The minimum hardness values expressed in
the Brinell (HB) unit are given in Table 1. They are
presented in two categories (K1 and K2), and the
data refers to the hardness of the material from
which the railway wheels are made, and the size that
needs to be with the same value in measurements at
a depth of up to 35 mm from the rolling surface of
the wheel.

Table 1

Minimum hardness values of the rail wheel [2]

Minimum hardness values

Mark of the material per category

from which the railway

wheels are made K1 K2
(>200km/) (< 200 km/h)
ER6 / 225 HB
ER7 245 HB 235 HB
ERS8 245 HB 245 HB
ER9 / 255 HB
Table 2

The defective construction of the wheels can
also cause defects of the railway wheels (expressed
through the characteristic of the longitudinal con-
nection of the axle assembly and the frame of the
rotary stand) as same as the low quality of the ma-
terial from which they are made can affects the dam-
age of the railway wheels. Another type of defects
that occur from a mechanical-thermal nature are the
formations of annular depressions along the rolling
surface of the railway wheel [2].

The condition monitoring of the railway
wheels on the Diesel Multiple Units (DMU) series
711 and the Electric Multiple Units (EMU) series
411, owned by MZ Transport AD Skopje is catego-
rized according to the CBN model. The monitoring
of the situation is prescribed by regularly measuring
their safety assessment indicators. During the ex-
ploitation as part of the CBN, the following changes
in the main parameters of the railway wheels are
measured: the diameter of the railway wheel D, the
thickness of the crown Vd, the height of the crown
Vv and the curvature radius q,. The Table 2 presents
the allowed deviations of those measurments.

Permissible deviations of the geometric measurements of the wheels
on EMU 411 and DMU 711 (mm)

Parameter Wheels diameter (D) Minimum value Maximum value
Thickness of the crown Vd 780 <D <850 25 325
Height of the crown Vv 780 <D <850 27,5 32
Curvature radius gr 780 <D <850 6,5 10
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During the exploitation of the railway wheels
there is a change in the safety assessment parame-
ters, because the change in the shape of the wheel
from the wheel. In that case it is necessary to per-
form machining — re-profiling the crown of the rail-
way wheels. With this processing, the wheels will
be brought back into the permitted safety measures,
which will allow prolongation of the life and the ex-
ploitation of the railway wheels and will prevent the
occurrence of derailment.

With regular preventive maintenance accord-
ing to the condition, various anomalies can be ob-
served in the direction of the aforementioned de-
fects along the rolling surface of the wheel. If the
railway wheels are made of insufficient quality ma-
terial and with poor technological processing or
from material that has inadequate physical charac-
teristics, i.e. hardness, in this case, the appearance
of the porosity of the material on the railway wheels

Table 3

can be noticed. In the event of such a situation, the
railway wheels will be subjected to more frequent
machining in order to prolong their exploitation pe-
riod.

Table 3 presents the changes in the diameter of
the railway wheels during their exploitation on
DMU 711 003-004, and in Table 4 for EMU 411
101-102. The date of commencement or the placing
of the railway wheels in exploitation, the dates when
the machining of the railway wheels during the ex-
ploitation has been carried out, and the date when
the railway wheels according to the value of the
safety assessment indicator are not in use (when
DMU 711 003-004 and EMU 411 101-102 are ex-
cluded from the rail traffic), are clearly recorded.

The comparative analysis of the change in the
diameter of the railway wheels in the two sets (DMU
711 003-004 and EMU 411 101-102) is graphically
depicted on the diagram on Figure 3.

Change in the diameter of the railway wheels during the period of exploitation of DMU 711

DMU 711 003 DMU 711 004 Elapsed
Axle distance Processing date
1 2 3 4 1 2 3 4 km
850 850 850 850 850 850 850 850 0 14.03.2016 (start of exploitation)
838 838 838 838 838 838 838 838  71.366 30.06.2016
Wheel diameter g0 820 820 820 820 820 820 820  102.000 04.08.2016
after processing,
D (mm) 800 800 800 800 800 800 800 800  117.000 16.09.2016
790 790 790 790 784 784 790 790  160.000 22.11.2016
785 785 785 785 779 779 785 785 185000  26.12.2016 (end of exploitation)
Table 4

Change of the diameter of the railway wheels during the period of exploitation of EMU 411

EMU 411 101 EMU 411 102 Elapsed
distance Processing date
Axle 1 2 3 4 1 2 3 4 km
850 850 850 850 850 850 850 850 0 08.02.2016 (start of exploitation)
833 833 830 830 833 833 833 833 145.000 25.01.2017
. 822 822 820 822 820 823 820 823  180.000 12.04.2017
Wheel diameter
after processing, 805 807 807 808 801 802 807 806  215.000 05.07.2017
D (mm) 791 792 794 795 786 788 792 790  220.000 25.07.2017
789 788 788 788 784 788 780 783 227.227 28.07.2017
785 784 784 784 779 779 775 775 242.185 04.09.2017 (end of exploitation)
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Fig. 3. Diameter change wheel diameter for DMG 711 003-004 and EMG 411 101-102

The passenger multiple units 711 003-004 and
411 101-102 given in Figure 4 are composed of
three units, each end unit is powered unit, and the
middle one is a free or drawn unit.

e

Fig. 4. Diesel multiple unit (DMU) 711 003-004

Regarding the weight of the powered units,
there is a difference of 1.765,3 kg and based on this,
it should be expected that the degree of friction on
those rail wheels on the DMU is higher, which
means that the wear, i.e. wheel wear should be
higher.

EMU 411 operates on a repaired railroad along
Corridor X, and DMU 711 operates on a far worse
old railroad from the Corridor Xd. The condition of
the railway track in this case plays a very important
role in the part of the wear and tear of the railway
wheels. The sharp curvatures of the rail track also
contribute to the damage to the railway wheels, and
such a track with high number of curves represents
large portion of the Corridor i.e. where the DMU
droved.

As previously mentioned, the material from
which the railway wheels are made (with an appro-
priate designation according to Table 1) is a very
important indicator of the level of their spending.
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The completed replacement of the wheels on the
DMU at 185,000 km of elapsed distance and at
240,000 km on the EMU, occurs relatively early and
is much erlier then the forecasted prescription for
such an replacement, especially if we are taking into
account the statistics of the standard UIC 510-2 and
TSI 2006 /861 /EC.

By analyzing the above reasons that show very
fast spending, it was decided that during the first re-
placement of the railway wheels on the DMU 711
003-004 new railway wheels shoud be installed,
new wheels which are made of a stronger category
of material marked as ER9, in order to increase their
exploitation lid.

The comparative analysis of the railway
wheels of DMU 711 003-004 and EMU 411 101-
102 made of material marked as ER8 and newly in-
stalled rail wheels made of material marked as ER9
is given in Figure 5. It can be concluded that the
railway wheels with the ER9 mark has considerably
less spending than the ER8 wheels.

4.2. Affecting factors to the wheels spending
on DMU 711 and EMU 411

The main factors greatly contribute to the in-
creased spending of the rail wheels of both trainsets
(DMU and EMU) refer to [2]:

e the weight of the powered units,
¢ the condition and quality of the railway track,
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Fig. 5. Change diagram of the wheels dimeter at 711 003-004 and 411 101-102 in respect of the markings ER8 and ER9

o the quality of the construction of the railway
wheels,

o the type of material from which the wheels
are made,

o exploitation conditions and
¢ the impact of weather conditions.

Acordingly, if the trainset is with a lower
weight of the powered units, and operates on a
newly build or repaired railway track, it will have a
longer exploitation life of the wheels.

Having in mind that the basic parameters
which are defining the contact of the wheel and the
track, are: adhesion, slipping and wear, then the
abrasion and plastic leakage are closely related to
the geometry of the profile of the wheel and the rail
and this significantly influences the dynamics of the
railway vehicle. The surface of contact between the
wheel and the rail as a geometric characteristic de-
pends on the radius of the curvature of the contact
surface. The nature of the force of contact depends
on the conditions of the surface and the environ-
ment, which include roughness, the presence of wa-
ter, snow, oil, impurities. The characteristics of the
material and the profile of the wheel and rails define
its interaction, and the most important are the
hardness, toughness and thermal conductivity of the
materials.

If the wheels are with high quality, the appear-
ance of porosity of the material is lower, and the
need for machining is less, or with other words, the
need for corrective maintenance is lower. Also, if

the material of the wheels is with greater hardness
performance, the lifetime of the wheels is longer.
The standards and norms of UIC members stipulate
that the optimum strength and hardness ratio of the
steel material from which the wheel is made need to
be 10% stronger and stronger than the material from
which the rail is made. The research on rail track
and railway rolling stock investment shows that the
ratio of the lifetime of the rails to the wheels should
be 2:1 in favor of the rails, considering that wheels
with a 10% higher fortress than the rail tracks are
used [1]. In this regard, it is a fact that the repairment
of the rail track and the replacement of the rails is
far more biger investment than the change of the
wheels of the railway vehicles.

The conditions under which the exploitation
takes place are the most important factor when it
comes to the wearing of the railway wheels, which
includes:

o the difference in wheel diameters on the same
axle,

o the difference in wheel diameters on the same
boogie,

e non-parallelism of the axles on the same boo-
gie,

¢ non-grinding of the crowns on the wheels and
similar.

The lifespan of the wheels depends on the dy-
namics of the wear of the hoop or the crown of the
wheel. It is certain that by reducing the friction be-
tween the crown of the wheel and the rail it will in-
crease the durability of the wheel.
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Also, the errors in the geometry of the track di-
rectly affect the increased wear on the wheels.

In addition, the influence of the weather con-
ditions has an important role in the wheel wearing.
If there is more wet weather, the side friction and
wear of the wheels are lower. This can not be influ-
enced, but it must be kept in mind when experiment-
ing or data is analyzed.

5. ANALYSIS OF THE OBTAINED RESULTS

The analysis of the practical application of the
developed maintenance model according to the con-
ditions shows that the defects which occur during
the exploitation of railway vehicles are very easily
identified and detected. The results obtained from a
technical point of view gave a clear deduction that
the basic objective of preventive maintenance by
condition (CBM) is achieved, and activities are cre-
ated to timely perform the process with appropriate
maintenance.

In the analyzed case, it is shown how through
the regular control and measurement of the wheels
of the DMU and the EMU, the condition of the
crowns on the railway wheels can be monitored.
With the timely preventive maintenance according
to the condition, that is, reprofiling of the crowns,
the life of the wheels is prolonged and the occur-
rence of derailments is prevented. By analyzing the
consumption of the railway wheels an information
indicating when there would be a change of wheels
is generated. This means that it will be predicted
when the trainset would be out of traffic due to the
change of the railway wheels. On this basis, the in-
dicators which are influencing the consumption of
the railway wheels are created.

5.1. DMU 711 wheels replacement costs analysis

The inadequate selection of the wheels for the
DMU can contribute to profile wheel wear, and thus
higher costs for companies owning railway vehi-
cles. This state of the art maintenance model allows
daily monitoring and measurement (tracking of
wheels). It gives a clear indication of timely ma-
chining — reprofilling of the railway wheels. With
the timely reprofiling, the reliability and safety of
the railway vehicle increases, the life of the railway
wheels continues, and the main goal to reduce the
costs arising from the early change of the railway
wheels is achieved.

Table 5 shows the analysis of the costs that oc-
cur during one change of the railway wheels of the
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trainset DMU 711 in the company MZ Transport
AD Skopje. Costs are devided in 4 items:

o Financial losses caused by the non-exploita-
tion of the trainset, expressed in euros.

o Necessary working hours for workers to carry
out railway wheel replacement operations,
expressed in euros.

e Handling costs for the use of consumables,
working machines and equipment, special
tools, etc., expressed in euros.

e Purchase of new railway wheels, expressed in
euros.

Table 5
Wheels replacement costs for DMU 711

Number Cost description Price (EUR)
Financial losses caused by the non-
1 expl_onatl_on of the DMU (averag_e 25.500,00
waiting time of 15 days for carrying out
the change of the railway wheels)
Costs for working hours for performing
2 workers' operations (average 10 workers) 23.040,00
3 Hand!mg fees fgr the use of mat_erlals, 3.000,00
machinery, equipment and special tools
4 Supply of 16 sets of railway wheels 22.400,00
Total: 73.940,00

The estimated total cost for one replacement of
the railway wheels on the trainset DMU 711 is
shown in Table 5. Considered the economic point of
view, for the trainset DMU 711 with wheels made
of material bearing the mark ER8 and for elapsed
distance of at least 600,000 km, it should be fore-
seen that at least 3 wheel changes will be made.

In the second case, when the wheels of the
DMU 711 are made of material bearing the desig-
nation ER9, there would be a one-time replacement
cost and would be within the regular plan repair.

In this particular case of the analysis on the
DMU 711 trainset, it can be concluded that the in-
adequate selection of the railway wheels during the
design carried out by the manufacturer of the train-
set has created increased maintenance costs to the
owner of the trainset.

6. CONCLUSION

In the case stady analyzed in this paper, the ap-
plication of the model for preventive maintenance
according to the condition is specifically shown.
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The application of this model gives a concrete indi-
cation for the timely discovery of the reasons for in-
creased wearing of the railway wheels.

Using the experiential practices and recom-
mendations based on the railway norms (UIC 510-2
and TSI 2006/861 / EC), an ideal curve for mainte-
nance and exploitation of the railway wheels has
been developed and defined. The developed ideal
curve is in full correlation with the application of the
model for preventive maintenance according to the
condition. By modifying it and adjusting it to the
maintenance needs of railway operators, it is possi-
ble to use it as a guide in the process of procurement
and maintenance of railway vehicles. It actually de-
fines the time terms and parameters of machine pro-
cessing — reprofiling, as well as the deadlines when
the change of the railway wheels needs to be made.
Taking into account the above, railway operators
will be able to make better programs and mainte-
nance plans, while at the same time having satisfac-
tory achievement and fulfillment of the quality indi-
cators in the maintenance of the railway wheels.

Inadequate selection of the maintenance
model, but also improper choice of the type of rail-
way wheels leads to their rapid spending. The rapid
change of the railway wheels, from an economic
point of view, means an increased financial burden
to the owners of railway vehicles. In the case of the
Diesel Multiple Unit series 711 owned by MZ
Transport AD Skopje, the improper choice of the
type of railway wheels caused financial loss of the
company. Certainly the calculation of the loss was
made on the basis of data and forecasts, but it can
be used with minor corrections and modifications
for further detailed calculation of the company's real
costs, which in any case could be expected to be dif-
ferent from the analyzed.

The results of the research for the selection of
a proper maintenance model showed economic jus-
tification, i.e. with the achievement of efficient and
effective maintenance, the costs are reduced. The fi-
nal results show that economically the most cost-ef-
fective is the model of preventive maintenance ac-
cording to the conditions.

Finally, it can be concluded that: there is no
universal ideal model for the modern maintenance
of railway vehicles, but the most favorable one is

proposed model of preventive maintenance accord-
ing to the conditions.
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Abstract: This work is composed from the document Management Procedure for inspection bodies. Purpose
and goals are covered as the subject and scope of application. Also the therms, responsibilities and description of the

procedure and standardizing the document are given.
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YIHPABYBAIBE CO IOCTAIIKHUTE 3A JOKYMEHTAIIMJA N CTAHIAPAU3ALIUJA
HA HTHCHEKIIUCKUTE OPI'AHU

A mcTpacxT Bo Tpysor e mpercTaBeHa mocramkara 3a KOpUCTEHE (yIIpaByBame CO) AOKYMEHTH Ha
WHCTIeKIcKuTe Teaa. Hamepara u nenute ce omndareHn Kako MpeaMeT U OTiceT Ha mpuMeHa. VIcTo Taka ce gajeHu u
TEPMUHHTE, OITOBOPHOCTUTE U ONMCOT Ha TIOCTAIKAaTa, KAKO M CTaHAapIU3Npame Ha JOKyMEHTHUTE.

Kayunn 36opoBu: cranaapa 1SO 17 020; uHCIIEKIIMCKH Tela; TPolienypa 3a JOKyMEHTaIMja;, HAYuH Ha KOPHCTCHE

JIOKYMEHTH

INTRODUCTION

The quality system and its proper implemen-
tation in everyday activities make the difference in
the quality recognition offered by the company.
Designing an appropriate system contributes to the
effective and efficient operation of the company, as
well as improving the quality of services.

The following bodies operate in the scope of
the ISO 17 000 standard:

— product certification bodies MKC EN ISO /
IEC 17065;

—testing and calibration laboratories, MKC EN
ISO / IEC 17025;

— inspection bodies, MKC ENISO/ IEC 17020.

Depending on the activities that the body will
perform in the standard itself, the type of document
that is to be issued by him is specified. Testing
laboratories issue test reports, certification bodies,
certification of the product, while inspection bodies
certify from inspection / verification from check.
Inspection bodies perform their activities on the
basis of the defined requirements contained in the
standard MKS EN ISO / IEC 17020.

Accreditation as a status provides a hint that a
particular institution / program meets the standards
set by an already accredited institute / agency.

Accreditation reflects the fact that after the
realization or implementation of the mandatory
points of the standard, the institution does not cease
to aim only for maintenance, but also for its
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continuous upgrading. This involves the design of
documentation that corresponds to the standard.

The Quality Manual as an essential tool for
navigation will need to be a shortened program, but
also a basic document for the staff. The staffer, by
accepting and realizing the points of the manual,
increases his safety at work, while the process of
obtaining the final product will be recognizable for
the company.

MATERIALS AND METHODS

1. Document management procedure
for inspection bodies

1.1. Purpose and goal

The purpose and goal of the document mana-
gement procedure is to standardize the documents
from the quality management system and to pres-
cribe the method of preparation, control and appro-
val.

By standardizing the documents (formal appe-
arance and content), a permanent layout and form of
documents is established.

The goal is to enable unequivocal identifica-
tion and simple handling of documents.

1.2. Subject and scope of application

The documentation management procedure
refers to documents from the quality management
system.

1.3. Responsibilities and competencies

Responsible for the implementation of the
document management procedure is the quality
manager.

The competencies for certain activities regar-

ding the preparation of the documentation are given
in the following Table 1.

Table 1
Activities competence
Initiative  IPreview of the Responsible for Responsible for
Preparation* || Control | Approval the record of distribution of
(proposer) proposal
documents documents
Head X X X X
"Deputy head X
Quality manager X X X X X
Administrator X
Technical officer X

* The quality manager defines which individuals will be involved in the respective activity.

X — Bearer of the activity

1.4. Terms and definitions document — a means
of support and information

e Quality management system — part of the
management system aimed at introduction
and development of environmental policy
and environmental aspects.

¢ Organization — company, joint stock com-
pany, institution or part, or a combination
thereof, public or private, which has its own
functions and administration.

e Procedure — logical sequence of imple-
mentation of activities and processes.

e An entry —a document in which results or
activity are recorded.

1.5. Description of the procedure

A request / proposal for a new document /
document amendment (Figure 1).
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The request (written or oral) for the prepara-
tion of a new document (or document amendment)
may be submitted by all employees, explaining the
reasons for the proposed document / amendment of
the existing document. The request for a new docu-
ment/amendment is submitted to the quality manager.

Review of the request / proposal

The request / proposal is jointly reviewed by
the quality manager and the head of the inspection
body.

In case the request is justified, the document is
prepared and released into trial run, and then it is re-
examined and approved. If the proposal is not in the
function of the quality management system, it is
rejected.

The approval for acting upon the request /
proposal is given by the head (Figure 1).

Preparation of the document / amendment

The quality manager together with the head
reviews the document / amendment. The quality
manager (or another person authorized by the
manager) prepares the document. The first version
of the document is always version 0, and each
subsequent amendment has the next number of the
modified version (Figure 1).

Document / amendment control

All users of the document are reviewing the
new document / amendment. The control performed
by the quality manager and the head gives an
approval for the implementation of the document. If
there are any objections, the document is given for
further development / processing to the expert team
/ the creator (Figure 1).

Receiving, recording and distributing documents

All valid documents are recorded by the
guality manager in the Document Records List. The
guality manager informs employees of the amend-
ments in the documents, withdraws the invalid and
distributes the valid documents to the employees
(Figure 1).

Document storage

An original copy of the documents is kept by
the quality manager. The original always has the
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number 01. The users have numbered working
copies.

The quality manager takes care not to lose or
damage any document. The documents are stored in
a register (Figure 1).

Issue of documents

The documents are issued through the Docu-
ments Distribution List by signing by the users.

The documents are issued by the quality mana-
ger with a recorded copy number.

Except for the needs of the employees, the qua-
lity manager with authorization from the head, may
also issue a document to another person outside the
company, but sample must be marked for infor-
mation purposes only.

The Documents Record List and the Docu-
ments Distribution List apply to all documents, i.e.
the internal and external documents (Figure 1).

Implementation of the amendment (introduction)
and replacement of invalid documents

When making an amendment (introducing a
new document), the whole document changes.

If a chapter in the Quality Manual was chan-
ged, the whole chapter also changes.

In the Documents Record List and in the Dis-
tribution Documents List, a new or revised docu-
ment is entered in the amended version and it is
submitted to the users.

Documents are in use with the data approved
by the head. They are distributed through a Distri-
bution Documents List.

Upon submission of a new document, the user
is obliged to return the previous copy of the
document. In the quality manager archive, one copy
of the invalid documents is kept for a minimum of
5 years, which have "not valid" mark and the other
copies are destroyed (Figure 1)

1.6. Standardizing the documents

All the quality system documents have a
standardized layout. The documents are written
with the font courier new with the size of the letters
and numbers in the texts is 12, and in titles, tables,
images and schemes another font size or other font
is used as needed.
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Start
Assessment no
Request for a —— of the 1 Refusal of the
new/amendment of request ’ request
a document
yes
Preparation of a
Trial run of the document |<—— new/amendment of a
document
ﬂx
Clearence no
from
inspector

yes

Accepting the content and

signing by the authorized |—————> En_terlng in the record
person list for documents

!

Report of the staff Introduction
for the changes > and application END
and the new distribution of the document

Fig. 1. Algoritham for preparation/amendment of a document
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1.6.1. Quality Manual

e Front page: The front page of the Quality
Manual contains:

e the logo and name of the inspection body:
NAME of inspection body, Skopje,

e document name: Quality Manual,
e the number of the sample,

o the label if the document is subject or not to
modification,

e Information purposes only copy or not.

The front page is changed only in the case of
changing the name and logo.

Table 2

Chapters of the Quality Manual

The front page chapters in the Quality Manual
contain:

e header,
e content,
e footer.

The header of the Quality Manual chapters
contains the following informations:
e the inspection body logo,
¢ name of the inspection body,
¢ Quality Manual.

The footer on the first page of the Quality
Manual has the following form (Table 2).:

Footer of the Quality Manual

Name and surname Position

Date Signature

Copy no.

Prepared by

Controlled by

Approved by

The footer on the following pages contains the
label on the document, the version, and the number
of page.

1.6.2. Standardization of documents
(procedures, guidelines, forms, plans, check lists)

These front pages of these documents contain:

e header,
e content,
e footer.

Each page of the procedures and instructions
has a header and it contains the following informa-
tions:

Mawi. unore. nayu. ciuc., 36 (2), 113 -122 (2018)

e the logo and name of the inspection body,
e document name: Procedure (manual),

e document code: UU.X.X.X (U-letters, X*-
numbers),

e version humber,
e page number in the document,
e *X, depending on the chapter, can have two
digits (Table 3).
The footers have the same layout as the
chapters in the manual.
On the inner sides of these documents there is
no defined footer.

The first page of these documents is given in
Appendix 1.6.3.3.
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Table 3

Method of encoding documents

yv.o | Xo | Xo X

Two letter abbreviation for certain document

Chapter number according to the standard and the manual

Point number according to the standard and the manual

Document number linked with the chapter

Document management procedure

The documents will have the following abbre-

viations:

e PK —quality manual,

e PR —rulebook,

e PO —procedure,

e UP — manual, instructions,

e PL —plan,

e ChL —check list,

e OB —forms, i.e. abbreviation used for other
documents that are not listed.

Appendix 1.6.3.6 gives the format of the entry
outlook.

Description of the procedure

The description of the procedure for the course
of the activities execution, contains only the
activities that are compulsory. The activities are
listed according to the order of their execution. The
procedure description can only be with text or with
a graphic representation of the course of the
activities. The graphic presentation of the activities
course in the procedure is applied as much as
possible. The layout of the graphic presentation of
the procedures is shown in Appendix 1.6.3.4.

1.6.3. Appendixes

Appendix 1.6.3.1. Front page of the manual

QUALITY MANUAL

The Quality Manual is made by the working team members.

SERVIS ZATAHOGRAFI | TAKSIMETRI

TAHQ - Skopje d.o.o.eD

Sample no.
Submitted to changes
“Information
purposes only” copy

with the Law on Copyrights.

I_Dhotographs, photocopies, magnetic copy or any kind of copy and transfer to third parties are prohibited in compliance

Mech. Eng. Sci. J., 36 (2), 113-122 (2018)
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Appendix 1.6.3.2. First page of the manual

QUALITY MANUAL
INSPECTION BODY

N\SERVIS ZA TAHOGRAFI | TAKSIMETRI

TAHOQ - Skopje d.o.o.eD

Content

Copy no.

Name and surname

Position Date

Signature

Prepared by
Controlled by
Approved by

Photocopies and transfer to third parties are prohibited in compliance with the Law on Copyrights.

Appendix 1.6.3.3. Front page of the document

Document title

INSPECTION BODY

SERVIS ZATAHOGRAFI | TAKSIMETRI

TAHQ - Skopje d.o.o.eD

Content

Name and surname

Position Date

Signature

Prepared by
Controlled by
Approved by

Photocopies and transfer to third parties are prohibited in compliance with the Law on Copyrights
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Appendix 1.6.3.4. Description of the course of the activities in the procedures

Chart

Text description

Responsible for:

Documentation
regarding the

K activity

activity

Control
point

activity

end

Appendix 1.6.3.5. Inside page of all documents

DOCUMENT TITLE
INSPECTION BODY

SERVIS ZATAHOGRAFI | TAKSIMETRI

TAHOQ - Skopje d.o.o.eD

UU.X.X.X/Version X Page m of n
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Appendix 1.6.3.6. Records

Record title
INSPECTION BODY

SERVIS ZATAHOGRAFI | TAKSIMETRI

AHO - Skopje d.o.o.eD

OB X.X.X/VersionX Page m of n

1.6.4. Records
The documents which are an objective eviden-
ce of the conducted activity or the achieved results
are entered in the records (Table 4).

1.6.5. Reference documents

Documents implemented in the procedure:
* MKC EN ISO / IEC 17020: 2006,
* Quality Manual.

Table 4

1.6.6. Appendixes

* OB 7.6.1. Documents Record List;
* OB 7.6.2. Documents Distribution List;
* OB 7.6.3. Form for Documents amendments

Traceability of data is on the highest level from
start to finish of the complete procedure of inspec-
tion. Certificates are with minimum faults, and the
measured data is reliable and traceable. Documents
are standardized, equipment that measures has
accredited certificates of reliability and all of that
lead to final result of the highest level of conformity.

Records

No Record

Storage place

Storage time Person in charge

1. OB 7.6.1, Documents Record List Quality manager 5 years Quality manager
2. OB 7.6.2, Documents Distribution List Quality manager 5 years Quality manager
3. OB 7.6.3, Form for Documents amendments Quality manager 5 years Quality manager
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EXPECTED RESULTS

Accreditation, as the basic guideline for
obtaining a licence for work, should not be seen as
a criterion to be fulfilled but as a tool that the
company should maintain and complement. Conti-
nuous maintenance of the system makes the com-
pany competent, recognizable in quality and succes-
sful in the activity it performs. Correct installation
and upgrading of procedures, instructions and rule-
books generates an uninterrupted flow of infor-
mation.

The work of a new version of the quality
system should always be in the mind of the mana-
gement and the person responsible for maintaining
the quality system manager. Implementing new
versions brings new challenges, i.e. new ideas that
the company will incorporate into the system in
order to improve it. The quality of the services
represents a basic aspiration for the company's
operation, and it is maintained by improving and
systematizing the documentation from the quality
system.

USED LITERATURE

[1] www.stoneridge-electronics.com

[2] www.tachomaster.co.uk/documentation
[3] www.iarm.gov.mk

[4° http://eur-lex.europa.eu

[5] Law on working hours, obligatory vacations of mobile
workers and drivers in road traffic and devices for
enrollment in road transport, Official Gazette of R.M., No.
161/09)

[6] Rulebook on the technical characteristics of the tachograph
and the manner of use, installation, repair, inspection and
control of the tachograph, Official Gazette of R.M., No.
102/10)

[7] Rulebook on the form and content of the application for
issuance or extension of the authorization for installation,
inspection, control and repair of tachographs as well as the
necessary documentation, space and equipment of the
workshop, Official Gazette of RM., No. 18/10).

[8] ISO/IEC 17020:2012 Standard

[9] Literature from visiting seminars of type approved ana-
logue and digital tachgraphs requered.
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Abstract The opportunity to redesign various parts for production has developed techniques that are in
continuous use, including the Reverse Engineering (RE). RE encompasses a variety of approaches to reproduce a phys-
ical object with the aid of drawings, documentation, or computer model data. RE is the process of obtaining a geometric
CAD model from 3-D points acquired by scanning existing parts. Recently, the acceleration of machining parts design
and applying the CAD for RE has resulted in the need for their rapid production, now known as Additive Technologies
(AT). Additive Technologies is defined by a range of different production processes that are capable of translating
virtual solid model data into physical models in a quick and easy process. AT can be used to remove or at least simplify
many of multistage processes. With the addition of some supporting technologies it can be possible to manufacture a
vast range of different parts with different characteristics and with economic reasoning. The economic aspect is always
present in engineering analyses in various forms by advancing access to all sectors of production. Circular economy
(CE) is one of them and considered as an alternative to a traditional linear economy in which we keep resources in use
for as long as possible, extract the maximum value from them whilst in use, then recover and regenerate products and
materials at the end of each service life. Circular economy is part of the ongoing narrative on industrial sustainability
covering resource efficiency, reduced energy, and increasing the efficiency. The idea of circular economy applied in
large industrial constellations where companies exchange resources and have alternative forms of access to products
and services that can increase the efficiency of use of already manufactured products and thus reduce the demand for
new production. In this paper we explain the improvements of circular economy in reverse engineering and additive
technologies during they use in industrial sector, their impact and efficiency in implementation. This paper analyzes
the benefits and barriers of circular economy during applying in RE and AT.

Key words: circular economy; reverse engineering; additive technologies; CAD; efficiency

PEBEP3HO MH’KEHEPCTBO 1 A/IUTUBHU TEXHOJIOT'UH
BO IIUPKYJIAPHATA EKOHOMMJA

AnmcTpaxT: MoXHOCTa 32 pelu3ajHIpabe Pa3IMIHU JeJIOBH Ha MPOU3BO/ICTBO MMa Pa3BUEHO TEXHUKH KOU
MOCTOjaHO Cce KOPHUCTAT, BKIy4yBajku ro U peBep3HoTo mHxeHepcTBo (RE). RE omndaka paznuyau mpucTamu KOH
penpoaykiuja Ha HU3NUKH 00jEKT CO MOMOLI Ha [PTEKH, JOKYMEHTAIIHja WK TI0JaTOIH 0/ KOMITjyTepcku Mojen. RE
e mporiec Ha goouBame reomerprcku CAD monen ox 3-D Touku 1o0HeHN co CKEHUPamke Ha TOCTOJHUTE EN0BHU. 3a0p-
3yBambETO HA Pa3BOjOT HA JM3ajHOT Ha JeNoBH 3a MammHH U npuMmeHata Ha CAD 3a RE neongamua pesynrupaa Bo
noTpeba 0] HUBHO Op30 MPOU3BOACTBO, CETra MO3HATO KAKO aAUTHBHH TeXHONOTHH (AT). AIUTHBHHTE TEXHOJIOTHH CE
JneUHUpaAHU O ToJIeM Opoj pa3IMyHK IPOU3BOAHH HPOLECH KOU Ce CIIOCOOHH J1a IPEeBeIaT BUPTYEITHHU LIBPCTH MO/Ie-
11 BO (DM3HYKH MOJIENH BO Op3 M jieceH mnporec. AT MoxkaT ja ce KOpHUCTAT 3a OTCTpaHyBame WK 0apeM moexHocTa-
ByBame¢ Ha MHOTy MynrtHdasHu npouecu. Co JonaBame Ha HEKOM MPHAPYKHH TEXHOJOTHH MOXKE Jla c€ OBO3MOXKH
MPOU3BOJICTBO HA IIMPOK CIEKTap Pa3inyHM JEJOBU CO PA3IMYHH KapaKTEPUCTHKH U CO €KOHOMCKA ONpPaBJaHOCT.
EXOHOMCKHOT acIeKT CeKOrall € IMPUCYTEeH BO HH)KEHEPCKUTE aHAJM3H BO PAa3INYHK (GOPMHU IPEKy YHAIPEIYBamkETO
Ha IIPHUCTAIOT JI0 CHTE CEKTOPH Ha Ipon3BoAcTBOTO. L{nupkynaprara ekonomuja (CE) e enna ox e dpopmu u ce cmera
3a aJITepHATUBA Ha TPAJUIIMOHAIHATA JIMHEAPHA €KOHOMH]ja, BO Hea ' YyBaMe PECypCHTE Jja C€ KOPUCTAT LITO € MOXKHO
MOZI0NT0, 32 OJl HUB Ja M3BJEUeMe MaKCHMallHa BPEAHOCT J0JeKa ce BO ymorpeba, a 1moToa Jja T OOHOBYyBaMe U
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pereHepupame MpoU3BOAUTE U MaTEpHjaIUTe Ha KPajoT Ha HUBHHOT paboTeH Bek. I{upKynapHata eKOHOMHja € Al 0]
CEKOjTHEBUETO HAa MHAYCTPHCKATa OJP KIMBOCT MOKPUBAjKH ja e(UKACHOCTA HAa pecypcUTe, HaMaleHata CHepruja,
KaKo ¥ 3roJIeMyBambeTo Ha ehrkacHocTa. Mejara 3a mupKyJapHa eKOHOMHEja Ce IPUMEHYBa BO TOJIEMUTE HHIYCTPUCKHI
KOHCTEJIAINH, KaJie NITO KOMIIAHUUTE MEHYBaaT PECYpCH U MMaaT aJTepHATHBHH ()OPMHU Ha TIPUCTAI 10 TPOU3BOIH U
YCITyT' KOM MOKAT JIa ja 3roJieMat e(pUKacHOCTa Ha KOPHCTEHETO Ha BEKEe TOTOBUTE IIPOM3BOIM U CO TOA /1A ja HaMasaT
nobapyBadkaTa 3a HOBO IIPOM3BOACTBO. Bo 0BOj Tpy ru oOjacHyBamMe MPEIHOCTUTE Ha LUPKYJIapHAaTa €KOHOMHja BO
PEBEP3HOTO WHXKEHEPCTBO U A[UTHBHHUTE TEXHOJOTHH BO TEKOT HA HUBHOTO KOPUCTEH-E BO HHIYCTPHUCKHOT CEKTOP,
HHBHOTO BIIMjaHHEC U e(UKacCHOCTa Ha HHBHATa HMMIUleMeHTauuja. OBOj Tpy[ I'M aHAJIW3Upa NPHUAOOHBKHTE U
IpENpeKnuTe MTO TH MMa LHUPKyJapHATa €KOHOMHja IPH HPHMEHA BO PEBEP3HOTO HWHXKECHEPCTBO M aJIUTHBHHUTE
TEXHOJIOTHH.

Knyunn 360poBu: 1upKylapHa eKOHOMHja; PEBEp3HO HHXKEHEPCTBO; afuTBHU TexHonoruu; CAD; edukacHocT

AIMS AND BACKGROUND vement of production processes, field of energy
reduction and the use of raw material.

Sustainable aspects and clean technologies

have begun to change in recent years and nowadays
the investments in those directions are very high.
The idea of incorporating the Circular Economy
(CE) has continued to exist as a potential part of the
review. The greatest interest is presented in impro-

The CE, by contrast is defined by Ellen Mac-
Arthur Foundation shown in Figure 1 as a definition
of technical and a biological cycle, the so-called
“butterfly” diagram illustrating how in a CE pro-
ducts are designed to enable “cycles of disassembly
and reuse” and thus reducing or eliminating waste [1].

Increasingly pawerad by
remewakle energy

@ 8 Mining,-"mnter als manufacturing

Parts manufacturer

v

Product manufacturer

i/ collection’
Biological cycles Technical cycles

Biochemical
feedstock

Restoration Birsphera .l l

Sarvice provider

—

Biogas Cascades

Anaerabic
digestion/
composting

Cellection Collection

l l

Energy recowery

e

Landfill

Fig. 1. Circular economy model (biological and technical) cycles [1]

Extraction of
binchemical
leedsbock?

Leakage to be minimised
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The incorporation of the CE in the field of in-
dustry has begun to be an indication by enhancing
the technical aspects especially with reverse engi-
neering (from 3D scanning to 3D CAD model) to
production technologies like additive manufactur-
ing (FDM, SLS, etc.). Reverse engineering (RE)
(Figure 2) is one of the methods which companies

E hegs " '77

applied to accelerate their product evolution process
and this method is desire for access to the
technology with minimum cost, risk and time [2].
RE is no longer just about bringing old technology
back to life, but it is also about using that technology
as a launch pad into the future.

CARE

Computer-aided reverse
enineering

Existing real-world Computer 30
object model

N = &
4 r 7 ‘»'. /o I“‘;;\1 ‘ y
| 1 \I

CAD

Computer-aided design

Fig. 2. 3D scanning and computer-aided reverse engineering (CARE) process [3]

Digitalization of production processes now
reached very high in terms of interconnection lines
between themselves. Additive technologies (AT)
now are creating wholly new opportunities in design
of complex structures, material selection, making
products lighter, new product functions and new op-
portunities with lower cost production.

A digitally transferred product file and printing
close to the user would move part of the logistics
online, and enable the easy creation of channels in-
side places and systems.

In addition to providing new design possibili-
ties, digital spare parts which are sold partly as a
service rather than simply as a product involve local
manufacturing units. This keeps manufacturing ex-
pertise close to users, over more dispersed areas.

The possibilities of digitalization, 3D CAD de-
sign and local production are highlighted by this
transshipment. Likewise, the length of the product,
the reliability and permissibility of the repaired
products are in harmony with the principles of the
CE.

IMPLEMENTATION OF CIRCULAR
ECONOMY USING RE AND AT

The application “Circular Economy” as a con-

cept requires collaboration between the companies,
especially in the industry sector. Its interdisciplinary
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form provides the possibility of multi-factor inter-
connection between itself. In addition to collabo-
ration, the need for companies to be in close prox-
imity to one another in order to aid the implementa-
tion of the CE could lead to the formation of clus-
ters, although waste exchange networks.

The complexity, new design mentality and the
required collaboration make it important for
organizations to apply systems thinking, which can
also be referred to as systems theory to the CE and
it good explaned in Figure 3 [5].

According to the Figure 4, we have analyzed
in particular manufacturing sector integrated with
different sectors with inside subsector like RE and
AT and process of implementation in the CE.

RE techniques have been developed to convert
point cloud data, obtained through digitization into
CAD models either in STL format. These CAD
models can be subsequently used for fabrication by
using material incremental methods, AT. This rela-
tionship between RE and AT has many advantages
over their integration into the CE. In this paper we
explain four steps that are possibility to implement
the Circular Economy using Reverse Engineering
and Additive Technologies.

The first step gives positive indications for the
possibility of shortening the time during dimension-
ing process of a part. Using 3D scanners enables to
get data in a very fast and accurate way. At the same
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time, improvements can be made while using the
CAD model and send it for fast production with AT.
This line can be circulated when we need to create
closed loop system to check the produced part with
3D scanning and compare with original one.

The second step concerns the possibility of re-
ducing the cost of production by having efficient use
of the raw material. The efficiency of the various
manufacturing processes shifting towards AT in-
stead of the existing ones, dramatically reduces the
loss of the raw material and the possibility of using

PERSONALIZED
PRODUCTS

BIONIC DESIGNS

30 PRINTING

different flexible designs gives excellent results for
the production process in general as it presented in
Figure 5 [7]. In metal additive manufacturing more
than 95% of the unused powder can be locally
filtered and reused directly, while the other 5% can
be sent to a centralized recycling facility to produce
virgin powder. Plastics like ABS, PLA and PET are
recycled and the filament itself often has recycled
content, ecocycle cube uses 25% recycled rPET in
its cartridges and recyclebot produces filament from
100% householder polymer waste [8].

LIGHT WEIGHT
PRODUCTS

NEW BUSINESS
MODELS

Fig. 3. 3D printing in circular economy [4]

Recycle/Materia
\ Recovery '

Additive
Technologies

Fig. 4. Circularizing an economy using RE and AT [6]
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Fig. 5. The product and material life cycle [8]

The third step explains the improvement qual-
ity of product during using RE and AT. The digital
scanning brings us the quality of any surface that we
need to measure, especially industrial parts. When
we have the model we can resurface and redesign
according to technical requirements. The direct link
from software to machine gives us the safe data, es-
pecially from credible CAD/AM software. Using
the AT for executing the parts is very efficient and
flexible for different complex shapes.

The fourth step explains the improvement of
service to clients. Possibility to connect the require-
ments from different clients in online form using
technics RE and AT. Digital cloud data will store
the raw material, possibility of digitalization of
measurements, 3D printed parts by online order.
This will be the shorts line from costumer to manu-
facturer.

All of these four steps outlined above are re-
lated to aspects of the CE when attempts are made
to create a functional concept. They are positive in-
dications for relation presented in this paper.

CASE STUDY EXAMPLES

Case study 1: Kazzata [9]

The kazzata offer the manufacturer to keep in-
ventory of spare parts only in digital form. This
means no longer need to mass produce and store
spare parts not knowing when or from which part of
the globe and order will come. From now it’s on,
only 3D print the part on demand.

Scenario of use: When a customer enters web
site, may enter 'Spare Parts' page and finds the spare
part needed, order it and pay online and, in a short
time will get the real spare part delivered. The spare
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part will be 3D printed via global network of spe-
cialized industrial grade 3D printing service bu-
reaus. The one who will 3D print it will be the one
closest to the customer. Ship the part to customer on
behalf after quality control. Platform and technol-
ogy carry out all the above mentioned activities in
all their aspects.

The manufacturers are operating the "back of-
fice" of the platform, so have to upload a CAD file
and all related data of the part itself. This includes
information related to the material and the 3D print-
ing technology needed.

This case study explain us the possibility of us-
ing the RE and AT for repair and remanufacturing
and the step towards to the CE.

Case study 2: Fila-Cycle [10]

Research and development have taken place
over several years and the company was formed in
2014 in recognition of the potential global impacts
additive technologies will have on business and
people.

Fila-Cycle focuses on material research and
development, consultancy, impacts on businesses
and the environment alike. Fila-Cycle brand spe-
cializes in 100% recycled plastic materials such as
rABS, rHIPS, rPET, rPLA and rNylon filaments
suitable for FDM/FFF 3D printing. In context of re-
cycling there are some barriers about capacity for
recycling. The capacity of current machines is
around 30 kg/hour and it is not enough for applica-
tion using in any AT. Also diversity of additive
technologies makes some challenges for adapt the
materials for each needed technology.

There are different parts that are remanufac-
tured with recycled material that we can see in Fig-
ure 6.
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Fig. 6. rPLA and rABS — 100% recycled [10]

Case study 3: “Standard Products” [11]

In “Standard Products” joints are 3D print-
ed parts supported with RE to collect the data
from model and to make CAD design. Those
joints are to create furniture from wood (Figure
7). This project shows the ability of AT to
combine design for standardization with design
for adaptability.

Several standard designs are offered, but
through the digital customization, joints can be
adjusted to local standards or personal prefer-
ences.

Case study 4: Volvo [12]

Volvo cars is engaged in several remanu-
facturing activities for its vehicle parts, oper-
ated by Volvo Reman. One example is a world-
wide system for remanufacturing diesel particle
filters.

The logistics of an exchange system with
central inventory in Maastricht is facilitated by
different subcontractors and unites over 2500
Volvo car resellers, parts OEMs and Volvo car
workshops. The responsible remanufacturer is
UBD Cleantech in Ho6r Sweden, which is able to
restore up to 95% of filters technical capacity.
Remanufacturing of particle filters reduces the
demand for virgin rare metals, which have
significant environmental loadings and require
large amounts of raw materials and energy. It
also offers considerable economic gains for
Volvo clients.

Although markets for new and remanufac-
tured filters are separate, there strong demand
for remanufactured filter due to their much
lower price and performance identical to new
particle filter. A small share of used filters is
still not captured and is recycled by materials
recyclers.

1. Digital Download

fles for 30- rvaipy
printing. hordwore store,  yourselt.

%=
- W W s
parts locally,

2. Printed Parts

‘\i‘%

We send you you buy
the 30 printed. Material the product
ports, oeaily

3. Complete Object

Fig. 7. The stool and three ways to production [11]
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RESULTS AND DISCUSSION

The production phase of the CE starts with bet-
ter product design using optimization and new ideas
for design of the parts, possibility to include recy-
cled materials that helps saving resources and in
other way creating inventive for products that can
be easily reused in different applications.

Already a large number of different materials
have the potential to improve the output of the pro-
ducer through the RE and AT relationship, and also
with a cycle of use that are fully restorative.

According to the US Department of Energy,
AT uses 50% less energy on average, and saves up
to 90% on materials costs compared to traditional
manufacturing [13] and this is indication of well in-
corporated with CE.

The improved production process and innova-
tive industrial processes will be two crucial points
of CE for investment in the future.

Industry will be crucial for transition to a Cir-
cular economy with implementation of reverse en-
gineering and additive technologies. Many of com-
panies now are investing on it.

CONCLUSIONS

RE and AT are changing the technology ap-
proach. These affect the production processes, man-
ufacturing organization and all stakeholders.

The relation between RE and AT and other
manufacturing technologies and systems, such as
Industry 4.0, Internet of things and different mate-
rials are changing the whole picture of the industry.

The features that are RE and AT are very suit-
able for incorporation of the CE as a new oppor-
tunity for improvement of production processes and
sustainable developments in the future.
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Abstract: Record management procedure for inspection bodies is covered, goal and purpose as scope and
responsibilities. Description and authorities for records management as Direction for satisfying the requirements.
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ITOCTAIIKA 3A YIIPABYBAIGE CO 3AIIMCUTE HA UHCHEKIIUCKUTE TEJIA

Amncrtpaxk T OnumaHu ce MOCTankara 3a ynpaByBamke 3a MHCIIEKIUCKUTE Tela, IIelTa 1 HaMepuTe, Kako 1
ob6emoT u oxroBopHocTHTe. OTNHMIIAHN CE OBIACTYBamaTa M € JaJeHO YIAaTCTBO 32 33J0BOJTyBame Ha Oapamara n

OBJIACTyBamaTa 3a KOPUCTCHE HA JOKYMEHTHUTE.

Kuyunu 360poBu: crangapa MKC EN ISO/IEC 1SO 17 020: 2012; uHCIIEKIMCKH Telia; poLeaypa 3a J0KyMEeHTH;
Ha4YMH Ha KOPHCTEHE JOKYMEHTH; YIIPaByBabe CO 3aHCH

INTRODUCTION

The management team and the staff are res-
ponsible for the continuous improvement of the rec-
ord management process. Technical personnel, ad-
ministrators and other staff in a company are part of
the system and a cart without which it can not func-
tion properly.

Managed by quality manager and properly tar-
geted and familiar with the system and record man-
agement contribute to meeting the goals that the
company strives. Such objectives are not only re-
lated to the inspection activities, but also to safety,
the code of conduct, monitoring the quality policy
that the firm will elevate to a level other level with
a recognizable quality mark of an accredited body.

MATERIALS AND METHODS

1. Record management procedure
for inspection bodies

1.1. Goal and purpose

The purpose and goal of the record manage-
ment procedure is to define the activities for keep-
ing records as an objective evidence of quality as-
surance.

1.2. Scope of application

The record management procedure applies to
the inspection body.
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1.3. Responsibilities and competencies

The administrator is responsible and author-
ized for the implementation of the record manage-

ment procedure

1.4. Terms and abbreviations

Record — A document describing the results.

Quiality records — Records referring to qual-
ity.

1.5. Description and authorities for records
management

The use of the procedures and instructions by
the staff and the location in which it is responsible
for execution is indicated in Table 1.

Table 1
Description and authorities for records management

Activity Description of activity Records Person in charge Documentation regarding the record

Letters
. Acceptance of the external Contracts - Manual for archive operation
External mail - Administrator - - L
mail Orders Archive operation provision

Offers

Quality system

Recording the records of the
quality system

Quality manager

Record creation

Record creation

Record form

420001 Documents administration

Quality manager o odure

Implementation

protection in the defined

process records Records registration Employees
The records are distributed to . .
Records the people, they are addres- Archive operation manual
distribution sed to the persons in charge Head Archive operation provision
of re(_:ording, analyzing and OB 432 Distribution list
keeping of the record.
Archiving and ensuring Archive operation manual
; Archive operation provision
Archive keeping and damage Administrator

PO 431 Documents management

term procedure
The person in charge Head

Destruction performs a check. (State Archive Record
Destruction through record. Committee)

Direction for satisfying
the requirements

All documents are entered in the records that
are objective evidence of the performed activity or
the achieved results.

Quality records are all templates and reports
prepared through the development, procurement,

service, control, examination and quality system
verification process.

The records contain details of a particular
activity, product or service, including at least the
following:

e record title;

e who prepared the record;

e date and place of preparation.

Mech. Eng. Sci. J., 36 (2) 131-136 (2018)



Record management procedure for inspection bodies 133

Any inconsistency is stated in the quality
record.

The records are legible, easy to group and
identify.

The company keeps records of the following
areas:

quality records;

procurement records;

training and verification records;
records for the performed control

YV VY

Keeping records

The records are legible, easy to group and
identify. The records are kept in a place where they
are accessible, protected from damage and loss. The
places where the records are kept, the time period
for storage and the person in charge are precisely
defined. All specified time periods for storage are
considered as minimal. The quality records and
records for the production performance are given in
each procedure. All of the documents are traceable,
easy to use (Tables 2 - 9).

The accredited inspection bodies according to
the 1SO 17020: 2012 standard perform their pro-
curements through companies that are listed in the
list of suppliers. Suppliers through the entry Vendor
Criteria are assessed according to prescribed criteria
such as delivery time, quality of service, quality
certificates held by them, price of the service and
other values that are important for the inspection
body. The three best-rated ones are taken into acco-
unt, the best bid being chosen (Table 2).

In each inspection or verification it is impor-
tant to inform the user according to which the Ins-
pection is conducted. The data and information
referring to the users are managed in accordance
with the positive legal regulations and are of a
confidential character (Table 3).

All relevant regulatory laws and regulations
related to the work of inspection bodies as well as
the ISO standard itself are kept in the classrooms as
long as they are valid. With the entry into force of
new laws, changes the quality manual and all other
records related to that law or regulation (Table 4)

Table 2
Procurement records
No. Record title Storage place Storage time Person in charge
1 Letter Archive 1 year Administrator
2 Suppliers list Archive 1 year Administrator
3 Suppliers’ offers Archive 1 year Administrator
4 Contract Archive 5 years Administrator
Table 3

Archive operation records

No. Record title

Storage place

Storage time

Person in charge

Archive register /request for

Pursuant to the regulation for office

contracts etc.)

and archive operations

1 - - e Archive . . Administrator
inspection / verification and archive operations
Business communication . .

2 documentation (letters, Archive Pursuant to the regulation for office Administrator
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Table 4
Laws
No. Record title Storage place Storage time Person in charge
1 Laws register Archive Until they are valid Administrator

The plan for supervision and maintenance plan
of the equipment is done once a year mostly at the
end of the calendar year in order to start the new
with the already laid out plan. The training phases
in which the inspectors are located also enters the
annual planning. Annually, the management's as-
sessment and supervision of how well planned
activities have been successfully made (Table 5)

The quality manager is responsible for the
quality manual. The organizational structure is des-
cribed in the manual, whereby the manager must
have a direct link with the head of the inspection
body.

Feedback and corrective measures are an im-
portant factor in getting users' feedback and tool
where the firm should be improved (Table 6)..

Table 5
Plans
No. Record title Storage place Storage time Person in charge
Report on plans Archive Administrator
1 S 3 years
materialization
2 Plan on maintenance Archive 3 years Administrator
Table 6
Quality records
No. : Record title Storage place Storage time Person in charge
1 Decisions Quality manager Permanently Quality manager
2 SysFe_matlzatlon and organization of the job Quality manager Permanently Quality manager
positions
Report on the results of the assessment of . .
3 the users’ satisfaction Quality manager 2 years Quality manager
4 Questionnaire Quality manager 2 years Quality manager
5 Report of surveys Quality manager 2 years Quality manager
6 Assessment of the re-examination of the Quality manager 3 vears Quality manager
quality system y g y y 9

Mech. Eng. Sci. J., 36 (2) 131-136 (2018)




Record management procedure for inspection bodies 135

The complete equipment used for inspection is
certified by accredited laboratories. In the process
of inspection, the already prescribed process of
safety at work must be followed by the inspectors
(Tabe 7).

Continuous upgrading of inspectors on a
technical plan and monitoring recent trends is an
important part of the quality policy for the inspec-
tion body. It directly affects the quality of the ser-
vice for which the inspection body strives to be on
the highest level.

The training is performed with certified bodies
or bodies recommended by the device manufacturer
(Table 8).

The financial arrangement may be granted to
outsourcing company or to a department of the
inspection body in charge of it. If the inspection
body has its own department, the administrators are
responsible for monitoring the latest valid rules and
laws according to financial performances (Table 9).

Table 7
Verification/inspection records
No. Record title Storage place Storage time Person in charge
1 Minutes for overtaking the equipment Archive 5 years Administrator
2 Measurement cards of the equipment Archive 5 years Administrator
3 Minutes for the equipment check Archive 5 years Administrator
4 List of equipment Archive 5 years Administrator
5 Minutes for calibration Archive 1 year Administrator
6 Minutes of the handing over Archive 3 years Administrator

Table 8

Training and assessment records

No. Record title Storage place

Storage time Person in charge

Certificates for seminars and

Archive /record for each

! professional improvement employee Permanently Archive
Table 9
Financial operation records

No. :Record title Storage place Storage time Person in charge
1 Orders for business trips Archive Within the legal time limit Administrator
2 Calculations for business trip Archive Within the legal time limit Administrator
3 Invoice Archive Within the legal time limit Administrator
4 Receipt note Archive Within the legal time limit Administrator
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1.6. Reference documents

Documents implemented in the procedure:
* MKS EN ISO / IEC 17020: 2012;
* Quality Manual.

1.7. Appendixes

Instructions and provision for archive opera-
tions.

EXPECTED RESULTS

Having the experience of the past, and the im-
plemented position of the company as an accredited
inspection body for analogue and digital tacho-
graphs, one of the factors that bounce on the accred-
ited bodies is access to information. The simple yet
efficient system, makes the flow of information
fluid and easy to manage and understandable. Such
an implemented system is fully processed from the
highest to the executive level and is the framework
around which the company gravitates and exists.

The archiving of objects and services per-

formed later through the annual analyses and assess-
ments of the management give a clear picture of the

position and direction of the company's movement.
Feedback and corrective measures undertaken are
crucial for the future of the company that builds the
external image through these standardized forms
and the perception of the client towards the com-
pany itself.
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Abstract: Model analysis of mechanism with parallel structure with revolute kinematic pairs by six and three
degrees of freedom is presented. An analytical method for solving the direct kinematics is analyzed by using analytic
equations of the plane in which the movable platform of the manipulator is placed. The obtained solutions cannot be
physically realized from a constructive aspect, therefore a method is proposed by simulation modelling in
Matlab/Simulink and SolidWorks where certain constrains can be made. Respectively, this apples to the angles of
rotation of kinematic revolute pairs and changes in certain dimensions, specifically the kinematics and also following
the operation functionalities of the manipulator in 3D workspace. Additionally, as well through conducted PID control,
the related difficulties in the analytical solution of nonlinear equations can be overcome.

Key words: manipulator; parallel structure; direct kinematics; mechanism; platform parallel structure

KHUHEMATCKHN MOJEJI HA AHAJIN3A HA ITAPAJIEJIEH MAHUITYJIATOP CO IHECT
M CO TPU CTEIIEHM HA CJIOBOJIA

AmncTpaxT: BoTpynoT ce ananusupa Mozen Ha MPOCTOPHH MEXaHU3MH CO TTapaieliHa CTPYKTYpa CO POTHPHU
KWHEMAaTCKH TapOBH CO IIECT U TPH CTENICHHU Ha CJI000/1a. AHAIM3UPAH € aHAJUTHYKH METOJ 32 PellaBamke Ha TUPEKT-
HaTa KMHEMaTHKa CO KOPHCTEHhe Ha aHATUTHYKUTE PAaBEHKH Ha pPaMHUHATA BO KOja JIXKH ITOJIBIKHATA IIaThopma Ha
MaHHMIyJIaTOpOT. PeleHujata Kou co Toa ce JoOHBaaT He MOXKaT KOPEKTHO (DM3MUKH Jla Ce peau3upaar ojf KOHCTPYK-
THBEH aCIeKT, 3aT0a ¢ MPEIOKEH METO cO (OPMHpPAhe HAa UMUTALIMOHEH (CHMYITAIMcKe) Mozen Bo Matlab/Simulink
u SolidWorks. CooBeTHO, MOXe J1a ce HalpaBat OApEeICHA OTPaHNIyBaka BO POTALIMUTE HA 3TII000BHUTE U MEHYBAHbE
Ha OJIpe/ICHH JMMEH3HHU OJHOCHO Ha KMHEMAaTHKaTa ¥ (yHKIMOHAIHO Clie/iekhe Ha paboTaTa Ha MaHHITYJIaTOPOT BO 3]
paboteH npoctop. J{OMOJIHUTENHO € puKaXkaHo ynpaByBamwe co [T KOHTposeH 3aKkoH, Ha4UMH Ha Koj Ou ce nzber-
HaJIC TCIIKOTHUUTE NMPU aHAJIMTUYKOTO pElIaBakb-€ HAa HEJIMHCAPHUTE PaBCHKU.

Knyunu 360poBH: MaHHUITYJIaTOD; MapayellHa CTPYKTypa; TUPEKTHA KHHEMATHKa, MEXaHU3aM;
iatopMa Ha IapajenHa CTpyKTypa

INTRODUCTION

It is well known that compared with tradi-
tional serial mechanisms, parallel mechanisms
have potential advantages: high rigidity, evenly
distributed effect of forces through all the construc-
tion, accuracy of positioning of the manipulator
platform, higher loads, possible velocity and accel-
eration of the platform, etc. However, some disad-
vantages of the parallel structure such as small

workspace and complex forward kinematics also
limit their applications.

Some dynamics problems of parallel mecha-
nisms are about the over-determinate inputs. In
practice, there are many machines that work with
over-determinate input, i.e. their input-number is
much bigger than their mobility number. How to
set the inputs to be accordance and optimum dis-
tribute and to obtain the expectant motion acceler-
ation is a challenge [1].
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Answering direct kinematics is an important
stage in exploring mechanisms with a parallel
structure and the same time is necessary for deter-
mining of the work space and motion modelling.
Two things need to take in account when direct
(forward) kinematic problems are solving, difficult
to calculate and obtaining nonunique solutions [2].
Therefore, in following is present a teachings in

terms of analytical solution direct kinematics of
parallel manipulators and model analysis by Mat-
lab/Simulink and SolidWorks programming pac-
kages. For analytical approach of direct kinema-
tics, parallel manipulators with six (Figure 1a) and
three degrees of freedom (Figure 1b) are con-
sidered.

Fig. 1. Parallel manipulators: a) six and b) three degrees of freedom

METHODS FOR SOLVING FORWARD
KINEMATICS

Forward kinematics can be defined as finding
the position and orientation of the mobile platform
for known generalized coordinates. The position
and orientation of the mobile platform can be repre-
sented in the form of a homogeneous matrix T.

T = [R(a'oﬁ' y) P(x»ly' Z):I, (1)

where R(a, S, y) is the rotational matrix (3x3) with
function of Euler angles, p(x, vy, z) is displacement
vector (3x1) and 0 is zero vector (1x3).

Solving forward kinematics of parallel robots
is a highly difficult problem, and up to date, no
method has been found to obtain a precise unique
analytical solution of direct kinematics. Nowadays,
the most common used method is the equation as-
sembling of connections by which is describe the

distances between the points of the stationary and
the movable platform or some other points [3]. This
method does not lead to solving 18 nonlinear terms,
which it is quite difficult. Three virtual points [4]
will be introduced to reduce the number of steps on
the upper mobile platform, by which the coordinates
of the kinematics pairs of the mobile platform are
defined.

Mobile platform with three virtual points Vi,
V2 and Vrs is given in Figure 2, also shows the mov-
ing kinematic pairs in points bs, b2, bs, bs, bs and b
in case for six legs and angle between pairs is given
by ¢p. Virtual points V1, V12 and Vs make an equi-
lateral triangle, from where it can be analytically de-
termined the surface on which is placed the kine-
matic pairs of the movable platform, and then the
coordinates of the position of kinematic pairs on the
mobile platform are expressed with the coordinates
of the virtual points V1, V2 and V3 for case of par-
allel manipulator with six (Figure 1a) and three
(Figure 1b) degrees of freedom.
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b, = [XV” + KX, =% I, T KW, = W,)2, +K(2,, — Zvn)]r

b, = [va +K(X,, =% I, + KO, =W, )2, +K(Z,, - Zvn)]T

b, =[x, +K(x,, =% )W, + KW, — W )2, +K (2, ~2,)] (@)
by = [XVTZ +K(X, =% IV, + KW, —W.)2, +K(z, , — ZV”)]r

b = [XVT2 + KK, =X I, KWy, = W,,)2,, T Kz, — zvn)]T

where

rsin[gb}
K =

(3)
orsin| 22 |+ rsin| 60" =%
2 2

Fig. 2. Virtual points on the upper-moving platform

From obtained ratios, the matrix of the homo-
geneous coordinates of the joints of the platform is
defined.

mﬁmmb4mm}(®
11 1 1 1 1

To determine the coordinates of the points (co-
ordinates of rotary kinematic pairs), as far as they
are in the legs (Figure 1a [5] and Figure 1b [6]), ro-
tational matrices are used. A case of a parallel ma-
nipulator with six degrees of freedom is presented
in [5] and [6]. A parallel structure is analyzed where
the legs are performed as a knee-lever mechanism
with three degrees of freedom. The analysis gives
the procedure for formation of the rotational matri-
ces whose members are expressed by the rotational
variable coordinate around the axis Oz. For case of
parallel manipulator with three degrees of freedom
(Figure 1b) follows:
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C, =[RL,sin(e,) L, cos(e)[
C, =R,[RL, sin(e;) L, cos(a,)] (5)
C,=R,R,[RL,sin(e;) L, cos(a)[
where
cos(120°) —sin(120°) O
R, =|sin(120°)  cos(120°) O (6)
0 0 1

and ¢; is angles of rotation of the kinematic pairs
Ci relative to the O, axis.

For case of parallel manipulator with six de-
grees of freedom (Figure 1a) follows:

Ci =Teor ()G @
cos(y;) -sin(y;) 0 O
T ()=S0 W) 00 )
0 0 01
R—1,sin(8,)
Co= h, + F?cos(ei) ©
1

where 6; is angle between AiC; and the normal to the
base, i is angular coordinate of the i input kine-
matic pair, hy, and hy are distances of the kinematic
pairs from the static platform and the upper movable
platform, respectively shown in Figure 1a, and also:

27 27
V=0, Y, :?_%’ Vs :?‘F("b’

(10)
dr dr
WV, :?_%v Vs =?+¢B7 Ve =—0,
l, = AC, (11)
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The next step is to assemble a system of equa-
tions in which the unknown coordinates xvri, Yvri,

sides of the equilateral triangle and the lengths of
the legs. For case of parallel manipulator with three

Zvt1, Xvr2, Yvr2, Zvr2, Xvrs, Yvrs and zyrs with nine
equations are expressed through the lengths of the

[, =%, )2+ Gy, = W )2+ (2, — 24, )P )=V
[, =% )2+, = )2+ (2, — 2,0 =V

degrees of freedom (Figure 1b) follows:

[(va - XVn)2 + (va3 - val)Z + (ZvT3 - ZVH)Z]:V2
(Ko = Xer) +(Yoy =Y ) +(Zy =2, ) = 17
(sz_xc2)2+(Y )2+(Z —Zc ) - I—|2 (12)
(sz 03)2 +(Yb3 Yc3)2 +(Zb3 _Zc3)2 = le
(Xb4 c4)2 +(Yb4 —Yeq )2 +(st —Zs )2 = I-|2
(Xps = X5 )’ +(Yys Y o) +(Zb5 _Zc5)2 =Ly
(Xbe - Xce)2 +(Yb6 —Yes )2 +(Zb6 —Zcs )2 = I-|2
For case of parallel manipulator with six degrees of freedom (Figure 1a) follows:
[ vTZ ()’vTl _yv”)z"‘(zvT1 _ZvT2)2]=V2
[ XV XV ) (yVTz _yVT3)2+(ZVT2 _ZVTs)Z]:VZ
[(va - XVn)2 + (va3 - val)z + (ZvT3 - ZVH)Z]:V2
(D1 = C)* + (D1 — C3)* + (D1 — C3)* = L7
(D1 — C)*+ (D — C)* + (D, — C3)* = 1P (13)
(D, = C)* + (D = C)* + (D, — C3)* = L?
(D3 — C1)? + (D3 — C2)* + (D3 — C3)* = L
(Dy = C)* + (D4 = €)% + (D4 — C5)* = L
(Ds = C)* + (Ds = C;)* + (D5 — C3)* = L?
(Ds — C1)? + (Dg — C2)* + (Dg — C3)* = L?
where, through this the matrix is assemble which deter-
L=biCi L = bC; mines the position and orientation of the upper
and floating platform in the space. Through this proce-

dure, the direct kinematics of the parallel manipula-
V= VriVr2 = VoV = VnVrs tors in a matrix form is solved.

are sides of the equilateral triangle. - 7

) ] ) COSa,, COSa, COSa, X,
By solving equations (12) and (13) the coordi-
nates of the virtual points are obtained by which can Tr— cos B, cosp, cosp, Y,
be determine the coordinates of the center of the - (14)
. cos cos cos Z
movable upper platform p(Xp, Y, Zp). Then the direc- Vox Yoy P 2
tional cosines of Oy, Oy and O, axes are defined and 0 0 0 1
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It has been proved by calculation that the sys-
tem of equations (12) and (13) has 40 different so-
lutions, which is confirmed by the research [5], [7]
and [8]. The calculations have shown that some of
the solutions are real and partly complex and depend
on the system parameters and the initial conditions.
From the model analysis of the manipulator it can
be concluded that the choice of generalized
coordinates does not provide a uniquely determined
position of the mobile platform without considering
the conditions of the connections, linear and angular
velocities, which is also contained in the paper [3].
Consequently some constraints on the parameters
should be made for example limiting the angles of
rotation of the joints proposed in [6]. Therefore, in
following a simulation model is presented and these
constraints can be introduced in 3D working space
and examine it functionally by observing the move-
ments of the mobile platform or its centre. Consid-
ering a case for parallel robot with six degrees of
freedom whose legs are knee-lobe and by knowing
the matrix T, that define position and orientation of
the platform, consequently the position of the knee
driven by the servo-motor can obtained, that is the
angle of rotation a;. The knee-lever mechanism lies
in one plane (Figure 3) and knee and lever have con-
stant length, the following equations can be set:

(XCi - XBi )2 +(YCi _YBi )2 +(ZCi _ZBi )2 = I-|

(15)
(Xbi - XCi)2 +(Ybi _YCi )2 +(Zbi _ZCi )2 = Lk
(16)
XBi (XCi - XBi )2 +YBi (YCi _YBi )2 + ZBi (ZCi _ZBi )2 = 0|
(17)
zZ A
Zp—me «
|
o |
L |
" >
0 X, x

Fig. 3. Knee Lk in the ZOX plane

Knowing the coordinates of C;, the angle of ro-
tation «; can determine with the following expres-
sions:
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z
a, = arccos(=b),

Lip
z
a, = arccos (=2),
Lip
z
a3 = arccos (=) (18)
Lkp
z
a, = arccos (=),
Lkp
z
as = arccos(==2),
Lkp

ag = arccos(iﬁ)
ep

Modelling and simulation of manipulator
with six legs knee-lever type

In order to explore the kinematics of the paral-
lel manipulator, as case study is manipulator with
parallel structure as shown in Figure 4 above, with
following parameters: I, = 0.7 m, ly= 0.35 m for time
t=2s.

Fig. 4. Manipulator with parallel structure (above)
and parallel manipulator constructed
in SolidWorks (below)

Parallel robot manipulator
in 2D working environment

Figure 5 presents a simulation model from
which can be determine the dynamic characteristics,
as displacements, velocity and acceleration of the
joints and members of the parallel robot manipula-
tor in the 2D environment for the given movements
of the knees.
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Fig. 5. Parallel manipulator with six legs
The diagram in Figure 6 gives the curves of curve represents the displacement, the second is ve-
displacement, velocity and acceleration of the cen- locity variation and the third curve refers to the ac-
ter of gravity of the mobile platform, where the first celeration.

0 0.5 1 L5
t(s)

Fig. 6. Curves of displacement, velocity and acceleration of the center of the mobile platform
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Fig. 7. View of the blocks for calculating the displacement, velocity and acceleration of the mobile platform

Parallel robot manipulator in 3D working
environment

In the software 3D CAD package SolidWorks,
the parallel manipulator is constructed through the
appropriate tools. Individually construct all its parts
and with appropriate functions the connection is
carried out to eventually function. In our case, we
have six knee-lever legs through which the mobile
(upper) platform is shown in Figure 4 below. After

e e

[N

DI

. fb tacy
e

S

i

finishing the construction of the parallel manipula-
tor with six knee-lever legs in SolidWorks, by using
the Simscape Multibody Link tool saved file is ex-
port from SolidWorks to Matlab Simulink. After the
proper input of the already saved SolidWorks file
and its activation in Matlab Simulink, the model of
the parallel manipulator is created in Matlab Sim-
ulink (Figure 8).

Each leg has a PID control that manages its
movement and Figure 9 presents PID control for one

leg.

i

a2

—ien

diep

.......

Fig. 8. Simulation model of a parallel manipulator obtained by transferring the file from SolidWorks to Matlab Simulink
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Fig. 9. View the blocks that constitute the PID control
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Abstract: In this paper, a research process for obtaining a creative solution which will help for the general
improvement of people's mental health is presented. This goal is achieved by following the design thinking methodol-
ogy. Theoretical analysis on the subject “positive design” and detailed interdisciplinary research and application of
modern methods and principles in the field of industrial design were performed. In addition, this paper contains the
following ethnographic methods: observation of the target group, collecting photo-materials, analysis of different situ-
ations, informative polls, and analysis and systematization of data. As a result, an innovative, urban pavilion was de-
signed, a pavilion which would reduce the stress and alleviate everyday life of the residents of the modern cities. With
this done, the need for increasing awareness about the significance of positive design and social designing the modern
lifestyle was promoted, since it can be used as a tool to improve general wellbeing and society advancement.

Key words: mental health; design thinking; ethnography; pavilion; urban design

JAU3AJH 3A ITIOJOBAP KBAJIUTET HA ) KUBEEILE U MEHTAJIHO 3/IPABJE

AmncTpaxkT Bo 0BOj TpyA € mpe3eHTHpaH CIPOBEICHUOT HCTPAXKyBauKH IPOLEC 32 JOOUBAME KPEaTHBHO
pellIeHre Koe Ke TIOMOTHE 3a FeHEepaJlHO MoA00pyBambe Ha MEHTATHOTO 37pasje. LlenTa e mocTurHaTa npexy cieieme
Ha METOIOJIOTHjaTa ,,IM3ajHEPCKO pasMHCIyBamke . HampaBeHu ce TeopeTcka aHann3a Ha TeMa ,,[IO3UTHBEH JU3ajH " ’
JIETaJIHO MHTEPANCIUIIMHAPHO HCTPAKyBame M allIMKaldja Ha MOAEPHH METOAW M HPHUHIUIN Ha MOJNeTO Ha
WHIYCTPUCKH AU3ajH. JIOTIOTHUTEIIHO, OBOj TPY/] T COAP>KH U CIICTHUBE eTHOTPa)CKH METON: HaOJby yBame Ha Tap-
reT-rpyna, codupame Ha (HOoTOMaTepHjaliy, aHAIM3a Ha Pa3IMYHH CUTyalnd, HHQOPMATUBHO aHKETHpame, Kako U
aHanM3a M cHCTeMaTu3anyja Ha nmojaTtonuTe. Kako pe3ynTtar Ha MCTpaXyBameTO € JHU3ajHHpaH MHOBATHBEH ypOaH
MaBHJIjOH KOj OW TO HAMaJTUJI CEKOjJHEBHUOT CTPEC U OU o OJIECHWII )KUBOTOT Ha rpalaHUTe BO MOAEPHHUTE IPa/IOBH.
Ipexy 0BOj AM3ajH € HaryaceHa NoTpedara oJ] MOAUrakEe Ha CBECTA 3a 3HAUCHETO Ha MO3UTUBHUOT IM3ajH U COLIMjall-
HUOT JIU3ajH BO MOJEPHHTE OIIITECTBa, OMAEjKM TOj MOXKE Jla c€ KOPUCTH KaKO ajlaTKa 3a MoAo0pyBame Ha ONIITATa
6yarococrojba 1 HaIIpeIOK Ha OIIITECTBOTO.

Kiyunu 360poBH: MEHTAITHO 3]paBje; IH3ajHEPCKO pa3sMUCITyBambe; eTHorpaduja; maBuiIjoH; ypoaH qu3ajH

1. INTRODUCTION stress-relief activities, hectic way of life in cities,

dynamic every day habits, etc. Therefore, a com-

In this paper, emphasis is placed on designing monly raised question is: how to help people avoid,

for positive emotions in terms of improving the way or at least reduce, the negative impacts that modern

people live and having a positive impact on their communities have on them. This is especially im-

mental health. Lately, a number of factors in peo- portant because happy people contribute more to the
ple's everyday life have begun to trigger a rapid development of societies.

stress growth that results with a block in the quality ,
of work and social activities, as well as the emer- Today, when more than half of the worlds
gence of different degrees of mental health disor- population lives in cities, urban design has an
ders. These risk factors include: increasing work exciting potential in terms of positive influence on
hours, lack of free time, lack of engagement in citizens.
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Having this said, from a designer perspective,
this issue is addressed by following the design
thinking methodology. In this paper, research was
conducted to gain insight into the emotions and
behaviors of citizens in order to pinpoint their most
important needs. Serious analysis of the emotional
and mental connection between users and their
surroundings helped to generate an idea for a solu-
tion to this very complex challenge — improving the
general wellbeing and increasing positive moods
and mental health.

The design thinking process took place as
follows:

Table 1
Description of the design thinking process

Detail studying of the main causes of stress, nega-
tive moods, unproductiveness and depressive
thoughts.

Studying of the impact of urban design on the
moods and behaviors of citizens.

Ethnographic research:
independent observation,

quantitative examination in a structural
form.

Analysis and systematization of data — pinpointing
an exact way in which the issue can be solved.

Analysis of existing forms of solutions to the same
or similar issues.

Idea — establishing hypothesis.

Defining designer goals that the design (solution)
needs to meet.

Gathering inspiration (positive design, natural sys-
tems, eco design, ergonomics, etc.)

Generating concepts.
Grading concepts.

EMPATHIZE

DEFINE

IDEATE

Developing a 3D model.
Building a prototype.

PROTOTYPE

Testing the provided solution by presenting the
idea to potential users.

Conducting an additional survey in order to re-
ceive feedback.

TEST

The result of this process was a design of an
urban pavilion — a location that unities the key ele-
ments of positive design, based on the principles of
modularity, bionics, ecology and ergonomics. The
purpose of this design is to provide a creative solu-
tion that will contribute to solving the problems in
people's lives created by “the urban jungle”, to sug-
gest a concept space/facility that could be placed
across multiple network locations in the city. This

space would be a partial compensation for the lack
of free time and relaxation methods and would help
stimulate creativity and positive moods.

The main goal of this design and paper is to
emphasize that designers need to accept their social
responsibility and explore ways to gradually im-
prove the mental health and wellbeing of people by
creating products that encourage them to engage in
activities that help them feel good.

2. URBAN DESIGN AND MENTAL HEALTH

A. Impact of good mental health on society
progress

Only individuals with good mental health are
able to reach their own full potential. This means
they are able to use their skills and talents fully in
favor of social and economic development of the so-
ciety. They express positive emotions and attitudes
toward their assignments, deal better with stress, are
more creative and more likely to implement their
good ideas. All these points are evident in everyday
life situations, but also shown as results from vari-
ous conducted researches on this subject.

Lyubomirsky, King and Diener in their re-
search present the conclusion that “happy workers
enjoy multiple advantages over their less happy
peers” [1]. Not only the individuals who have higher
subjective wellbeing do better at interviews, but
they also get better evaluations from their supervi-
sors when they get the job due to showing better per-
formance and productivity and are more likely not
to show outbursts at the work place. Even before
they start searching for jobs, people with positive
attitudes are more likely to graduate collage, and
later work on better work positions with greater au-
tonomy, meaning and diversity of tasks. In addition,
Frisch shows that people with a general satisfaction
in most valued areas of life and greater happiness
are more initiative, productive and satisfied with
their jobs [2].

Another detailed research titled “Employee
Positive Emotion and Favourable Outcomes at the
Workplace” [3] shows similar results. The research-
ers Staw, Sutton and Pelled described several spe-
cific relationships in order to define their hypothesis
about the favorable outcomes of positive emotions
on productivity.

What this model of relationships showed, ba-
sically was that positive emotions have desirable ef-
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fects on the person himself and not only on his rela-
tionship with others. This includes grater activity at
given tasks, persistency and cognitive functioning.
Also, their pleasant vibes and reactions help them
cooperate better with colleagues because they ap-
pear more likeable to them. This is closely related
with favorable responses and reactions from the
people they communicate with who easily consider
and accept their ideas and leadership. In addition,
they enjoy higher ranking on different desirable cri-
teria connected with the work position.

Having in mind the facts mentioned above it
could be stated that there is a loop connection be-
tween good mental health and positive thoughts,
progress of companies and progress of societies.
Therefore, it is crucial to understand the outcome of
different positive emotional attitudes at the work
place and explore ways to encourage them and
channel them towards development and innovation
(Figure 1).

Positive
/ attitude \
Healthy towards Positive

suroundings, life and job

positive interactions.

. Increased

everyday life. o
yeay productivity

Society progress, Innovation

environmental
improvement.

and progress
of the company.

Fig. 1. Chain connection between positive attitudes
and development of societies

B. The influence of life in cities on mental health

As previously mentioned, today more than
50% of the global population lives in cities, and it is
expected that this percent will increase up to 70%
by the year of 2050 [4]. People migrate to larger cit-
ies in search for better opportunities, such as avail-
ability of work, better and wider choice of education
and healthcare institutions, better services, more
places for entertainment etc. However, with the con-
stantly increasing trend of urbanization, more and
more people are exposed to factors that increase the
levels of stress, which has a negative influence on
mental health. Such factors can originate from the
urban social environment (low socio-economic sta-
tus, low social support, social segregation, minority
status), but mostly from the urban physical environ-
ment. The second category includes problems such
as grater pollution — of earth, air, water; noise — traf-
fic; urban design — tall oppressive buildings, big

Maw. unoe. nayu. ciivc., 36 (2). 145-154 (2018)

density of objects; other physical threats — acci-
dents, violence.

A simple research by observation was done in
order to understand the existing factors of risk in the
city of Skopje. After analyzing the urban environ-
ment, it became clear that the citizens are constantly
exposed to sights that contribute to increase of stress
and anxiety. Examples are shown on the images be-
low. They illustrate the main issues in big cities,
such as pollution (Figure 2), physical threats (Figure
3), small streets crowded easily with heavy traffic
during rush hours (Figure 4) and densely placed new
buildings (Figure 5). All of which trigger feelings of
insecurity and tension.

. 4
Fig. 3. Physical threats
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Fig. 5. Busy streets, traffic.

C. The role of urban design
in mental health improvement

In order to reduce the factors of risk a specific
approach is necessary when designing the urban en-
vironment. Design is a key element in all our sur-
roundings and a meaningful factor in our everyday
lives, so a question is raised — how design of urban
environments can improve the physical, mental
health, positive mood and help with stress reduc-
tion.

According to a policy brief published by the
Centre for Urban Design and Mental Health (May
2016) [5], four main principles need to be followed

in urban design in order for it to have a positive
impact: Green areas; active zones; pro-social
places and safe places.

1. Green areas

The benefits from spending time in nature are
numerous. Nature is good for the general wellbeing
because it promotes physical activity, social interac-
tions, it allows the mind to rest from everyday tasks,
and it enables aesthetic enjoyment.

For these reasons, green areas need to be inte-
grated in all kinds of urban planning. Large green
areas where people can go for a walk, socialize or
exercise have the greatest effect, however, it is very
important that the citizens are constantly and regu-
larly exposed to natural elements during their daily
routines (such as trees and flowers, fountains, views
to parks from office rooms, gardens for lunch breaks
etc.). Charlotte Collins, in her summery of the WHO
report on “Urban Green Spaces and Health” [6],
talks about the quality versus the quantity of natural
environments in a city. She emphasizes that fre-
quent, even if smaller, natural surroundings are
more useful because the sight of horticultural ele-
ments mixed with the urban equipment reduce men-
tal tiredness, aggression and stress. On this same
subject, Jonce Walker, urban planner and sustaina-
bility professional, talks about Biophilic Urban Ac-
upuncture (BUA) [7], which is a theory that knots of
biophilic interventions in specific urban locations in
dense cities can help to improve the mood and con-
nect people.

2. Active zones

It is already well known that regular physical
activity has plenty of positive effects not only on
physical, but also on mental health, since exercise
reduces depression, anxiety and stress and improves
the general wellbeing.

Urban design has a potential to influence the
daily physical activity of people by changing their
everyday paths as they move through the city. For
example, a research [8] shows that in the USA daily
bike rides of kids and adults consist of only 1% of
total means of travel, in comparison with the Neth-
erlands and other European cities where bike travels
are 20% to 30% from the total daily means of travel.
This situation is mainly due to the proper pedestrian
and cyclist conditions, restrictions on vehicle
speeds, expanded sidewalks, longer-lasting green
traffic lights for pedestrians, etc.
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When starting any urban project, consideration
should be given to its impact on health and the
environment. Such changes will be essential for
making physical activity a regular and natural part
of everyday life.

3, Pro-social places

One of the most important opportunities for
promoting good mental health is achieving natural,
positive social interactions between people in a
social community. Urban places need to have loca-
tions that encourage positive social interaction.

In a research conducted as a part of the “Center
for Welfare Program” [9] professionals from dif-
ferent sectors were surveyed about the welfare of
the community. Out of a total of 317 respondents,
more than 60% believed that community wellbeing
was based on “strong networks of relationships and
support between people in the community”, as well
as “close relationships and friendships between
neighbors and acquaintances”. Additionally, most
of them shared the view that “well-being is a result
of a sense of belonging in a community, a sense of
security in it and an opportunity to take action in
order to influence its improvement”. The results
show why the welfare of the community creates the
best places to live in.

4. Safe places

The feeling of safety and security is integral to
good mental health and well-being. Urban dangers
include traffic, being lost in space, environmental
pollution and danger from other people. The feeling
of insecurity increases chronic stress and levels of
anxiety, and people living in less secure neighbor-
hoods are less likely to go outside for a walk or
engage in any other physical or social activity.

In this paper, besides the four previously dis-
cussed principles published by the UD/MH Centre,
two others are suggested and taken into considera-
tion as important for improving the mental health:
personal space and variety of outdoor activities.
Personal space is the need for including secluded
and peaceful areas in urban design projects that al-
low quiet introspection and individual relaxation. In
addition, urban spaces should be enriched with
equipment that enables people to engage in a variety
of outdoor activities such as: lounge chairs for re-
laxation, benches that can be used for coffee breaks,
lunch areas with tables and benches, reading zones
in well-lit spaces, etc.
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All the mentioned principles are branched out
later on in the research to lists of ideas and attributes
that can be used for good, user-centred urban de-
sign.

3. ETHNOGRAPHIC RESEARCH

In order to develop a better understanding of
the way people live in big cities and the factors that
interfere with their mental health an ethnographic
research was conducted using the following met-
hods: method of observation and method of exami-
nation.

A. Observation method

The method of observation is usually per-
formed by observing and recording the behavior of
a target group in different situations from a point of
view of the subject of research [10]. This method
was used by independent monitoring of the behavior
of the residents of Skopje, in their natural, everyday
environment. Choosing an observation method of
an independent type, with a present researcher with-
out his/her active participation, rather than a partic-
ipative one, with an included social interaction be-
tween the researcher and the respondents, and
choosing the natural environment over an artifi-
cially created one, allowed the observed individuals
to act naturally since they were not aware they are
being observed. This means the collection of data
was simple, but accurate and it didn't require
additional costs. The source of information was eve-
rything included in the surroundings: the physical
environment, physical activities, frequencies of in-
teraction and communication, etc.

The observation process was done following
the suggestions of Whitehead. He, states in his pa-
per “Basic Classical Ethnographic Research Meth-
ods” [11] that in order for the observation process to
be successful and complete, it is important, when
implementing it, to take into account relevant
categories for obtaining data amongst which are: the
space of the social setting, objects that are used,
characteristic of the individuals, their behaviors, the
patterns of interaction, emotions, physical environ-
mental elements present in the setting and so on.

The research data collection, according to
these relevant categories, is consisted of 3 elements:

e descriptive part — description of the partici-
pants, their surroundings and the event;

o reflective notes — personal thoughts related
with the observed situation;
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e demographic information — data about the time
and place of the conducted research.

Characteristic situations that reflect the beha-
vior of the residents of Skopje during the working
days were pointed out. All these situations were
demonstrated through several photographs, analyz-
ed in detail and commented on. Some of them are
presented as cases in Table 2.

Table 2
Description of 3 studied cases

CASE DISCUSSION

| The photograph captures several em-
| ployees from a sales company spending
their breakfast break together around
9:30 am. They stood in front of the
entrance of their offices, ate their
. breakfast out of plastic bags, and after

¢\ that they finished their morning coffee.
The total time they spent outside was
about 20 minutes due to favourable
weather conditions. They didn't have a
place to sit or a table so they used the
side wall of the building for leaning,
placing their mugs and ashtrays.

This photographed case shows the
employers of a company for import and
distribution of food products who are
spending time out of their office around
noon for their lunch break. They had
| their lunch, talked for a while and got
y back to work inside. Since there was no
suitable sitting area around the object
they used a couple of pallets as benches
for sitting and rest. They ended their
break early.

This photograph is taken during
working hours on a rainy day, in front of
a mall. The employees went out of the
= building for coffee breaks, being careful
to stand under the covered part in front
of the entrance so they wouldn't get wet.
Their breaks were very short — 5 to 10
min maximum. They had a few sips,
talked to each other and on their phones,
. than they went back inside.

The drawn conclusion from the observation
method is the following:

The employed citizens of Skopje do not have
enough appropriate places where they can rest from
work during the day. Unfortunately, most compa-
nies and municipalities do not invest in adequate ex-
ternal space that would stimulate the creativity and
productivity of the employees and citizens.

Since the focus in the performed observation is
mainly on the external behaviour, the motives,
attitudes and other inner conditions are not obvious
and all the collected data is not standardized. That is

why this type of research was combined with a sur-
vey as an additional method in order for the results
to be complete.

B. Examination method

The examination method is the most com-
monly used method, since it is most suitable for col-
lecting qualitative information. It allows data col-
lection from the interviewed individuals related
with their opinions, attitudes, intentions, prefer-
ences, feelings, ideas, as well as information related
with their behaviour and their demographic charac-
teristics [10]. The method was used as a quantitative
technique — through a survey. The questions were in
a structural form, 21 in total, and 50 male and fe-
male respondents answered it. They are all of differ-
ent age, employed in institutions in public admin-
istration and the private sector (media; software de-
velopment companies; trade companies for import,
export and distribution of goods). The main goal of
the survey was to examine the way people think and
what they feel during their daily routines. More pre-
cisely, to think of ways that could help for stress re-
duction, that is, to see how the daily habits of people
can be influenced in order to improve their mental
health, productivity and creativity.

The main conclusions from the performed sur-
vey are:

e Adult, employed residents of Skopje feel
stressed out, insufficiently rested and over-
whelmed most hours of the day. Life in Skopje
increases their anxiety. An estimated 48% of
respondents answered with “often” to the
question “How often do you feel overwhelmed
with work and under stress during the day?”,
30% answered “sometimes”, 12% — “all the
time” and only 10% — “rarely”. In addition,
most chose the answer “It makes me stressed
out” (66%) to the question “Do you believe the
way of life in Skopje increases your everyday
stress levels?”.

e They need better use of the free time they have
during the day and appropriate activities for re-
ducing stress and stimulating their creativity.
Results show they mostly spend their free time
eating, drinking coffee, in front of the TV or
browsing the Internet.

e They need a suitable space where they can en-
gage in such activities on breaks during the
working day as well as in their private spare
time. When asked “In what kind of space do
you spend your breaks?”” most answers were:
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“lunch area” 38%, and “space inadequate for
spending breaks” 38%. Moreover, top re-
sponses to the survey question “Are you satis-
fied with the space where you spend your free
time during the day?” were: 42% “a little” and
38% “not at all”.

e They are likely to enjoy using such spaces.
This conclusion originates from the answers to
the question “If there is a suitably designed
space close to your home/work would you
spend time there — relaxing, reading, working
etc.?” which were: 78% “yes”, 16% “I don’t
know” and 6% “no”.

The conclusions drawn from the conducted
analysis through observation and examination are
indicators that in the city of Skopje there is a
problem of lack of adequate urban space where
people could engage in everyday activities that
contribute to the maintenance and improvement of
their mental health. This problem, if left neglected,
would eventually evolve into an even more complex
social situation — a society that can not progress
because its inhabitants are massively affected by
urban stress, irritable, prone to depression, incapa-
ble of establishing positive social relations and with
significantly reduced creativity and productivity.

4. ESTABLISHING HYPOTHESES

All the research carried out and analysis of
collected data resulted with an idea to design a
product that would help solve the previously
defined problems — urban pavilion.

The idea for this pavilion is to be designed as
an urban space that would be a source of positive
vibes and emotions for the citizens and would com-
plement the deficit of adequate space for spending
free time. This pavilion, as a product, is intended to
be a structure that can be incorporated in different
city locations. On the other hand, companies could
invest in this structure and place it next to their main
buildings, as an additional space meant to be used
by employees, so that they can step away from the
dynamic surroundings and closed office space sev-
eral times a day. This pavilion is imagined as a place
where citizens can spend time alone or in company,
to have coffee or a meal, read books, newspapers
and magazines, work on their computer, have a
relaxed working meeting, or simply have a few
minutes for individual relaxation. This way of
functioning would allow reduction of the stress that
everyday life brings to people. That is the reason
why this pavilion should be created using the
principles of positive design.
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Based on the theoretical and ethnographic re-
searches, as well as a local and global market anal-
ysis, according to the perceived needs of potential
users that need to be met, and generated idea for a
product, the following hypotheses can be defined:

1) |If there are adequately equipped urban pavil-
ions in the big cities, they would solve the
problem of lack of space for spending time on
break, overtime, meetings, socializing, etc.
and it would be a pleasure for the citizens to
use them.

2) If there are adequately equipped urban pavil-
ions in the big cities, they would have a signif-
icant impact on the reduction of the stress of
citizens in their everyday life and on the long-
term improvement of their mental health.

5. PRODUCT DEVELOPMENT FOLLOWING
THE PRINCIPLES OF POSITIVE DESIGN

Becoming aware of a social issue and mulling
over an idea that could solve it was only the begin-
ning phase of the used design thinking methodol-
ogy. The following step was to clearly define the
goals that the designed solution needs to follow in
order to satisfy customer needs. There were 10 main
designer goals defined:

1) Exploitation of the pavilion at temperatures
from 12 to 35°C.

2) Exploitation of the pavilion at least 14 hours a
day (07:00-21:00).

3) Exploitation of the pavilion 7 months a year
(March — June; September — November).

4) Durable construction, at least 10 years without
need of serious repairs.

5) Use of positive and warm materials (wood).

6) Possibility of adapting space size according to
number of users (10, 10-20, 20-30, more than
30).

7) Sufficient number of tables and desks accor-
ding to the number of users (comfort and
safety, applied ergonomics).

8) Incorporating a lot of horticultural units.

9) Unique and modern design, following the
latest trends.

10) Eco design, not threatening the local eco
system and performing at least 3 eco functions.

Following these directions, and seeking inspi-
rations in nature for the functionality of the design,
several concepts were developed. The chosen con-
cept evolved in a detailed 3D computer model (Fig-
ure 6), and a 3D-printed model (Figure 7).
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Fig. 7. The process of creating a physical 3D-printed model.

The designed pavilion satisfies the designer
goals and follows the principles of positive design
in more than one way, predented in Table 3.

Besides following the positive design princi-
ples, the strong side of the pavilion is its modularity.
It has a playful, modern structure, following the
“origami” design trend, which not only looks attrac-
tive, but also allows simple upgrading of the object.
The entire pavilion is made out of basic modular
segments that can be connected for easy adaptation
to different spaces and different number of users
(Figure 8). This also means reduced costs for
development and easy repairing with simple
replacement.

Another strong point are the ecological func-
tions:

e solar power generation to supply the plugs
for electrical devices in the interior;

o collecting rain water for irrigation of the
surrounding park through a specially
designed angle of inclination of the roof
panels (Figure 9);

e environmentally friendly and recyclable
materials (wood and plastic).

In order to achieve maximum comfort regard-
less of external conditions, and escape costs for
heating or cooling the space, the side walls of the

pavilion have an option for installing rotating pan-
els. They can be placed on sides exposed to sun and
wind which will allow the space to be closed during
unfavorable weather conditions (Figure 10). These
panels are designed as semi-transparent, matte, in
order to provide shading, but also let natural light to
enter the space.

Table 3

Description of how the positive design principles
are applied to the design of the pavilion

P.D. PRINCIPLE APPLICATION

® Design that provides a biophilic intervention by
integrated plants in the interior and natural sur-
roundings.

® Sun roof for obtaining a beautiful sky view.

® Enabled connection with nature and enhanced
sense of relaxation.

GREEN AREAS

® Pavilion that initiates spending time outside of
the office/lhome/car. It encourages movement
and taking action.

ACTIVE ZONES

© Well organized benches for 2 and more people
that encourage spontaneous social interactions.

Space that can be used to gather people for
workshops, events, volunteering, picnics etc.

PRO-SOCIAL PLACES
°

® Open-space design without objects that block
the sight.

® Abundant amount of natural light.

® Structure with user-friendly, safe and recyclable
materials  (wood, polycarbonate, acrylic,
polypropylene).

® Applied ergonomic measurements.

® Modular design, adding or removing modules to

increase/decrease the space and adapt it to the
number of users.

SAFE PLACES

® Allowed privacy in some segments.

® Separate benches, tables and lounge chairs for 1
person.

PERSONAL SPACE

o Rest areas (relaxing lounge chairs, quiet
surroundings, park).

* Work zones (tables, plugs, wi-fi).

» Reading zones (separate benches for 1 in a well-
lit place).

o Lunch break areas (lunch tables).

» Coffee break areas (benches for 2 and more peo-
ple with coffee tables).

VARIETY OF ACTIVITIES
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Fig. 9. Roof close-up
(solar panels, pipes for rain water collection)

Fig. 10. Close-up of the rotating side panels.

For the color choice, a separate research on
color and emotion was made [12, 13, 14, 15, 16],
and the conclusions (Table 4) helped to define the
ideal color combination: blue, yellow and white —
colors related with happiness, socializing, activity,
relaxation, calmness, patience and creativity.

Table 4
Effects of colours on human emotions

red
green
orange

X' purple
brown
grey/black

X white

positive X
happy X
excited X
entertained X
X
X

X X' blue
X
X

social
active
hungry
attentive
creative X
patient X X
calm X
neutral X
frightened X

sad X X

XX XXX XXX
X X X X

Maw. unoe. nayu. ciivc., 36 (2). 145-154 (2018)

6. EVALUATION

In order to determine the way people would
respond to the pavilion and whether the design
confirms the given hypotheses, a test was conducted
involving a focus group of 30 adult, employed
citizens of Skopje. They were shown images of 3D
models of the designed pavilion and they were
asked to check one option from a given list of
words, each describing different types of emotion.
The interview were supposed to check the emotion
that they felt strongest when viewing the visuals
from the pavilion.

The given list of emotions is the following:

anger sadness/depression/ irritation/disturbance

coldness
safety | calmness relaxation | creativity/ imagination
joy fun/excitement ' boredom tiredness/sleepiness

neutrality love hate

This kind of testing is visual and simple, an-
swered by choosing and checking an option from a
given list. There are no detailed questions that re-
quire writing or explaining so that the respondents
do not feel annoyed when responding. They can an-
swer according to the first thoughts and emotions
that emerge when looking at the pictures.

This test was necessary in order to receive
feedback and determine if this pavilion would have
a positive effect on. The results of the survey are
shown below by a column chart (Diagram 1) show-
ing the most commonly expressed emotions among
the examinees when viewing the pavilion.

o N B~ O
—
+
]

—

Diagram 1. Most common emotions associated
with the pavilion

None of the negative emotions were chosen,
and feelings of relaxation, calmness, creativity and
happiness dominate in the answers. From this, it can
be concluded that the previously defined hypotheses
are confirmed.
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7. CONCLUSIONS AND DISCUSSION

The steady following of the design thinking
methodology allowed getting close to the users and
creating a design that has a potential to improve
their life. During the theoretical research, the im-
portance of designing for mental health improve-
ment was emphasized. Through the conducted
ethnographic research by a detailed survey about the
habits of adult, employed residents of the city of
Skopje, as well as the observation of their daily
behavior, the lack of dedicated attention to this
important topic was realized.

Therefore, the direction in which the practical
research headed was designing a space that would
improve the quality of life of the citizens of Skopje.
The ecological, modular pavilion, based on the prin-
ciples of natural systems, and above all of positive
design, offers a lot of possibilities for its simple
modification and use in the urban environment of
Skopje. Regardless if the object would be placed in
public parks of municipalities or as an additional ob-
ject to the companies' main facility buildings, this
pavilion would be a step forward in designing for
positive emotions and raising awareness about the
importance of improving mental health.

The final conducted evaluation regarding the
product showed a positive response from the focus
group which is an indicator that citizens would like
to use this space and that it would increase their pos-
itive mood, but in order to determine with certainty
that the pavilion would influence the long-term
improvement of mental health, further experimental
analysis with a sample of such a pavilion should be
done. This remains a suggestion for further research
and completion of this topic.

REFERENCES

[1] Lyubomirsky, S., King L., Diener, E.: The Benefits of
Frequent Positive Affect: Does Happiness Lead to Suc-
cess?, American Psychological Association, Psychologi-
cal Bulletin, VVol. 131, No. 6, 803-855 (2005).

[2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Frisch, M. B.: Evidence-Based Well-Being / Positive
Psychology Assessment and Intervention with Quality of
Life Therapy and Coaching and the Quality of Life
Inventory (QOLI), Springer Science + Business Media,
2013.

Staw, B. M., Sutton, R. I, Pelled, L. H.: Employee
Positive Emotion and Favorable Outcomes at the
Workplace, Organization Science, Vol. 5, No. 1 (1994).

United Nations, Department of Economic and Social
Affairs: Population Division: World Urbanization
Prospects, New York: United Nations, 2014.

The Centre for Urban Design and Mental Health,
https://www.urbandesignmentalhealth.com/how-urban-
design-can-impact-mental-health.html

Collins, C.: Urban Green Spaces and Mental Health:
What Does WHO recommend?, Sanity and Urbanity: a
UD/MH blog, 2016.

Walker, J.: How to Use Biophilic Urban Acupuncture to
Promote Good Mental Health, Sanity and Urbanity: a
UD/MH blog, 2016.

The Centre for Urban Design and Mental Health,
https://www.hsph.harvard.edu/obesity-prevention-sour
ce/obesity-causes/physical-activity-environment/

Corcoran, R., Marshall, G.: Planning for Wellbeing, The
Prosocial Place Programme: Institute of Psychology
Health and Society and Heseltine Institute of Public
Policy & Practice, University of Liverpool, UK, 2016.

Jovanovska, S. R.: Consumer Behaviour, Faculty of
Economics, University Ss. Cyril and Methodius, Skopje,
2013.

Whitehead, T. L.: Basic Classical Ethnographic Rese-
arch Methods, Cultural Ecology of Health and Chang,
2005.

Odomm A. S, Sholtz, S. S.: The Reds, Whites, and Blues
of Emotion: Examining, 2000.

Kurt, S., & Osueke, K. K.: The Effects of Color on the
Moods of College Students. SAGE Open. 2014. https://
doi.org/10.1177/2158244014525423

Norton, L. L.: What Color is Your Mood, Missouri
Western State University Department of Psychology,
2006.

Lawler, C. O., Lawler, E. E.: Color mood associations in
young children, The Journal of Genetic Psychology:
Research and Theory on Human Development, 107 (1), 29-32
(1965).

Mehta, R., Zhu, R. J.: Blue or Red? Exploring the effect
of color on cognitive task performances, Science, Vol.
323, Issue 5918, pp. 1226-1229 (2009).

Mech. Eng. Sci. J., 36 (2), 145-154 (2018)


https://www.hsph.harvard.edu/obesity-prevention-sour
https://www.hsph.harvard.edu/obesity-prevention-sour
https://doi.org/10.1177/2158244014525423
https://doi.org/10.1177/2158244014525423
https://doi.org/10.1177/2158244014525423
https://doi.org/10.1177/2158244014525423

Mechanical Engineering — Scientific Journal, Vol. 36, No. 2, pp. 155-159 (2018)

Number of article: 594 ISSN 1857-5293
CODEN: MINSC5 e-ISSN 1857-9191
Received: March 30, 2018 UDC: 658.527-027.44:620.2-024.25

Accepted: April 30, 2018
Original scientific paper

SUSTAINABLE ASPECTS OF ADDITIVE MANUFACTURING
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Abstract Improvement of the sustainability of products seems like constant battle between the production
companies and the society, in order to preserve the environment for the future generations. New opportunities are on
the horizon with the additive manufacturing technologies. Additive manufacturing, known as 3D printing, encompass
different processes under one name. Each of these processes is unique, but they are all based on the same principle for
layer-by layer building of the product. The versatility of these processes may seem challenging but on the other hand,
it gives a wide range of opportunities for different application in product design and production. Companies worldwide
are already using these benefits and redesigning their products.In this paper, we want to show that design can make
huge impact. We can achieve that by using the topology optimization tools and the additive manufacturing in order to
create lightweight parts. We use topology optimization to achieve best solution for the design of the part and the additive
manufacturing to produce it.

Key words: sustainability; additive manufacturing; design process; lightweight parts

OJAPXKJIUBU ACIIEKTU HA AAUTUBHOTO ITPOU3BOJACTBO

A 1ncrTpacxk 1 [logoOpyBamero Ha OAPKIMBOCTA HAa MPOM3BOAMTE M3TIIEA KAKO MOCTOjaHa OWTKA MOMeEry
MIPOM3BOJHNTE KOMIIAHMU M OMIITECTBOTO, CO I Jja Ce 3a4yBa XXKMBOTHATa CPeIUHA 3a WAHUTE reHepanuy. Hosu
MOXKHOCTH C€ Ha XOPU30HTOT CO aJJUTHBHHUTE IMPOU3BOACTBEHH TEeXHONOTHHU. [IpON3BOJACTBOTO Ha aJUTHBH, IIO3HATO
kako 3D meuareme, ondaka pasIMIHY pouecy mox exHo ume. Cekoj o1 0BHE MPOLIECH € YHHKATeH, HO CUTE THE Ce
6a3upaaT Ha MCTHUOT MPUHIIMII 33 IPaJeHhe CJI0j MO CJI0j Ha MPOU3BOJOT. Pa3HOBHAHOCTA HA OBHE MPOLIECH MOXE Jia
u3riena Kako MpeAN3BHK, HO OJ Apyra CTpaHa, Taa JiaBa IIMPOK CIIEKTap Ha MOXHOCTH 3a PasjiM4Ha MPHMEHa BO
JIM3aJHUPAbETO U MPOU3BOACTBOTO Ha MPOU3BOIH. KOMIaHUHTE BO CBETOT BEKE I'M KOPUCTAT OBUE NPHIOOHBKY U TH
pean3ajHupaar CBOMTE NPOM3BOAM. BO OBOj Tpyd cakaMe Aa MOKaKeMe JeKa JAWU3ajHOT MOXKE Jia HalpaBH OTPOMHO
BiMjanue. Toa MOKeMe Jia TO TIOCTUTHEME CO KOPHCTEHhE Ha ajlaTKM 3a ONTHMH3allKja Ha TOIIOJIOTHja i IPOU3BOJCTBO
Ha aJUTHBHM CO IeJ Ja CO3JaJeMe JICCHH AeNoBH. Hue ru kopucrtuMme ONTUMHU3alMjaTa Ha TOMOJIOTHjaTa 3a Jia
IOCTHTHEME HajI00po pellIeHne 3a AN3ajHOT Ha JIEOT U MPOU3BOJICTBOTO HA aANTUBH 32 Jia TO IIPOU3BEIEME.

Kiyunu 360poBH: 0/1p)KIIMBOCT, IPOU3BOACTBO Ha aJUTHBH, TIPOLIEC HA AN3ajH, JIECHH JIJIOBH

1. AIMS material used for the product, the production pro-
cess, distribution and end of life. Having in mind all

The overall situation with the pollution super- those elements can be off-putting when designing.

imposes need for intense regulations in every aspect Optimistic thing for the engineers and design-
of our living. Consequently, that implies to the man- ers is the development of the technology. New tech-
ufacturing sector. The engineers and designers must nologies such as additive manufacturing give them
have the sustainability aspects in mind when design- freedom of form that no other technology can offer.

ing a new product. These aspects take account of the Additive manufacturing (AM) can help engineers
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and designers in the design process, allowing them
to create complex geometries. The freedom of forms
that AM technologies enable is also of great signif-
icance for the topology optimization. With that in
mind creating optimized lightweight parts with
complex geometries, it is not a problem anymore.
On the other hand, there are numerous benefits of
the lightweight parts: use of less material, weight re-
duction, shorter time for production, fuel efficiency
and less carbon footprint (in transportation sys-
tems).

In this paper, we will focus on the lightweight
parts because as mention above they play important
role in the sustainability process. Redesigning the
parts in order to make them lightweight does not
necessarily mean that they cannot withstand pres-
sure or perform heavy-duty applications. Parts are
optimized in order to maintain their application, but
with the use of less material. Lightweight parts are
created after analysis for load and weight distribu-
tion using topology optimization.

The aim of this paper is to prove that with less
material more effect can be achieved.

2. BACKGROUND

Additive manufacturing

Additive manufacturing is a general term that
is used for a group of process where parts are cre-
ated layer by layer, which means by adding mate-
rial. This is completely opposite to the subtractive
process in which parts are created by removing ma-
terial. The manner in which parts are created is the
reason why these processes have so many ad-
vantages in comparison to the subtractive processes

[1].

Topology optimization

Topology optimization is a computational ap-
proach for optimizing the distribution of material in
a given design domain, such that a certain objective
is minimized subject to design and response con-
straints [2]. In the Topology optimization mono-
graph [3] extensive reviews of different formula-
tions and implementation techniques are presented.
Even though topology optimization was intended
initially for optimizing load-bearing structures, it is
currently applied in various engineering and science
fields, like buildings, aircraft, automotive, acous-
tics, photonics, fluid motion, heat transfer and med-
icine, among others [2]. The vast application

possibilities of the topology optimization are the
reasons that this principle is considered for further
analysis in this paper.

Topology optimization and additive
manufacturing overview

Topology optimization is not a new approach
in the product design. The advancements in the AM
technologies are the reason that topology optimiza-
tion has become popular again. Marchesi and col-
leagues [4], propose using topology optimization
with AM to produce diesel engine support. Brackett
and colleagues [5] propose a method to eliminate
the need for support material all-together by taking
advantage of the maximum printable overhang an-
gle, which requires no support. Mass and Amir [2]
work on similar problematic, creating overhangs
with no support material, using virtual skeleton.
Saadlaoui and colleagues [6] in their study test and
compare the validity of three engineering ap-
proaches from the topology optimization computa-
tions to the SLM manufacturing.

Of particular concern for this paper are studies
that use topology optimization for weight reduction,
e.g. creating lightweight parts. The number of such
studies is not for underestimation and some of them
are mentioned in the following text. Gardan and
Schneider [7] optimize the volume of material to be
used and the global mass. They propose a method-
ology to minimize the inner material. The method-
ology for weight gain is tested in more than ten parts
with different AM process: FDM, SLS and SLA.
Salonitis and Al Zarban [8] examine the principles
of additive manufacturing, design guidelines, capa-
bilities of the manufacturing processes and struc-
tural optimization using topology optimization.
They propose a redesign methodology, which they
explain through a redesign case study of an existing
bracket. Nimbalkar and colleagues [9] compared the
production of an aircraft ventilation assembly
produced via FDM (0.040 kg) and injection mold-
ing (0.043 kg) as well as a topologically optimized
aerospace bracket manufactured by EBM (0.38 kg)
and conventional machining (1.09 kg). The main
benefits shown in both case studies are achieved
during the use phase (15 million miles in a short-
haul aircraft and 19 million miles in a long-haul air-
craft, respectively) of the lightweight components.
The total energy savings are quantified to be around
233 MJ/part and 70 GJ/part, respectively. Reiher
and Koch [10] used topology optimization for
weight and waste reduction in the design of link

Mech. Eng. Sci. J., 36 (2), 155-159 (2018)
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lever. The waste reduction of the optimize link lever
is of factor 15 while the weight is reduced by 36%.
They also presented example of part created within
the project “COMPOLIGHT” where weight reduc-
tion was from 20 kg to 1 kg and a pressure loss re-
duction by factor four. European Aeronautic De-
fense and Space Company (EADS), owner of Air-
bus is conducting studies of the effect of weight re-
duction on their planes. The process that is used is
Direct Metal Laser Sintering (DMLS). In their
study, they redesigned the hinge for jet-engine
cover. The result of the study is that the optimized
part (Figure 1) weighs half as much the initial part
[11].

Fig. 1. Airbus A320 Nacelle Hinge Bracket (back)
and the Optimized Design (front). Courtesy of EADS
and ALTAIR [7]

Additionally, lightweight parts when used as
part in complex systems such as aircraft despite in-
crease of fuel efficiency but also reduce carbon
emissions. This has been topic for several studies
who have defined the carbon footprint reduction of
additive manufacturing technologies [12]. In one of
their studies, EADS compared cast steel nacelle
hinge brackets produced with rapid investment cast-
ing and optimized design of the titanium nacelle
hinge bracket produced with DMLS. In the compar-
ison, following aspects were considered: energy
consumption for the life cycle of the bracket, includ-
ing raw material manufacture, the production pro-
cess and the end-of-life phase [13]. Their study
shows that it is possible to cut material consumption
by 75% and CO, emission by 40% [14].

3. EXPERIMENTAL

From the literature review presented in section
2 it is evident, that topology optimization is mostly
used for metal parts. That makes sense because the
weight reduction are more evident there and at the
same time cost for the material is lower.

Mawi. unore. nayu. ciiuc., 36 (2). 155 -159 (2018)

We wanted to try something different, to create
part with ABS. The ABS part is intended to be pro-
duce on fused deposition modeling (FDM). The rea-
son that we chose FDM as a process and ABS as
material is that now they are increasing in number
of users. This can be backed up by the information
provided by Wohlers Report from 2016 [15], where
it is stated that the number of sold personal FDM
machines (under 5000 UDS) is 278,385 units. As
comparison in the same year, the number of sold
industrial AM machines is 12,558 units. Most users
do not have engineering education, so the parts that
they print are with basic design focusing on the
functionality. Something that is popular in the com-
munity of FDM printing is robotic arm. This is why
for the experiment we choose to optimize robotic
arm, actually one part of it, the gripper (Figure 2).

g i
o o e

Fig. 2. Part of the robotic arm, the gripper that is subject
to topological optimization

For the finite elements (FE) analysis, the cylin-
drical holes were chosen as pin constraints. The
force was applied to the rectangular area that comes
in contact with the object that is picking up. The area
around the holes is defined as design restriction
(Figure 3), which means that in that area no changes
of the topology are permitted.

Fig. 3. Position of the design constraints

4. RESULTS AND DISCUSSION

The result of the FE analysis is shown in Fig-
ure 4. The dark areas are where there is most stress.
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The light area means that there is no stress and there
is more than needed material.

Fig. 4. Result of the FE analysis

The optimized part has less material than the
initial part (Figure 5), actually half of it. The mass
of the initial part was 38 g, and of the optimized part
is 19 g. The optimized part has also filleted edges,
which is important for better stress distribution.

Fig. 5. Optimized gripper

One thing has to be mention in the analysis and
that is that generic ABS was used. The FDM process
uses ABS, which may differ from the generic in
some characteristics. The main reason for this was
for the initial and optimized part to be from the same
material. This way it is clear that the weight reduc-
tion is result only of the topology optimization and
it cannot be accounted for the material. With this
example, everything previously stated is confirmed.

5. CONCLUSION

It can be concluded that AM’s main advantage,
freedom of form can be used for creating not only
pleasing to eye parts, but more importantly sustain-
able. One approach of using AM’s advantages,
which was presented in this paper, is by topology
optimization. With the topology optimization, light-
weight parts are created. Primary benefit of the
lightweight parts is use of less material and shorter

production time, so that means less electrical en-
ergy. Secondary benefit of the lightweight parts is
evident by their use in bigger systems. For example,
airplanes that weight less use less fuel and emit less
carbon footprint.

In addition to this is the constant research in
the field of materials used in AM. By creating new
composite materials or metamaterials, new opportu-
nities arise for creating lightweight parts.
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Abstract The Organic Rankine Cycle (ORC) is becoming a popular choice for the exploitation of limited
heat sources, where air and water cycles fail to provide satisfactory results. This paper gives a theoretical overview of
the organic rankine cycle and lists a number of its uses, highlighting its application in geothermal reservoirs, most
commonly providing geothermal fluids in the liquid state. The advantages and disadvantages of this cycle are analyzed,
followed by the criteria for fluid selection. Furthermore, a method for calculating the cycle efficiency of a specific
geothermal ORC plant is presented, as well as an analysis of the impact that the condensation temperature and choice
of working fluid have on the cycle efficiency

Key words: Organic Rankine Cycle; condensation temperature; efficiency

BJIMJAHUE HA TEMIIEPATYPATA HA KOHAEH3AIINJA 1 KAPAKTEPUCTUKUTE HA
PABOTHUOT ®JYU/ BP3 EOUKACHOCTA HA OPTAHCKHNOT PAHKMHOB IUKJIYC

A mecTpax T Opranckuor PankuHoB mukiyc (OPLI) cranyBa momynapeH m300p BO eKcIDIoaTaiijata Ha
OrpaHHYEHU U3BOPH Ha TOTUIMHA, KaJie ITO BO3AYLIHUTE M BOJHUTE LIUKIIYCH HE MOXKAT Jia 06e30eaaT 3a10BOJIUTEITHH
pesynraru. OBoj Tpy[ AaBa TEOPETCKH IIPEre/l Ha OPraHCKHOT PaHKHHOB IIMKITYC U TH HaOpOjyBa HETOBUTE MIPHUMEHH,
MMOTEHIMPAjKM ja HEroBara NMPHMEHa BO TEOTEPMAJIHUTE PE3epBOApPH KOM HAjUECTO pacrojaraaT co Ire0TepMallHU
Gbuynan Bo TeuHa coctojOa. AHaIM3MpaHM Ce NMPEJHOCTUTE M HEAOCTATOLUTE Ha OBOj LUKIYC, MPOCIEICHH CO
KpUTepHyMHTE 3a U300p Ha paboreH Quynn. JONONMHUTENHO € IPEeTCTaBeH METO/ 3a IPecMeTKa Ha KOe(UIMEHTOT Ha
TOJIE3HO J€jCTBO Ha IMKIYCOT 3a ompeneneHa reorepmanna OPLI-nocrpojka, Kako M aHanu3a Ha BIMjaHHETO KO

TeMIlepaTypaTta Ha KOHIeH3aluja 1 1300poT Ha paboTeH (uynza ro nmaar Bp3 eukacHOCTa Ha IUKIYCOT.

Knyunu 360poBu: oprancku PaHKHHOB ITUKITyC; TeMIepaTypa Ha KOHIEH3anuja; eukacHOCT

1. INTRODUCTION

While most of today’s power generation is
based on air and water cycles, there is an abundance
of heat sources that cannot be exploited using these
conventional cycles due to their low thermal power.
In these cases, the Organic Rankine Cycle (ORC) is
a more attractive alternative on account of its use of
an organic working fluid, characterized by a lower
boiling point and higher molecular mass than water.

These qualities make the organic Rankine cy-
cle a technically and economically viable solution
and allow it to take advantage of limited heat
sources with low to medium temperatures, such as
liquid dominated geothermal reservoirs.

Geothermal heat sources are especially con-
venient for ORC applications, since they are ex-
tremely reliable and available. Unlike solar or wind
power plants, geothermal plants do not depend on
any weather conditions, apart from the condensation
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temperature which changes according to the sea-
sons.

2. THEORETICAL BASIS
OF THE ORGANIC RANKINE CYCLE

The organic Rankine cycle is a thermodynamic
cycle used to convert heat into mechanical work,
whose working principle is based on the con-
ventional Rankine cycle.

As seen on Figure 1, heat is introduced through
heat exchangers, where the working fluid is vapor-
ized and possibly superheated. Then, the fluid is fed
into an expander, where part of its thermal energy is
converted into mechanical. The power output of the
expander depends on the amount of heat what was
successfully converted, i.e. the fluid’s enthalpy
drop.
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Fig. 1. Layout of an ORC plant

Following the fluid’s phase change in the ex-
pander, it is condensed in a condenser and then
pumped. However, it is sometimes attractive to in-
stall a regenerative heater between the expander and
the condenser in order to increase the cycle’s effi-
ciency.

Traditional Rankine cycles use water as the
working fluid of choice. However, in the exploita-
tion of limited heat sources, where sometimes the
temperature is not high enough to even vaporize the
water, there is a need for an alternative choice of
working fluid.

The organic Rankine cycle replaces water with
an organic fluid, with a much lower boiling point
and a higher molecular mass than water. These
qualities are crucial to harnessing the heat from low
temperature sources. Therefore, the essential dis-
tinction between the traditional and the organic
Rankine cycle is the working fluid in question.

3. COMMON APPLICATIONS
OF THE ORGANIC RANKINE CYCLE

ORC technology is quite versatile and has a
wide range of applications in heat sources with low
to medium temperatures. As of December 31%,
2016, it is estimated that ORC technology makes up
for a total of 2.7 GW of the world’s installed capac-
ity, accounted for by 1754 ORC units [1].

ORC power generation has the largest poten-
tial in three sectors. The electricity and heat genera-
tion sector produces a significant amount of waste
heat that can be utilized with an ORC unit. Further-
more, the industrial and transportation sectors have
considerably high energy consumption levels; how-
ever the former has lower levels of waste heat than
the latter [2].

3.1. Waste heat recovery

The organic Rankine cycle offers a solution for
low-grade waste heat recovery in different kinds of
industrial or production processes. Sources of waste
heat are diverse — exhaust gases from furnaces,
turbines and engines, inter-cooling of compressors
and power plant condensers. Utilizing waste heat is
becoming a trend due to the environmental benefits,
as well as the possibility of reducing fossil fuel
consumption [3].

3.2. Solar thermal power

In terms of solar energy, ORC technology
mainly focuses on concentrated solar power (CSP).
Most of the installed CSP systems use steam cycles
to generate power. However, steam cycles require
high temperatures and are therefore inadequate for
small scale and domestic units. Replacing the steam
cycle with an organic cycle eliminates this problem
and shows a much higher performance.

Although photovoltaic collectors are the main
competitor for solar ORC units regarding power
generation, solar ORCs have the possibility to pro-
duce hot water as well as power [4].

3.3. Biomass CHP plants

ORC technology offers several advantages for
biomass plants. Using water as a working fluid war-
rants high pressures in the plant’s boiler. However,
replacing the water cycle with an organic Rankine
cycle eliminates the need for such high pressures
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and therefore, the investment cost for the boiler is
significantly reduced.

Additionally, ORC biomass plants have low
maintenance costs and longer life service [5].

It is important to note that an intermediate ther-
mal oil cycle which transfers the heat released dur-
ing the biomass combustion to a closed organic cy-
cle is common in biomass ORC plants.

3.4. Geothermal power plants

Geothermal power plants produce 73% of the
electricity generated with ORC technologies. Geo-
thermal energy sources are characterized by their di-
versity and their reliability for electricity genera-
tion. When the geothermal field in question is vapor
dominated, then it is practical to use a direct cycle.
However, liquid dominated fields are much more
common, so binary cycles, and ORC specifically,
are predominant in generating electricity from these
sources [6].

Since every geothermal reservoir has different
chemical and thermal conditions, geothermal fluids
are not uniform. Consequentially, to ensure the
plant’s stable operation, thorough analysis of the ge-
othermal reservoir must be performed. This results
in a diverse range of ORC plants, using different
pressures, temperatures, equipment and working
fluids to maximize the plant’s efficiency.

4. ADVANTAGES AND DISADVANTAGES
OF THE ORGANIC RANKINE CYCLE

The organic Rankine cycle is a binary cycle,
which means that fluids from the heat source do not
come in direct contact with the plant’s equipment,
such as the expander, condenser and pump, lower-
ing the risks of corrosion.

However, the main advantage of ORC technol-
ogy comes from the utilization of an organic work-
ing fluid which has three main qualities:

1) low boiling point;

2) high molecular mass;

3) ‘leaning’ saturation curve, as depicted in
Figure 2.

Evaporating at lower temperatures than water
allows for use in low to medium temperature
sources, while high molecular mass ensures lower
enthalpy drops, thus simplifying the design of the
expander. Furthermore, the shape of the organic
fluid’s saturation curve makes possible for the ex-
pansion to occur in dry conditions, decreasing the

Maw. unore. nayu. ciiue, 36 (2), 161-167 (2018)

possibility of corrosion in the expander and allow-
ing for a cycle without superheater [7].
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Fig. 2. Saturation curves of different working fluids

Compared to classic air or water cycles, the
organic Rankine cycle performs much better in
limited heat sources. Air or gas cycles have negative
efficiency in sources with temperature lower than
250°C, while at 450°C the cycle efficiency barely
reaches 8%. Water cycles make up for some of the
air cycle’s shortcomings, however, the application
of a water cycle calls for a steam turbine with mul-
tiple stages, complex plant design and wet expan-
sion, which increases the costs of the plant [8]. For
these reasons, water cycles are inadequate for appli-
cation in low temperature sources.

While the organic Rankine cycle provides a
viable solution for the exploitation of geothermal
sources, there are some disadvantages that must be
taken into consideration, such as high investment
costs for the plant, especially in applications in ge-
othermal reservoirs.

Every geothermal reservoir has different prop-
erties, such as thermo-physical and chemical quali-
ties of the geothermal fluid and availability and
quantity of the fluid. Detailed examinations of the
reservoir must be performed in order to obtain cru-
cial information needed to evaluate whether and in
what way the heat source can be exploited. Thanks
to the non-uniform nature of geothermal reservoirs,
each reservoir requires different ORC design, from
the duration of the plant’s operation to the selection
of working fluid and cycle parameters. Due to these
circumstances, it can be concluded that ORC plants
have high investment costs.

Moreover, the organic working fluids are often
flammable or toxic and consequentially the costs are
even further increased due to the need for additional
safety equipment.

The fluids’ high molecular mass results in rel-
atively high electricity consumption of the pump,
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while the characteristically large amount of heat dis-
posed of through the condenser demands additional
electricity consumption for the ventilators used for
cooling. These two factors significantly impact the
cycle efficiency.

5. WORKING FLUID SELECTION

The type of working fluid selected for the
given plant impacts the complete thermodynamical
cycle, cycle efficiency, cost of the equipment, safety
measures, etc. Since the choice of working fluid
plays an important role in the plant design, there are
a number of important criteria that should be ful-
filled.

Starting from the thermo-physical properties
of the fluid, lower critical pressures are preferred.
Thermal stability in the given temperature range is
another important aspect, since organic fluids are
more prone to chemical decomposition at higher
temperatures of the heat source. Good heat transfer
of the working fluid decreases the surfaces of the
heat exchangers, therefore reducing the cost. More-
over, to minimize the power consumption of the
pump, fluids with lower viscosity should be used.

Working fluids with boiling temperatures be-
tween 0°C and 100°C and critical temperatures
lower than 200°C are easier to handle than others.
The critical temperature also plays an important role
in the enthalpy drop in the expander. To ensure
higher power output of the cycle, higher enthalpy
drops are required.

Additionally, the working fluid should have an
isentropic or positive saturation curve. Fluids with
negative saturation curves have ‘wet’ expansions,
leading to the formation of droplets at the end of the
expansion [9]. Figure 3 shows three different types
of saturation curves.
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Fig. 3. T-s diagrams of fluids with different saturation curves:
a) wet, b) isentropic and c) dry

To avoid the implementation of added safety
measures, the fluid of choice should be non-flam-
mable and non-toxic. Although it is possible to
operate with flammable and toxic fluids, it is not

recommended since it further increases the cost of
the plant.

Lastly, to determine whether the fluid is envi-
ronmentally acceptable, two indices are used.
Global Warming Potential (GWP) is an index that
shows the relationship between the amount of heat
retained due to a certain amount of the fluid in ques-
tion and the heat retained due to the same amount of
carbon dioxide. On the other hand, Ozone Depletion
Potential (ODP) is an index that shows the relation-
ship between the global loss of ozone due to differ-
ent substances and the global loss of ozone due to
the specific working fluid in question.

A number of working fluid types are available
for use in ORC plants: CFC, HCFC, HFC, FC, HC
and HFO. From a technical point of view, all of
these groups are acceptable. However, CFCs and
HCFCs are banned due to their high ODP, while
HFCs are phased out due their GWP [10].

6. CYCLE EFFICIENCY

An ORC plant utilizing heat from a geothermal
source is examined. It is determined that the heat in-
put is 26,145.7 kW.

All calculations are done with the help of En-
gineering Equation Software (EES) developed by F-
Chart Software. This software contains thermody-
namical data for a variety of fluids, including the or-
ganic fluids used in ORC technology.

The organic working fluids considered for this
plant are R227ea, R134a and R152a.

Figure 4 shows the organic Rankine cycle in a
T-s diagram. The fluid enters the heat exchangers
after it has been pumped to 28 bar (3-4). The fluid
accepts the heat from the geothermal fluid (4-5-6-1)
and is superheated to 105°C with a given 3 bar pres-
sure drop through the heat exchangers. The cycle ef-
ficiency is compared with and without the use of a
regenerative heater before the heat exchangers.

The expansion (1-2) occurs in dry conditions.
The power output depends on the condensation tem-
perature. Lower condensation temperature entails
greater expansion, and with that, higher cycle effi-
ciency.

Part of the condensation is done with a regen-
erative heater (2-7), while the rest of it happens in a
condenser (7-3), as shown in Figure 4. Introducing
a regenerative heater lowers the amount of heat re-
jected through the condenser, thus decreasing the
fan consumption for the condenser’s air cooling.
Additionally, regenerative heating is provided (8-4).

Mech. Eng. Sci. J., 36 (2), 161-167 (2018)



Influence of condensation temperature and fluid properties on the organic Rankine cycle efficiency 165

Equation (1) gives the fluid’s enthalpy after exiting
the regenerator.

g —lg =1~y (1)

7(°C)

—2s)

s (kJ/kg-K)
Fig. 4. ORC in T-s diagram

Given a condensation temperature of 35°C, the
fluid’s enthalpy difference at the entrance and exit
of the heat exchangers can be calculated. The fluid’s
mass flow can be determined using Equation (2),
where Q represents the heat transferred from the ge-
othermal fluid and m is the mass flow.

kg/s 2)

To calculate the amount of heat converted into
mechanical work in the expander, it is necessary to
determine the fluid’s enthalpy drop (i1—i2) as seen in
Equation (3), where 7ex = 85% is the expander effi-
ciency [11], and (i1—iys) represents isentropic expan-
sion.

M = G—ig)

ip = Iy = Nex (i3 — i25) 3)
Equation (4) shows that multiplying the en-

thalpy drop with the fluid’s mass flow will result in
the expander’s work.

Wex = mg (i — i) kW (4)

However, after this work is converted into
electricity, a significant amount of it is used to
power the pump and the air-cooled condenser’s
fans. In order to calculate the cycle’s efficiency,
these two consumptions must be determined.

The pump’s work is calculated through Equa-
tion (5), where the pump’s efficiency is #,=70%
[12], while v represents the fluid’s specific volume
following the condensation.

_ (P4—P3)V
W, = my SR kW (5)
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For the calculation of the fan consumption, it
is established that for every kilowatt of rejected
heat, the fans require 8 W of electric energy. Heat
rejected through the condenser Q. and the power
consumption of the fans Wacc can be calculated
with Equation (6) and Equation (7) respectively.

Qc = mf(i7 —i3) kW (6)
8:Qc
Wace = 1—(?3 kw ()

Finally, the efficiency of the organic Rankine
cycle can be calculated using Equation (8).

nORC — Wex_(Wg+WACC) . 100 % (8)

7. EFFECT OF THE CONDENSATION
TEMPERATURE ON THE CYCLE
EFFICIENCY

The cycle’s efficiency largely depends on the
condensation temperature, since it determines the
enthalpy drop, i.e. the amount of successfully con-
verted heat. Therefore, lower temperatures result in
higher efficiency, whereas higher temperatures
lower the efficiency. Furthermore, the condensation
temperature, i.e. condensation pressure, affects the
pump’s work, which in turn impacts the efficiency.

This can be clearly seen in Table 1, where dif-
ferent condensation temperatures (T¢) between 20°C
and 40°C are given and the efficiency of the cycle
is accordingly calculated. It is evident that with
lower condensation temperatures, the cycle displays
higher efficiency.

Table 1
R227ea cycle efficiency for different condensation
temperatures

Te Wex Whp Wacc 7JORC
'C kw kw kw %
20 3436 399.6 231.1 10.73
22 3359 4035 231.9 10.42
24 3283 407.3 232.7 10.11
26 3206 4111 2335 9.79
28 3130 4148 234.4 9.48
30 3053 418.4 235.1 9.17
32 2976 421.9 235.9 8.86
34 2898 4253 236.7 8.55
36 2821 4285 2375 8.24
38 2743 4315 238.3 7.92
40 2665 434.4 239.2 7.61
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The same type of analysis is done again, taking
into consideration the use of a regenerative heater,
which increases the cycle efficiency due to the pro-
vided regenerative heating and lower power con-
sumption of the condenser’s air cooling. The results
are presented in Table 2.

Table 2

R227ea cycle efficiency for different condensation
temperatures with use of a regenerator

Te Wex Wp Wacc 7JORC-R
°C kw kw kw %
20 3436 399.6 231.1 13.29
22 3359 403.5 2319 129
24 3283 407.3 232.7 12,51
26 3206 411.1 2335 12.12
28 3130 414.8 234.4 11.73
30 3053 418.4 235.1 11.34
32 2976 421.9 235.9 10.95
34 2898 425.3 236.7 10.55
36 2821 428.5 2375 10.16
38 2743 4315 238.3 9.76
40 2665 434.4 239.2 9.37

It is evident from these results that for the
given working conditions (pressure at the beginning
of the cycle, temperature differences in the heat ex-
changers) the fluid R152a has the highest perfor-
mance. In the case where the cycle includes regen-
erative heating, R227ea’s cycle efficiency is signif-
icantly higher. Adding a regenerator improves the
cycle efficiency in all three cases. However, the
condensation temperature still impacts the effi-
ciency, generally decreasing it for as much as 4%.

The same type of analysis is done for the re-
maining two working fluids — R134a and R152a.
The results of this analysis are shown in Tables 3, 4,
5and 6.

Table 4

R134a cycle efficiency for different condensation
temperatures with use of a regenerator

Te Wex Wp Wacc 7JORC-R
‘C kW kw kw %
20 3696 3246 2217 12.02
22 3594 3258 2288 11.62
24 3491 3269 22938 11.22
26 3388 3277 2309 10.82
28 3283 3283 2319 10.42
30 3178 328.6 233 10.01
32 3072 328.6 234 9.59
34 2964 3282 2351 9.18
36 2856 3275 2362 8.76
38 2746 3264 2373 8.34
40 2635 3248 2384 7.92
Table 5
R152a cycle efficiency for different condensation
temperatures

Te Wex Wp Wacc 1JORC
‘C kw kW kW %
20 3531 269.5 2288 11.6
22 3434 269.9 22938 11.22
24 3337 2701 2308 10.85
26 3239 2702 2318 10.47
28 3141 270 232.8 10.09
30 3042 269.6 2337 9.7
32 2942 269 234.7 9.32
34 2842 268.2 2357 8.94
36 2741 267 236.7 8.55
38 2640 265.6  237.7 8.17
40 2538 263.8 2387 7.78

Table 6

R152a cycle efficiency for different condensation
temperatures with use of a regenerator

Te Wex Wp Wacc 1JORC-R
°C kw kw kW %
20 3743 285.6 226.9 12.35
22 3648 286.7 227.8 11.99
24 3553 287.6 228.8 11.61
26 3457 288.4 229.8 11.24
28 3360 288.9 230.7 10.86
30 3263 289.2 231.7 10.49
32 3164 289.3 232.7 10.11
34 3065 289.2 233.7 9.72
36 2964 288.7 234.7 9.33
38 2863 288 235.7 8.94
40 2760 286.9 236.7 8.55

Table 3
R134a cycle efficiency for different condensation
temperatures

Te Wex Wp Woacc 1ORC
‘C kw kw kw %

20 3235 284.1 232 10.4
22 3137 2845 2329 10.02
24 3040 2847 2339 9.64
26 2942 2846 2349 9.26
28 2843 2843 2359 8.88
30 2744 2837 2369 8.5

32 2644 2829 2378 8.12
34 2544 2817 2388 7.73
36 2443 280.1 23938 7.35
38 2341 2782 2408 6.96
40 2238 2759 2418 6.57

The results of this analysis are presented
graphically in Figure 5 for all three fluids in a cycle
with and without a regenerator.
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ORC Efficiency (%)

b 2 p- 1 30 2 3
Condensation Temperature (°C)

——R2% =0 R27a with regenerator  =d=R134a R134a with regenerator =X~ R152a R152a with regenerator

Fig. 5. Cycle efficiency for different condensation
temperatures with and without regenerative heating

8. CONCLUSION

The organic Rankine cycle employs organic
working fluids, whose properties allow for the cycle
to exploit low to medium heat sources with much
higher performances than the traditional air or water
cycles. Geothermal power plants represent the larg-
est portion of ORC applications.

However, due to the organic fluid’s physical
properties, the pump and air cooled condenser’s
fans consume a large amount of the generated elec-
tricity, thus significantly lowering the cycle’s effi-
ciency. To maximize the cycle’s efficiency, a fluid
selection process must be conducted for each geo-
thermal source separately. For the heat source at
hand, under the given work conditions the highest
efficiency is achieved with the fluid R227ea.

Aside from the working fluid, this analysis
concludes that the cycle performance also depends
on the condensation temperature. Higher tempera-
tures reduce the enthalpy drop in the expansion pro-
cess and, therefore, the cycle efficiency is lowered.
Additionally, the condensation temperature affects

Maw. unore. nayu. ciiue, 36 (2), 161-167 (2018)

the efficiency through the pump and ACC fan con-
sumption.
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Abstract: Asfossil fuels dominate the world primary energy supply and will do it at least for the next few
decades, further improvement of the fossil-fueled power plants is needed due to many reasons, including the environ-
mental impact and economic operation. The thermal power plants operation is commonly evaluated on a basis of the
energy analysis, combustion efficiency and the level of harmful emissions generated. Often, the real useful energy loss
cannot be completely justified only by the first law of thermodynamics, since it does not differentiate between the
quality and amount of energy. The aim of this work is to present a methodology for analyzing opportunities for im-
proving the efficiency of fossil fuelled steam generators, based on integration of zone thermal calculation method and
exergy method, while studying the impact of such measures on the emission of nitrogen oxides. The work deals with
an analysis of the energy and environmental performances of a coal-fired steam generator, which is a part of a 315
MWe power generation unit. The steam generator is designed for operation on low grade coal — lignite with net calorific
value in a range 6280-9211 kJ/kg, in a steam cycle at 545 °C/177.4 bar, with feed water temperature 251 °C. The
combustion air is preheated to 272 °C in two rotating air-heaters and the flue gases mean temperature at the outlet is
160 °C. Since the largest exergy dissipation and losses in the thermal power plant cycle occur in the steam generator,
energy and exergy balances of the furnace and heat exchanging surfaces are established in order to identify the main
sources of inefficiency. The zone calculation method is used for determination of temperature profiles and heat distri-
bution along the boiler gas path. An engineering method that considers the most influential parameters is used for
estimation of the NOx emission. On a basis of the conducted analysis several opportunities for improvement are envis-
aged, including recirculation of flue gases, retrofitting option of lignite pre-drying with flue gases and air preheating
with dryer exhaust gases.

Key words: thermal power plant; steam generator; exergy; energy efficiency; combustion; NOx

OIIIUU 3A PA3BOJ HA EOUKACHOCTA U 3A HAMAJIYBAIBE HA EMUCHUJATA HA NOx
OJATEHEPATOP HA ITAPEA HITO PABOTH HA JATJIEH

Amncrpaxkrt: Coornen Ha Toa ITO (OCHITHATE TOPUBA JOMUHHPAAT BO CBETOT Ha CHAOIyBamkeTO CO MpUMapHa
€Hepruja, a Toa ke Tpae 6apeM ylITe HEKOJIKY ACIECHUH, MOTPEOHO € HATAMOIIHO MO00pYBamke Ha eIEKTPAHUTE Ha
(bocuiiHN TopHBa MOPaAd MHOTY NPUYMHH, BKIY4yBajKi I'M BJIMjaHHETO BP3 JKUBOTHATA CPEJMHA U EKOHOMCKOTO
paboreme. Paborarta Ha TEPMOLCHTpANUTE € MPOLEHETa BP3 OCHOBA Ha CHepreTckara aHaium3a, eukacHOCTa Ha
COropyBame 1 HUBOTO Ha '€HEPHPaHH LITETHH eMHUCHH. BHcTHHCKaTa 3ary0a Ha KOPHCHATa EHEpruja 4ecTo He MOXKe
LIEJIOCHO JIa Ce OIpaBJa caMoO CO MPBHOT 3aKOH 32 TEPMOJIMHAMHKATA. ICTpaKyBambeTo ce 3aHMMaBa CO aHalu3a Ha
EHEPreTCKUTE U SKOJIOMIKUTE TIep(opMaHCH Ha TeHepaTopoT Ha mapea Ha jariieH, koj e aen ox 315 MWe enununa 3a
NPOU3BOJICTBO Ha eJICKTPUYHA eHepruja. [ eHepaTopoT Ha mapea e Ju3ajHUpaH 3a padoTa Ha jarjieH — JJUTHUT CO HU30K
CTeIeH Ha KBAIUTET CO HETO-KAIOPUCKa BpeaHocT Bo omcer 6280-9211 kl/kg, Bo nukityc Ha napea Ha 545 °C / 177,4
Gapu, co u3ne3Ha Temmneparypa Ha Boga o 251 °C. Bo3myxor 3a coropyBame ce 3arpesa Ha 272°C Bo 1Ba pOTHPAUKH
BO3/IYLIHH Ipejadyl v MpoceYHaTa TeMIeparypa Ha usne3nure racos ¢ 160 °C. HajrojaemMoTo Tpoleme Ha eKceprujara
U 3ary0MTe BO IMKIYCOT BO TEPMOLICHTpajaTa Ce CIydyBaaT BO T€HEpaTOpOT Ha mapea, MpH IITO EHEPreTCKUTE U
EKCEPreTCKUTE PAMHOTEKU Ha MEYKUTE M MOBPIIMHUTE HA TOIUIMHOW3MEHYBAUHTE CE BOCIIOCTABYBaaT CO IIEN Ja ce
uIeHTU(UKYBaaT rIIaBHATE U3BOPU Ha HeedukacHOCT. Bp3 0CHOBa Ha ClIpOBe/ICHATa aHANI3a CE IPE/ABHICHN HEKOJIKY
MOXKHOCTH 3a HOAOOpYyBame, BKIYYHTEIHO M PELUPKYJalyja Ha OTHAJIHMTE I'ACOBH, JONOJHHUTEIHA MOXKHOCT 3a
[pECyIIyBambe Ha IMTHUTOT CO AUMHHM FACOBH M 3arpeBam-e Ha BO3/LyXOT CO M3yBHM FaCOBH HA CYIIMIIHULIATA.

Knyunu 360poBu: TepMOLICHTapIIa; TeHEPAaTOp Ha Iapea; eKCepruja; eHeprercka edukacHoct; coropysame; NOx
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1. INTRODUCTION

The energy needs in the world rely heavily on
fossil fuels, since the majority of the power genera-
tion is met by coal, natural gas and oil. Even though
renewable energy sources are being rapidly devel-
oped, their cost and current technology state have
not advanced to a stage where they can significantly
reduce the global dependence on fossil fuels. There-
fore, it is important that fossil fuel plants, and coal-
fired ones in particular, improve the efficiency and
reduce their environmental impact. The energy con-
version in the thermal power plants is a thermody-
namic process, which can be improved by energy
analysis that enables identification of energy effi-
cient measures required to be addressed, which fur-
ther leads to plant energy efficiency enhancement,
lower cost of electricity and lower emission to the
environment. The conventional methods of energy
analysis based on the first law of thermodynamics
focus on conservation of energy. Taking into ac-
count the limitations with this approach, achieving
higher efficiency warrants additional analysis based
on the second law of thermodynamics, which in-
cludes analysis of the exergy efficiency. The term
"exergy" was coined in 1956 by Zoran Rant by us-
ing the Greek words ex and ergon meaning "from
work" [1, 2], although the concept has existed since
Gibbs (‘available energy of the body and medium',
1873) [3].

The exergy of a system defines its availability
to produce work. The exergy analysis aims to deter-
mine the maximum work that can be obtained in a
work producing process from a given system [4].

The study [4] presents a number of exergy-
based concepts and methods, e.g. efficiency con-
cepts, exergy flow diagrams, exergy utility dia-
grams, life cycle exergy analysis (LCEA) and ex-
ergy economy optimization that are useful tools in
order to describe, analyze and optimize energy con-
version systems. The work [5] deals with compari-
son of energy and exergy analyzes of thermal power
plants on fossil fuels.

The ratio of energy to exergy in a substance
can be considered as an indicator for the improve-
ment of the energy efficiency of large scale energy
systems. In this study, an exergy analysis of a 300
MW lignite thermoelectric power plant, located in
Ptolemais Greece, is carried out. In order to promote
a more efficient solution, the existing lignite ther-
moelectric power plant is compared with three dif-
ferent cogeneration (CHP (combined heat and
power)) systems, employing the Rankine cycle,
designed to use the same amount of fuel as the

existing one. The performed exergy analysis reveals
that the utilization of the proposed CHP systems
may result to a significant increase of the energy
efficiency, compared to the performance of the
existing power plant [6]. The work [7] deals with an
exergy analysis of flue-gas pre-dried lignite-fired
power system, based on steam generator with open
pulverising system, aiming to explore the energy
saving potential. In the work [8], Dincer has per-
formed a thermodynamic analysis of reheat cycle
power plants. An exergy analysis of a 210 MW
thermal power plant is accomplished by Sengupta et
al. [9].

Thermodynamic models that combine the con-
cepts of economics cost and exergy analysis provide
a possibility of optimising complex energy-generat-
ing systems to achieve the best balance between the
thermodynamic efficiency and economic cost. Ros-
en and Dincer in their work [10] have performed an
exergo-economic analysis of power plants that
operate on various fuels. They investigated the rela-
tionship between the capital costs and the thermo-
dynamic losses. Datta et al. [11] have presented an
exergy analysis of a coal-based thermal power plant
conducted by splitting up the entire plant cycle into
three zones. Reddy and Butcher in their work [12]
analyzed a waste heat recovery power generation
system, based on second law of thermodynamics. A
case study of detailed exergy analysis conducted in
one unit of a coal-fired power plant is presented in
[13]. The analysis identifies the locations and mag-
nitude of exergy destruction in the system and its
components and assesses different options to im-
prove the efficiency of the system. In the work [14]
the author explains his views that, to better under-
stand and address environmental concerns, we need
to focus on the linkages between exergy and the en-
vironment, and that much more research is needed
in this area if the benefits, which are potentially im-
mense, are to be fully tapped.

The principal nitrogen pollutants generated by
combustion plants are nitric oxide (NO) and nitro-
gen dioxide (NOy), collectively referred to as NOx.
While the major share of NOy produced during com-
bustion is NO, once emitted into the atmosphere, it
reacts to form NO.. In coal-fired steam generators,
the NOx is primarily formed as thermal and fuel NOx
and smaller share as prompt NO,. Thermal NOy is
formed when nitrogen and oxygen from the com-
bustion air combine with one another at high flame
temperatures. Fuel NOy is formed by reaction of ni-
trogen in the fuel with oxygen in the combustion air,
it may occur at lower temperatures and it is domi-
nant in coal-fired boilers. The formation of thermal
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NOy is directly dependent on the local flame tem-
perature, while the amounts of nitrogen in the fuel
and oxygen available in the main combustion zone
determine the level of fuel NOy [15].

NOy control technologies can be classified into
two main categories: 1) combustion control tech-
niques (known as primary NOy control measures)
and 2) post-combustion methods. The primary
measures tend to prevent the formation of NOx dur-
ing the combustion process by reducing peak tem-
perature and reducing residence time of combustion
products at peak temperature. They are significantly
cheaper and although less effective, they are often
applied during pulverized coal combustion. The
common combustion control techniques include:
low excess air combustion, multi-stage introduction
of air and fuel, flue gas recirculation, burner modi-
fications, water/steam injection and combination of
these measures.

The existing measures of NOy reduction can be
further improved and their performance can be
increased to the maximum level by using mathemat-
ical modelling and numerical simulations. Such ap-
proach plays an important role in the design of new
systems for NOy emissions reduction, as well as the
proper selection of measures for emissions reduc-
tion which shall be applied in the plants under de-
velopment, as well as in the existing ones [16]. This
type of research has been successfully applied to de-
scribe the phenomena during the combustion of pul-
verized coal in the power steam boilers. Le Bris [17]
and Diez [18] confirm the positive impact of over
fire air (OFA) system on the reduction of nitrogen
oxides in flue gases by comparing the results of nu-
merical calculations and measurements on the ther-
mal power plants.

As fossil fuels dominate the world primary en-
ergy supply and will do it at least for the next few
decades, further improvement of the fossil-fueled
power plants is needed due to many reasons, includ-
ing the environmental impact and plant economic
operation. The aim of this work is to present a meth-
odology for analyzing the opportunities for improv-
ing the efficiency of fossil fuelled steam generators,
based on integration of zone thermal calculation
method and exergy method, while studying the im-
pact of such measures on the emission of nitrogen
oxides. In this study, a zone thermal calculation
method of CKTI [19] is applied to the steam gener-
ator of a 315 MW lignite-fired thermal power plant
located near the city of Prishtina, in combination
with an exergy analysis in order to identify the
locations, sources and magnitude of thermodynamic
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inefficiencies. An engineering method that takes
into consideration the most influential factors is
used for calculation of NOx emission. Since lignite
is the only significant fossil fuel resource in SEE
Europe, it is of a great importance to define possible
strategies to maximize the efficiency of the existing
power plants, while reducing harmful emissions.

2. OVERVIEW OF THE ANALYZED STEAM
GENERATOR

The present analysis considers a steam gener-
ator which is a part of a thermal power plant with
nominal power output of 315 MW (Figure 1) that
have been put into operation in the first half of 80-
es [20]. The steam generator is designed to be
fuelled on lignite with net calorific value (NCV) in
range 6280-9211 kJ/kg as received, with a guaran-
tee NCV of 7327 kJ/kg. The unit is aimed for oper-
ation in a cycle with feed water temperature 251°C,
steam temperature 545°C and pressure 177.4 bar.
The combustion air is preheated at 272°C and the
flue gases average temperature at the rotating air-
heaters outlet is 160°C.

The steam generator is a single gas path tower-
type, with forced circulation, a direct tangential
combustion system and with a system for slag re-
moval in a solid state. Some of the basic features of
the boiler are a large rectangular cross-sectional
area (15.75x15.38 mxm), hot flue gas recirculation
from the section between the second and fourth
stages of the primary superheater and a large num-
ber of steam soot blowers (102) [20].

In all operating modes, forced circulation in
the boiler evaporator is generated by means of cir-
culation pumps, with the corresponding water level
in the vertical steam separator. The evaporation heat
exchanging surfaces (water-walls) are made of
membrane panels with vertical tubes stretching
from the collectors at the bottom of the furnace, via
the super-heaters and re-heaters zones, up to the up-
per collectors, above which only the water econo-
mizer is located, in an unassembled box.

The steam superheaters, reheaters and the
economiser are installed in one gas channel along
the flue gas flow. The superheater second stage
(SH2) is built in ‘wind-walls' design, covering par-
tially the screen evaporator water-walls in the zone
below the suction openings of the hot gas recircula-
tion. The working fluid parameters of the steam
generator heat exchanging surfaces are given in Ta-
ble 1 [21]. Drying and grinding of coal to pulverized
state is carried out in fan mills (7 in function and 1
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as reserve). The introduction of the coal dust-air-gas
mixture into the furnace is done through a tangential
firing system. The air and gas flows are divided into

two parallel lines, with cracks in front of the rotary
air heaters. The initial preheating of air is carried out
in steam pre-heaters.

N
g‘_ A\ | 78 B 1
I ECO 1 [
H
[T _SHT 1
From HPT to RH1
ToIPT
To HPT
HRG r

i «

i

i

E RWHE  RWH5 RWH3 RWH2 RWH1 WH

i High pressure water heaters Low-pressure feed-water preheaters

! A
FG ¥_ Hot air _

L
A Hot air J FG - flue gases; HPT - high pressure turbine;
Ba". FGAN i LPS - lignite pulverising system; IPT - intermediate pressure turbine;
lignite @ f FGAM - fuel-gas-air mixture LPT - low-pressure turbine;
! HRG - hot recirculation of gases; EG - electric generator;
/ Air heefer (AH) CP - circulating pump; COND - condenser;
1 Flue SH1-4 - steam superheater stages; CDP - condensate pump;
g Wamn air . K gases (FG) RH1-2 - s.leam reheat_ers; DEA - deaerator;
cP ECO - boiler economiser; FWP - feed-water pump
Air pre- § - separator;

heater

Ambient air

Fig. 1. Flow diagram of the power plant

3. METHODOLOGY
3.1. The overall approach

The limitation of the conventional energy anal-
ysis, based on the first law of thermodynamics, is
that it does not take into account properties of the
system environment, or degradation of the energy
quality through dissipative processes, which means
that it does not characterize the irreversibility of the
system [22]. Achieving higher efficiency, therefore,
warrants a higher order analysis, based on the sec-
ond law of thermodynamics, as this enables us to
identify the major sources of loss, and shows ave-
nues for performance improvement [22]. Exergy
analysis characterizes the work potential of a system
with reference to the environment conditions, which
is the maximum theoretical work that can be ob-
tained from a system when its state is brought to the
reference or standard atmospheric conditions. Spe-
cifically, the exergy analysis of a steam generator
gives a qualitative picture of the exergy destruction
and losses in the energy conversion process and the
ability to limit these losses. This information can be

useful in designing a new energy efficient system,
but also for improving the performance of existing
systems.

The first law of thermodynamics efficiency of
a system or/and system component is defined as the
ratio of energy output to the energy input to the sys-
tem/component.

The second law efficiency is defined as:

Actual thermal efficiency

Mex = Maximum possible (reversible) thermal efficiency -
Exergy output Exergy loss

— 8y . put _ 1— gy. (1)
Exergy input Exergy input

The overal energy balancing of the steam gen-
erator in this work is based on the Normative
Method [19], which is also used for determination
of temperature distribution along the steam genera-
tor gas path. The general approach of the applied
model concept is depicted in Figure 2 [21]. Finally,
the energy and exergy balance results, as well as the
obtained gas temperature distribution, are used as a
basis for the estimation of the NOx concentration.
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Fig. 2. General model concept of the steam generator exergy
balance [30]

3.2. Energy balance calculations

The boiler is fueled on lignite with net calo-
rific value (NCV) in a range 6280-9211 kJ/kg as re-
ceived [20]. The average ultimate analysis of the
fuel is presented in Table 2, giving NCV of 7580
kJ/kg. The calculation of the combustion statics, i.e.
stoichiometric quantities of oxygen and air, as well
as flue gas quantities is based on the Normative
Method [19]. The baseline case is set as combustion
at 20% excess air, i.e. A= 1.2.

Table 2
Lignite ultimate analysis

C H 0 S N A w
23.0 2.3 13.0 06 0.6 16.0 445

Adiabatic flame temperature is used as refer-
ence temperature for calculation of heat transferred
in the furnace. It is calculated from the energy bal-
ance of the boiler furnace, under the assumption that
no heat transfer occurs to the surrounding surfaces
and there are no energy losses due to combustion
inefficiency and to the surroundings:

Fuel chemical energy + Air physical energy +
+ Physical energy of recirculating gases =
= Thermal energy in flue gases

(NCV) + MaCpa(Ta— To) + XgrHgr =
= MgCpg(Tad — To), (2)

where M, is combustion air mass flow (in kg/s), ¢p.a
is specific heat capacity of air (kJ/kgK) at tempera-
ture Ta (K); To is reference temperature, in this case
To=293 K, Xq is coefficient of recirculation, i.e. ra-
tio of the recirculated gases flow rate to the total
flow rate of flue gases; Hyr is enthalpy of recirculat-
ing gases (in kJ/kg fuel); My is flue gases mass flow
(kg/kg fuel), cpq is the mean specific heat capacity

Maw. unorc. nayu. ciiuc., 36 (2), 169-178 (2018)

of flue gases mixture (kJ/kgK) and Taq is adiabatic
flame temperature (K). As a baseline case, the as-
sumed adiabatic flame temperature at 10 % flue gas
recirculation (Xgr = 0.1), is tag = 1550 °C.

The mean specific heat capacity of the
combustion products mixture is calculated by the
expression:

1

Cpg=—
P9 taa—to

(Cp,ad tad - Cp,goto)- (3)
With known quantity and composition of com-
bustion products and assumed or known tempera-
ture, the enthalpy of flue gases in certain point is
determined with the following expression:

Hg = Hgt + (}L—l)HLt =
= Hgt + (}L—l)Ma,minCpatg (k\]/kg), (4)

where Hg: (kJ/Kg) is stoichiometry enthalpy of flue
gases (A =1):

Hgt = Mco,hco, + Mn,'hco, +
+Mso,hso, + Mi,0'hh,0. (5)

The obtained flame adiabatic temperature
value at the baseline conditions is Tag=1826 K. This
is a basis for calculation of the exergy destruction
due to the combustion process.

The temperature profile along the boiler fur-
nace was determined using the zone method [19].
According to that approach, the mean temperature
of flue gases exiting the main combustion zone was
calculated by iterative procedure with the expres-
sion

ﬁc(NCV)+ y\4
» datdfphtdr—Qe goew (T,
£y = e —2oewll) g (6)

v (Mgcp.q) Bf(Mgcp,g)

where . is fraction of fuel undergone combustion
until the exit of the considered zone, #. is overall
combustion efficiency, ga is heat content of the
combustion air, gspn is physical energy of fuel, gr is
heat content in the recirculating gases, o, is Stefan-
Boltzman constant (56.7-10712 KW/m2K?), &y is
emissivity of the furnace walls (average), Bs is fuel
consumption (in kg/s), gs is heat loss due to the heat
contained in the ash and slag falling through the fur-
nace funnel (in ki/kg), A is total zone surface (in m?)
and y is mean thermal efficiency of zone walls [19]:

_ leziAzi
lp - A "
The mean specific heat capacity of the gas
mixture is calculated on the interval between the in-
let and outlet gas temperatures (i.e. t' and t"):
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—_ 1 ! ! n n
9~ ¢ (cpgt’ — cpgt"”)- (7)

Temperature of the flue gases at the exit of
other zones was also calculated iteratively [19]:

. ABNCV)+(Mgcpg)'t! [1 N (T")4] .

g (Mgepg)” T

. UOEW(T’)4[Am(ll’”_w’)‘HPAz] (8)
2Bf(Mgcpg)” ’

where Af. is fraction of fuel undergone combustion
in the considered zone, T' is flue gas temperature at
the zone entry, T" is temperature at the zone exit, '
and " are thermal efficiencies of the zone inlet and
outlet surfaces [19], y is mean thermal efficiency of
the side zone walls and A; is the area of the zone side
walls.

Temperature at the exit of zone with radiate-
convective superheater was calculated as [19]:

n _ 2ABBy(NCY)
9 7 2Br(VO) +acAc

!
¢ [ZBf(Mng.g)"_“cAc] +
2Bf(Mgcp g) +acAc
204
+t e — (9)

Z <
2Bf(Mgcpg) +ac—Ac

4

T o€ (T)*
-1+ (= Lalire A
[ (T’) ]ZBf(Mng.g) +“cAclp

where o is convective heat transfer coefficient, Ac
1s heat transfer surface, <> denotes value of variable
at the zone entrance and <"> denotes value of varia-
ble at the zone exit.

Heat received by working fluid water/ steam in
each heat exchanging surface is defined with the fol-
lowing equation:

Qi = mi(hout - hin), (10)
where mj is fluid flow rate [kg/s] and houyin (kJ/KQ)
is specific enthalpy of the working fluid at the
exit/entrance of the heat exchanging surface.

Heat transferred from the combustion products
to each heat exchanging surface is determined with
the following expression

Qi = (Hg,in - Hg,out)Bf Hc Hins, (11)

where Hg,in and Hgout (kJ/kg) are enthalpies of flue
gas at the inlet/exit of the heat exchanging surface,
Bs is fuel consumption (kg/s), #c is fuel combustion
efficiency and #ins is insulation efficiency.

The previous equations were applied for en-
ergy balancing of all the heat exchanging surfaces
in the steam generator, determining that way the en-
ergy distribution to the heat exchanging surfaces

and the flue gas temperature change along the boiler
height, as well. Further step towards an improve-
ment of the overall procedure will be application of
CFD analysis of the steam generator, with approach
similar to the one implemented in [24, 25].

3.3. Exergy balance calculations

For solid fuels the chemical exergy is calcu-
lated with the following semi-empirical relation
[26]:

eneicn = (NCV)(1.0438 +0.0013" +

+ 0.1083% + 0.05493) +6740s  (12)
The total fuel chemical exergy (in kW) is

Efuet,ch = Bt€ruel,ch -

The specific physical exergy of the working
fluid water/steam is generally defined as:

Cwss = (h - hO) - TO(S - 50), (13)

where h is specific enthalpy [kJ/kg], s is specific en-
tropy (kJ/kgK), T is absolute temperature and the
subscript '0' denotes the reference state. In this case,
the atmospheric pressure and reference state tem-
perature are taken respectively as: po= 101325 Pa
and To= 293 K. The water/steam side exergy flow
rate (in kW) can be calculated with the equation

Ews = Muss €wss.

The specific physical exergy of flue gases is
calculated as exergy of ideal gases mixture:

T, T, p
es= (g — ho)<1 - %—jn]lnT—i) +RToIn2  (14)

T r
€= cpa| (Ty — To) —TolnT—‘Z] + Ry T 1n’;_i (14"

where hy (kJ/kg) is specific enthalpy of flue gas at
actual temperature, ho is specific enthalpy at refer-
ence temperature, Tqis absolute flue gas tempera-
ture (K), To is reference temperature, Ry is gas con-
stant (kJ/kgK), pgyis flue gas actual pressure (Pa), po
is reference pressure and cpg IS gas mean specific
heat capacity (kJ/kgK). With pg = po and p = const,
the last term in the previous equations becomes ~ 0,
simplifying the equations. In these equations hgy and
Cpg are calculated as for a gas mixture,

hg =3 x by (15)
Cpo= X Xk Cp ks (16)
where Xy is the share of each gas component in the
mixture (in kg/kg).
The flue gas side exergy flow rate (in kW) is
calculated with the equation

Eg :Mng eg.
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Once the exergy flows of all input and output
streams were calculated for certain component (i.e.
heat exchanging surface), the exergy destruction
was calculated as difference between the exergy
changes on gas and on water/steam side.

The exergy losses with gas stream are calcu-
lated in similar manner. Thus, the specific exergy
loss due to hot gas recirculation at level C (Figure
1), at tgr =<1050 °C and extraction ratio about 10%, is
calculated as

T, Tyr
e|,gr = (Cpgtgr - Cpoto)(l - TgriTo ln Tio). (17)

The exergy loss with the flue gases at the boiler
exit is

T, T, e
9|,ge = (Cpgtge - CpOtO)(l - TgezTO ln Tio) (18)

Exergy dissipation due to combustion is calcu-
lated from the balance of the boiler furnace:

€fuelch T €air = €ag + €1 + dcomb, (19)
dcomb = €fuel,ch + air — €ad — €1 (20)
The total chemical exergy of fuel is
Efuel,ch = Bt €fuelch

and the total exergy dissipation due to combustion
iS Dcomb = B dcomb.

The exergy of the preheated air is:

€air = Mal(Gpata— Cpoto) (1 — Ta?TO In %)] (in ki/kg)
(21)

Eairz Bfeair (il’] kW)
The exergy of the flue gas mixture at tempera-
ture Taq iS given as
T Tq
L-InfH)] (22)

Taa— To

€ad = Mg[(Cp,g,adtad— Cp,OtO)(l -

Ead = Bt €ag (in kW).

Apart of deoms, the exergy losses related to the
combustion chamber include losses due to incom-
plete combustion by chemical (gs) and mechanical
reasons (ga), heat loss due to radiation and convec-
tion (gs) and loss due to heat contained in the ash
and slag falling through the furnace funnel (gs):

e|:CI3+Q4+Q5(1— To )+CI6(1— To )

Tb,env Tasn
(23)

where Tyenv IS average temperature of boiler enve-
lope and Tash is temperature of ash and slag. The val-
ues of qs, s, gs and g (in kJ/kg fuel) are determined
on a basis of the recommendations given in [19]. In
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this case, it was assumed that g3 is 1% of the energy
entering the furnace with the fuel g = (NCV), g4 is
2% of q, gs and gs are 0.5% of q each, and Tash =
873 K (600 °C). Thus, it is obtained e = 256 kJ/Kg.

3.4. Estimation of NOy concentration

The formation of thermal NOy is directly de-
pendent on the local flame temperature and resi-
dence time of combustion products in the combus-
tion zone, while the temperature peak and the
amounts of nitrogen in the fuel and oxygen availa-
ble in the main combustion zone determine the level
of fuel NOy. The calculation procedure applied here
is a modification of the proposed method in [27].

The highest temperature in the main combus-
tion zone is calculated as a mean value between the
adiabatic temperature and the gas temperature at the
zone exit:

Ty =0.5(Tag + Ta). (24)

Temperature range of the NOx formation reac-
tion is defined as:

Tp)?-1073
ATT — ( M) —
0.614+Tp1075

_ (1679.5)2:107°
T 0.614+1679.5-1075
(25)

Average temperature of combustion products
in the main combustion zone is

Tgm= 0.84[(Tm)*+(Ta")*1%%. (26)

Residence time of gases (combustion prod-
ucts) in the main combustion zone is defined as:

273
TT t — —g
QVTg,ng)lb(1+xr)

(27)

where & is a degree of fulfillment of the zonw with
combustion products; qv is volumetric thermal load
of the main combustion zone,

N CV)
Vz /)

Qv = .Bch (

Pe is combustion efficiency, i.e. fraction of fuel un-
dergone combustion until the exit of the considered
zone, Ay is excess air coefficient at the burners outlet
(in the combustion zone) A, = A — 0.5A4;, A is
excess air coefficient at the furnace outlet and AJs is
a rise in the excess air coefficient; and vy = 0.278 +
0.001 W (in m3/MJ) is relative specific volume of
gases.

The estimation time of reaction of NO,
formation is
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T, = L(M)O'S. (28)

Tea—Ta» \300

Theoretical time to reach equilibrium concen-
tration of NO at temperature T,

7o = 0.024exp (22 -23).  (29)

Tm

Average concentration of O (in kg/md) in the
main combustion zone is

C = 0-21Va,min[(lb_l)‘l'xr(lg,r_lb)]POZ
o - .
2 [Vg,e+1.0161(Ap—1)V g min | (1+%,)

(30)

The concentration of thermal NOyx (in g/md,
calculated as NO2) in combustion products at the
exit of the main combustion zone is

Cno,t= 7'03'103'C02°'5exp(— 10860) 7

TM’

= (31)

The combined concentration of fuel and
prompt NOx (in g/m?, calculated as NO,), taking
that average nitrogen content in fuel (as received) is
0.6%, is:

Cno,f + Cnoy p=1.25:(0.40 — 0.1IN¥)-
2 /0 000y 0-33
) Nar(’lb"'x?’) (TM 800) . (32)

1+, 1000

Total concentration of NOy in the combustion
products is

Cno, = Cno,t + Cnoyf+ Cnoyp (33)

For the reduced steam generator capacity,
D < Dw, the total concentration of NOy is:

(Cnoy)p = Cno,t(D / D) +
+ (Cno,r + Cno,p) (D1 Dw)*® (in g/my’).
(34)

4. RESULTS AND DISCUSSION

The main purpose of the exergy balance anal-
ysis is to identify the components of the system
where large exergy losses occur. With that aim,
based on an approach described here and in [5, 7,
13], exergy flow in different streams of the Kosovo
B power plant steam generator was calculated at dif-
ferent points before and after the process compo-
nents. Several operating modes of the power plant
were subject of analysis, with regard to the real plant
design parameters and measured values from the
power plant monitoring system [21]. It is well
known that, according to the first law analysis, the
plant condenser has the highest heat loss in the

cycle. However, according to the exergy analysis, it
is not very significant due to its low quality and
small potential for optimization. On the other hand,
about 80-85% of the total exergy destruction occurs
in the boiler, which is a reason for devoting more
attention to the processes taking place in the boiler
plant in order to improve its efficiency.

The flue gases temperature change along the
steam generator, determined with the zone method
[19, 28], is presented in Figure 3.
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Fig. 3. Temperature profile along the boiler gas-path obtained
in the case of nominal regime conditions

The largest exergy destruction in the steam
generator occurs due to irreversibility of the com-
bustion process and the internal heat transfer mech-
anism from the combustion products to the working
medium (water, steam and air). Also, there are
several other components that contribute to the huge
steam generator's exergy dissipation, such as exergy
destruction due to the hot flue gas extraction, exergy
loss of boiler exhaust gas and loss in the blowdown
stream of the boiler. Calculated exergy changes of
the streams on the sides of the combustion products
and water/steam, as well as the exergy dissipation
due to combustion and heat transfer in the steam
generator are presented with the Grossman diagram
in Figure 4.

A comprehensive research yields more comp-
lete insight into the performance of the thermal
power plant, as it includes both energy and exergy
efficiency analyses [28]. With regard to the steam
generator, on the basis of the previous analyzis,
optimization of the combustion and heat transfer
processes can be achieved through a set of measu-
res. Thus, a potential to reduce the inefficiencies
exists in the following: sufficient preheating of
combustion air, controlling the amount of excess air
at optimal level, lignite pre-drying by use of
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recirculating flue gases heat, creating conditions for
suitable fuel and air mixing, reducing temperature
difference between combustion products and water-

steam in every stage of heat transfer process, utili-
zation of the energy contained in the exit gases and
other measures.

Hot gas recirculation 4.52 %

))

Combustion |[Heat
Raw Lignite Pre-dried [|Boiler products excfhangmg
lignite treatment lignite furnace 74.46 % ggrgi':;s
100 % (drying) 100 % (combustion) - °
\ Ad. water
0.80 %
Y r (C m
Hot air 3.33 %
Power Drying exhaust ot air - to atm.

0.25 % gas 1.40 %

ENVIRONMENT 3.37 %

30.27 % 27 62% 1.59%

Fig. 4. Grassman diagram of the exergy flow in the steam generator

Taking into consideration the impact of the hot
flue gas recirculation, air and fuel staging and ex-
cess air control, the results of the calculations of the
NOx concentration from the analyzed steam genera-
tor (TPP Kosovo B) are presented in Figures 5 and
6.
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Fig. 5. NOx concentration vs. excess air coefficient
in the main combustion zone concentration
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Fig. 6. Influence of the flue gas recirculation rate
to the NOx in the main combustion zone
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Changes in the internal of the steam generator
with the aim of heat transfer optimization are hard
to be undertaken at this point, however, the retrofit
measures related with fuel treatment enhancement
and combustion process optimization seem to be
achievable. In that sense, fuel pre-drying by use of
combination of hot and cold recirculation of flue
gases and fresh air preheating with dryer exhaust
gases with saving potential of over 3%, as well as
control of the excess air at optimal level, seem to be
the most attractive options for the boiler efficiency
improvement. Therefore, these issues will be the fo-
cus of further in-depth analysis.

5. CONCLUSIONS

The efficiency of the processes occurring in a
utility steam generator of lignite-fired power plant
Kosovo B is analyzed from the energy and exergy
viewpoint. The optimization model is established,
based on an energy balance and exergy method, in
order to determine the energy distribution, exergy
losses and temperature profiles along the steam gen-
erator gas path. The largest exergy destruction oc-
curs due to the irreversibility of the combustion
process and the heat transfer between the combus-
tion products and water-steam stream. According to
the exergy analysis, the steam generator is respon-
sible for about over 80% of the total loss of exergy
in the power plant. Despite the fact that the consi-
dered steam generator is already in use more than
the technical design time, its energy efficiency is
relatively high, since the internal irreversible pheno-
mena do not affect the energy balance. However, the
steam generator exergy efficiency is considerably
lower, with values below 40% in different operating
modes.
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Several options are considered to be analyzed
in more detailed manner for enhancement of the
power plant and boiler efficiencies. In that direction,
optimization of combustion and heat transfer
through sufficient combustion air preheating, con-
trolling the amount of excess air at optimal level,
delivery of pre-dried fuel, creating conditions for
suitable fuel and air mixing, reducing temperature
difference between combustion products and water-
steam in every stage of heat transfer process, utili-
zation of the energy contained in the exit gases and
other measures can be effective in controlling the
exergy losses. Since pre-drying of lignite by use of
combination of hot and cold flue gas recirculation,
air preheating by use of dryer exhaust gases and ex-
cess air control at optimal level seem to be the most
attractive options for the boiler efficiency improve-
ment, these issues will be the focus of further re-
search efforts. Most of these measures have conse-
guent impact to the NOy concentration in flue gases.
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MEASUREMENTS AND CALCULATIONS FROM AN INSTALLED PV/T SOLAR

SYSTEM IN THE KINDERGARTEN “PAVLINA VELJANOVA” — KOCANI

Stefan Trajkov

Eco Solar, Stip, Republic of Macedonia
trajkov-stefan@live.com

A b s tract Kindergartens are one of the biggest consumers of electrical and heat energy. Since they have
limited installation area, hybrid (PV/T) collectors are the perfect fit for these kinds of objects. One hybrid collector is
composed of an upper part of photovoltaic cell and below is the thermal part for hot water. The main objective of this
paper is to present measured data about the performance of an installed solar system at a kindergarten in Kocani,
Republic of Macedonia. The kindergarten is based in the center and that has about 350 kids enrolled. Measurement
equipment is installed separately for the thermal and electrical part. Calculations about how the installed capacity cor-
responds to the needs of the kindergarten are also included. All of the produced electricity is mainly used for lightning
the hall, offices and backyard. Thermal energy is also utilized for preparing food and children’s nurseries.

Key words: photovoltaic; thermal energy; measurements; kindergarten

MEPEBA U TIPECMETKH O] UHCTAJIMPAH PV/T COJIAPEH CUCTEM
BO JETCKATA I'PAJJMHKA ,, ITABJIMHA BEJIJAHOBA*“ - KOYAHHU

At cTpakT: JleTckuTe rpaliHKY Ce €/IHN O] HajrOJIEMHUTE MOTPOLIYBAuH Ha €IEKTPUYHA ¥ TOIUIMHCKA EHEPIH -
ja. bunejkn mMaar orpaHnveH mpoctop 3a mHctananuja, xuopuaau (PV/T) konekTopu ce WaearHo pelieHne 3a OBOj
Bup obOjextH. ExeH XuOpHuIeH KOJEKTOp € COCTaBeH O] TOPEH Jell co ()OTOBOJNTAWYHU KENWH, a TIOJ HUB CE Haora
TEPMHUUKH JIe] 32 Bpesa BoJa. [ J1aBHa 1iel1 Ha 0BOj TPY/] € Jla ce M3HecaT U3MEPEHUTE pe3yITaTH oJ] padoTara Ha MHC-
TAJIMPAHUOT COJIapEH CHCTEM BO JeTcka rpaanHka Bo Kouanu, PenyOnmka Makenonuja. Jlerckara rpajguHka ce Haora
BO LIEHTAPOT, a BO Hea ce 3anumany 350 nera. MepHaTa orpeMa € MHCTaIMpaHa OENHO 33 TEPMUYKHOT U €IeKTpUY-
HUOT zei. [IpecMeTkuTe 3a TOA KaKO HHCTAIMPAHUTE KAAUTETH KOPECTIOHIMPAAT CO NOTPpeOUTe Ha JIETCKaTa IpaiiH-
Ka ce UCTO Taka BKiydeHH. Cera MpoU3Be/ieNa eJIeKTPUYHA CHeprHja € KOPHCTEHa TIIABHO 32 OCBETIIYBamhE Ha XOIHHU-
LUTe, KaHIeJIapUuTe U ABOPOT Ha IpajuHKara. TepMHUuKara eHepruja e MCTO Taka MCKOPHUCTEHA 3a MOATOTOBKA Ha
XpaHa.

Knyunu 360poBu: (poTOBONTaNK; TEPMHIUKa CHEPTHja; Mepeba; AeTCKa rpaJiHKa

AIMS AND BACKGROUND

Big improvements in solar technology resulted
in more efficient and extensive use of renewable
sources. These systems require no fuel to operate
and do not release harmful emissions. Implementing
eco-friendly systems is affecting the environment in
a positive way. Moreover, modern living dictates in-
creases in energy demand. Since fossil fuels are
about to disappear in the nearest future, there’s got
to be an alternative energy source to rely on. This

has a big influence on the environment, since a large
amount of the produced energy comes from fossil
fuels.

Using green energy solves a part of the prob-
lems regarding air pollution and energy needs. Peo-
ple are still skeptical about their inconsistency and
price. But the numerus subsidies, national support
programmes and incentives towards green energy
sources will provide good base for future develop-
ment. For example, the kindergarten “Pavlina Vel-
janova” in Kocani has already taken a big step
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towards using renewable sources with the help of
global ecology funds.

Kindergartens have great demand of thermal
and electrical energy, but limited area for installa-
tion of solar systems. Total area requirement of
PVIT collector is around 40% less [1] compared to
photovoltaic and thermal collectors with the same
total capacity. So, these kinds of system are espe-
cially interesting for hotels, schools or hospitals.
Buildings are also major energy consumers
throughout their lifecycle [2]. Pavlina Veljanova is
the central kindergarten in the city and has three (3)
smaller kindergartens under her belt. The main kin-
dergarten is preparing food for them all. The pro-
duced thermal energy from the hybrid system is
mainly utilized to satisfy the kitchen, or nursery
needs. On the other hand, electrical energy is used
for lighting the halls, offices and backyard. Picture
of the installed system is shown in Figure 1.

Fig. 1. Installed hybrid (PV/T) system in the kindergarten
,,Pavlina Veljanova” — Ko¢ani

The aim of this paper is to present the techno-
economic aspect of installing this kind of solar
system. Measurement equipment is installed sepa-

rately for the thermal and electric part. To accom-
plish this objective, first, a background analysis
about the energy needs of the kindergarten is done.
Measured data is gathered for each month of the
following two periods: January 2015 to June 2015
and January 2016 to January 2016. The data show
valuable information about produced thermal
energy, produced electrical energy and energy bills
that match the period of research

EXPERIMENTAL

Corresponding to the energy demand of the
kindergarten an optimal solar system is installed. A
questionnaire was being answered by the working
personal to gather data of how much hot water and
electricity is needed. Indisputable is the fact that this
system will not cover all of the needs, but around
20% will be covered by the solar system.

From the information that were gained it is ev-
ident that thermal energy is needed more compared
to the electricity (Tables 1 and 2). Liquid type PV/T
collectors, air type PV/T collectors, concentrating
PVIT collectors and building integrated PV/T col-
lectors are the four different types of PV/T collec-
tors [3]. For this kindergarten, a liquid type PV/T
POWER TERM HYBRID collector with 750 W
thermal and 150W electrical power was chosen.
Five (5) collectors were installed at an azimuth an-
gle of 55 degrees (Figure 2) for better absorption of
solar radiation in late autumn and early spring. It is
argued that photovoltaic cells are operating more ef-
ficient at lower temperature. The circulation of the
working fluid in the hybrid system will affect posi-
tively on the working performance on the photovol-
taic part. Typically, power increases with 0.2 to
0.5% per °C decrease of temperature, but when a PV
module is integrated in a fagade or roof, it will nor-
mally get warmer, than a module mounted in free
air [4].

Table 1
Thermal needs of the kindergarten
Kitchen Desert Snack Lunch Hotwater Number Overall hot water
M @M O perday(l) ofkids per day (1)

Required amount of water for preparing food (45°) 0.2 0.1 0.3 0.6 120 72
Required amount of water for cleaning the dishes per child (45°) 0.5 0.1 1.2 1.8 120 216
Nurseries 200 200
Overall 488
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Table 2
Electrical needs of the kindergarten (lighting)
Place Type of light Overall lighting places Power Working hours Consumed electrical energy
(W) (h) (Wih)
Backyard LED 16 24 768
Offices, halls and kitchen LED 16 2 1120
Overall consumed electrical energy 1888

HYBRID COLLECTORS

HYBRID COLLECTORS

D]]ﬂ]]ﬁ[l]]l]]]l]]]ﬂ]][ﬂ]ﬁ

SOUTH-EAST FACADE

MMmmmom|
(D OO

Hybrid collectors
POWERTERM M-180/750
Instalation-Azimuth angle 55°

FRONT SOUTH-EAST FACADE

NORTH-EAST FACADES

Fig. 2. Place of installing the hybrid system

Characteristics of the installed system: Ther-
mal part: pumping group GIAKOMINI, expansion
tank of 15 liters, polypropylene pipeline of 22 mm
diameter for connection between the circuit
elements, air release valves. In addition, external
tank with a capacity of 300 liters is installed so hot
water can be stored for a longer period of time.
Detailed circuit drawing is shown in Figure 3. The

PPR @20 —==

e et

f PPR 220
DISHWASHERS

-—— PPR G20 =— PPRO25

system is independent of the city network and it is
installed on the roof. Mixture of water (i.e. water-
ethylene-glycol) is circulating throughout the
collectors to extract heat from it. It is important so
specify that three water heaters with a capacity of
80 liters and machine for washing dishes (4 kW
installed el. heater inside) are the main consumers
of thermal energy.

WATER HEATING BOILER 1 WATER HEATING BOILER 2
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Fig. 3. Thermal consumers and water installation
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Photovoltaic part: Consist 5 hybrid panels of
1.5 m2, Each panel has 750 W thermal and 180 W
photovoltaic power. The electricity generated by
this system comes in two charging regulators STECA
type 15 and 20 A. This energy is stored in 4 accu-
mulators with tubular cells with a total capacity of
640 Ah. From here, through a 2 KW power inverter
(shown in Figure 4), the produced electrical energy
passes through the DATA LOGGER 4000 control-
ler. This device has the ability to store data for 6
months and transmit it to the micro SD card for fur-
ther analysis. From the measuring device, electricity
comes to 38 lighting places in 7 corridors. In order
to make additional savings, everywhere the old tra-
ditional lights are replaced with 15 W LED lights,
which are activated by motion sensors. Only 2 light-
ing places work 24 hours (at the entrance to the kin-
dergarten and on the internal stairs). There are peri-
ods when not enough electricity is produced from
the system, like in the winter months or evenings. In
this situation the system automatically switches to
the local grid. Electricity from local grid does not go
through the DATA LOGGER 4000 control device.

(&}

PPG 2x1 5
24W
0

PPG 2x1.5mm*
12V 432 W
<o (=]

PPG 2x1 5mm?
108W

¢

INVERTER
P=2KW

T
7
FUSE 104
(Lights)

PPG 3x2,5mm* | Ot

20V
PPG 52 5
756 W

SWITCH 16A

Fig. 4. Electrical scheme

RESULTS AND DISCUSSION

Delivered thermal and electrical energy from
the hybrid system for the period January 2015 — June
2015 explained in Tables 3 and 4 and in Diagram 1.

Comparison between the electricity bills be-
fore and after installing the hybrid solar system (the
first year of work) explained in Table 5.

Smaller consumption of electrical energy for
January: 509.90 kWh; smaller consumption of elec-
trical energy for February: 637.90 kWh; bigger con-
sumption of electrical energy for March: 322.90
kWh; smaller consumption of electrical energy for
April:1037.20 kWh; smaller consumption of electri-
cal energy for May: 210.10 kWh; smaller consump-
tion of electrical energy for June: 594.40 kwh.

Comment for the first year of work: The pho-
tovoltaic part of the hybrid collector showed rela-
tively good performance in the first year of its work.
On the other hand, the thermal part had relatively
poor results compared to the installed power. More-
over, the thermal part of the hybrid collector pro-
duced a much higher value than the measured, but
due to the fact that the biggest consumer of thermal
energy was out of operation and that resulted in
stopping the recalculation of the working fluid. This
also affected in reducing the electrical efficiency as
a result of the low flow rate, because PV cells be-
come relatively warm and that results in lower elec-
trical output. A low heat transfer results in a large
temperature gradient and therefore in a high PV
temperature. This decreases thermal and electrical
efficiency [5]. In the summertime, when there was
a very large number of sunny days, they remained
unused. With an installed thermal power of 3750 W,
it is illogical to get produced thermal energy of
around 160 kWh for March. This number should be
several times higher.

Table 3
Delivered electrical energy from the hybrid system
Data Delivered electrical energy
2015 (overall in kWh)
January 57.94
February 219.6
March 129.3
April 201.3
May 241.4
June 243.4
Overall 1092.94
Table 4
Delivered thermal energy from the hybrid system
(kWh)
Data Delivered thermal energy
2015 L5/heat L6/cool Overal
January 324 48.1 80.5
February 64.4 61.6 126.0
March 931 66.9 160.0
April 122.8 71.2 194.0
May 171.2 86.0 257.2
June 185.1 90.9 276.0
Overall 669.0 424.7 1093.7
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Diagram 1. Produced thermal and electrical energy from the hybrid system for 2015

Table 5
Comparison between the electricity bills in 2014 and 2015
Period Consumption Value Period Consumers Value
(kwh) (Denars) (kWh) (Denars)
26.12.2013 - 1.01.2014 3.205.00 13.887.99 30.12.2014 — 31.01.2015 2.695.10 12.074.04
23.01.2014 — 8.02.2014 4.599.00 19.928.51 27.01.2015 — 28.02.2015 3.961.10 17.745.73
1.03.2014 - 31.03.2014 3.010.00 13.043.02 28.02.2015 — 31.03.2015 3.332.90 14.931.39
27.03.2014 — 30.04.2014 3.757.00 16.279.93 28.03.2015 — 24.04.2015 2.719.80 12.184.71
1.05.2014 - 7.05.2014 2.564.00 11.110.39 25.04.2015 — 31.05.2015 2.353.90 10.545.47
1.05.2014 - 7.05.2014 2.823.80 12.236.17 23.05.2015 — 25.06.2015 2.229.40 9.987.71

However, despite the insufficient utilization of
the thermal part of the hybrid collector, electricity
bills are reduced (Diagram 2.). This is due in partic-
ular to the operation of the hybrid system, then re-
placing the classical 80 W Neon light bulb with a
LED lights of 18 W. All these new lights are turned

5000

4000

on using a motion sensor. Furthermore, staff is ad-
vised when and how to use the main consumers of
electrical and thermal energy.

Measurements from the installed system in the
kindergarten “Pavlina Veljanova” for 2016 ex-
plained in Tables 6 and 7.

3000

2000

1000 I I
0

January February March

April June

B Consumed electrical energy for 2014 [kWh]-Before the instalation of the hybrid system

B Consumed electrical energy for 2015 [kWh]-First year of the work of the hybrid system

Diagram 2. Consumed electrical energy before and after the installation of the hybrid system

Maw. unore. nayu. ciivc., 36 (2), 179-186 (2018)



184 S. Trajkov

Table 6

Electrical performance of the PV/T collector

i Delivered

ZSTE ‘ electrical energy
(Overall in kWh)

January 86.4

February 2325

March 150.6

April 220.4

May 250.5

June 285.4

Overall 1225.8

800

700

January February March

M Electrical energy [kWh]

Table 7

Thermal performance of the PV/T collector

Delivered thermal energy Overall
Month (kwh) (KWh)
2016

L5/heat L6/cool

January 324.0 204.5 528.5
February 341.7 224.4 566.1
March 374.3 245.6 619.9
April 425.7 252.7 678.4
May 468.7 261.6 730.3
June 493.6 266.5 760.1
Overall 2.428.0 1.455.3 3.883.3

600

500

400

300

200

100 I
. N

April June

B Thermal energy [kWh]

Diagram 3. Production of thermal and electrical energy for the period of 2016

Comparison of electricity bills for the period
from January 2015 to June 2015 with the period Jan-
uary 2016 — June 2016 explained in Table 8 and Di-
agram 4.

Bigger consumption of electrical energy for
January: 1081.60 kWh; smaller consumption of
electrical energy for February: 225 kWh; bigger con-
sumption of electrical energy for March: 230 kwh;
bigger consumption of electrical energy for April:
571 kWh; bigger consumption of electrical energy
for May: 387.3 kWh; bigger consumption of electri-
cal energy for June: 227 kWh.

Comment for the second year of work: Charac-
teristic for the second year of using the hybrid sys-
tem is that it has a drastically higher production of
thermal energy, but the consumption of electricity
has increased. This is primarily due to working of
the reestablished dishwashers (4 kW el. heater), new
thermal consumers were additionally installed (80
liters water heater boiler), air conditioners in the of-
fices and the unethical use of the main consumers of
the working personnel. The largest difference com-
pared to the 2015/2016 bills is in January for 1081
kWh. On the other hand, February is the only month
where there is less electricity consumption com-
pared to the previous year — 45 kWh.

Mech. Eng. Sci. J., 36 (2). 179 —186 (2018)
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Table 8
Comparison of consumed electricity for January—June 2015 and 2016
Period Sl onary Period e onary

30.12.2014 - 31.01.2015  2.695.10 12.074.04 24.12.2015-31.01.2016  3.776.70 16.881.81
27.01.2015-28.02.2015  3.961.10 17.745.73 26.01.2016 - 29.02.2016  3.736.10 16.699.3
28.02.2015-31.03.2015  3.332.90 14.931.39 28.02.2016 - 31.03.2016  3.562.90 15.924.30
27.03.2015-30.04.2015  2.719.80 12.184.71 28.03.2016 — 24.04.2016  3.290.80 14.708.90
25.04.2015-31.05.2015  2.353.90 10.545.47 25.04.2016 — 31.05.2016  2.741.20 12.252.27
23.05.2015 - 25.06.2015  2.229.40 9.987.71 23.05.2016 — 25.06.2016  2.456.40 10.982.71

4500
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January February March
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2500
2000
1500
1000

50
0

April June

B Consumed electrical energy for 2014 [kWh]-First year of work of the hybrid system

B Consumed electrical energy for 2015 [kWh]-Second year of the work of the hybrid system

Diagram 4. Consumed electricity for kindergarten ,,Pavlina Veljanova” — Second year of operation of the hybrid system.

CONCLUSIONS

The most important conclusion of the whole
paper is that there is a serious lack in system perfor-
mance, field tests and long term monitoring of PVT
systems. Hybrid systems represent an innovative so-
lution that ensures production of heat and electricity
and with its concept enables more efficient opera-
tion of the photovoltaic part. However, they are still
a topic of research, monitoring and verification. The
purpose of this research was to give an overview of
the results, experiences and problems in the past two
years of the hybrid system in a kindergarten. Sonja
Popovska Vasilevska [6] gives a similar review in a
pilot project regarding installing hybrid system in

Maw. unore. nayu. ciivc., 36 (2), 179-186 (2018)

kindergarten. Energy efficiency from an economic
point of view is defined as the scope of all changes
that resulted in reduced amounts of used energy. Im-
proving energy efficiency without changing the
quality or quantity of energy demand for the con-
sumers is a good sign for economic development.
The best view of how for the hybrid system is per-
forming at "Pavlina Veljanova" in Koc¢ani would be
given in the third year of its work. During this pe-
riod, all the problems that have appeared in his pre-
vious period will be overcomed.

The prediction for hybrid collectors is that they
will be used mostly in places where there is limited
space for installation, and the requirements for heat
and electricity are high. Classic examples for that
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are: buildings, business facilities, kindergartens and
schools. Many questions regarding optimal combi-
nation of installed electrical and thermal power need
to be answered. After passing those obstacles, the
large potential for PV/T can be accomplished. Var-
ious types of hybrid collectors will be produced, and
the current ones will be further improved. This
would result in an increase in the efficiency of the
collectors themselves and a reduction in their price.
The price of hybrid collectors in 2015 was quite
high to be installed (480 euros for 1 panel with 180
W electric and 750 W thermal installed power). But
in 2018 for the same price you can get a collector
with higher installed power: 1000 thermal and 300
photovoltaic and now the price is quite low and
available for every home. It’s forecasted that they’ll
probably face the similar future as photovoltaics.
Not long ago, installing photovoltaic system was
quite expensive, and now their price is significantly
dropped, making them affordable for every home.

Acknowledgments: The author acknowledges the sup-
port from Eco Solar—Stip and Lag — Kocani for the information
regarding this paper.
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Abstract: The separation and treatment of oily emulsion, after mechanical treatment of refinery sludge, shall
be explained in this paper. The oily emulsions generated in the process of treatment of refinery sludges have complex
composition and therefore complex techniques are applied. The chemical composition analysis is approximate due to
difficulties in representative sample taking because of the presence of different hydrophobic and hydrophilic compo-
nents. Methodology applied follows several steps: extraction of the emulsion from the sludge and storing it in a closed
tank, physicochemical stabilization by gravity in a period of one year, treatment of liquid phase into the waste water
treatment plant (WWTP) in OKTA by adapting the mechanical and chemical part, upgrading the biological phase with
NPK nutrition and introducing additional microbial species, transport of semisolid hydrocarbons from the tank to the
open lagoons and possible operations for further recovery/disposal using soil bioremediation with both endogen micro-
organisms and plant cultures.

Key words: oily emulsion; refinery sludge; treatment; separation; bioremediation

TPETMAH HA MACHA EMVYJI3UJA

AmcrtpaxT: Bo oBoj Tpeyn ce o0jacHyBaaT cemapalijata ¥ TpeTMaHOT HAa MacHaTa eMyJi3uja JoOueHa 1mo
MEXaHHYKH TPETMaH Ha TAJIOroT of pahuHUpame. MacHUTE eMyJI3MH T'eHEpHPaHH BO MPOLECOT Ha TPETHPAE Ha Ta-
JIOTOT 071 paUHUPHIHLETO MMAAT KOMIUIEKCEH COCTaB U 3aToa ce MPUMEHYBAaT CIIOXKEHN TEXHUKH. AHajn3ara Ha Xe-
MHCKHOT COCTaB € MPHOKHA IIOPAaN TEUIKOTHHTE NP 3EMabETO Ha PENPe3eHTaTHBEH PUMEPOK HOpaan MpUCYCT-
BOTO Ha Pa3iIMYHU XUAPO(GOoOHH M XHAPODUIHH KOMIIOHEHTH. MeToo/iorujaTta ce IpMMeHyBa BO HEKOJIKY YEKOPH:
€KCTpaKI1ja Ha eMyJI31ja OJf MIIIOT M HEj3UHO CKJIaJUPare BO 3aTBOPEH pe3epBoap, HPU3NUKO-XeMUCKa cTabuin3aluja
BO MEPHOJ OJ1 e[HA TO/IMHA, TPETMaH Ha Te4HaTta (ha3a BO MPEUYHUCTUTENHATa cTaHuna 3a otnagau Boau Ha OKTA co
ajlanTHpame Ha MEXaHWYKHOT U XEMHCKHOT Jiel, Haarpaaba Ha Ouoromkara ¢asza co nonasame HITK u BHecyBame
JIOTIOJIHUTEIHA BHIOBH MHUKPOOH, TPAHCIIOPT Ha IOJIYLBPCTH jarjieBOJOPOAU Ol PE3ePBOAPOT JI0 OTBOPEHUTE JIaryHH
U MOXHH OIEpaluH 3a MOHATaMOIIHAa pereHepanyja / KOPUCTEHEe Ha OWOJIOIIKO 3a3[paByBame Ha MOYBATA CO
€HJIOTEeHH MUKPOOPTaHU3MHU U PACTHTEIHH KYNTYPH.

Kiyunn 36opoBu: MacHa eMyn3uja; MU o padhuHEpHja; TpeTMaH; cermapaiuja; OnopeMe rjanuja

INTRODUCTION

In OKTA refinery within 30 years of opera-
tions, oily sludges are produced as a waste product.
Such sludges are generally characterized as three
phase, multi-component, organic sludges contain-
ing water, oil and solids.

Because of the presence of hazardous materi-

als in such sludges, their disposal presents a huge
problem for the petroleum refineries, taking into

consideration all aspects, especially environmental,
social and economic ones.

Various methods have been proposed for dis-
posing of oil sludges, including solvent extraction,
mechanical dewatering, thermal treatment, chem-
ical fixation and stabilization (mixing the oily
sludge with a solidifying agent such as cement), but
to date none have proven to be entirely satisfactory.
The process operation itself is time and money
consuming to obtain the necessary permits for.
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There is, however, a continuing search for a
technique of disposing refinery sludges which both
meets environmental regulations and is economi-
cally feasible.

AIM

The aim in finding solution to treat the emul-
sion derives from:

*  The need to empty the tank, clean it and repair
to use it to store final oil products, gasoline or
diesel.

» Expenses for heating the emulsion during the
winter period.

*  Avoiding the risk for environmental incident-
leakage into soil. Due to the high water con-
tent, the possibility for freezing and damage
was high.

SCOPE OF THE WORK

»  Emulsion separation by gravity and pumping
the mid layer of the tank (up 4000 m?®) and di-
rected to waste water treatment plant
(WWTP).

* Upgrade of the biological part of the plant
with nutrients and specialized cultures.

» Regular monitoring.

»  Transferring the semisolid emulsion from the
tank into the sludge pools and mixing it with
soil.

* Bioremediation (micro and phytoremediation)
on site of the heavy part of the emulsion
mixed with soil.

SEPARATION OF 8000 m® EMULSION
STORED IN A TANK

The emulsion of water and hydrocarbons got
by decanting was stable and stored in one of OKTAs
tanks (Figure 1). It was partially separated in three
phases. The water phase was to be treated (Figure 2)
into the existing WWTP (mechanical, physicoche-
mical, biological part), using the already present
microorganisms or additionally improved culture
where needed.

Taking into consideration the strong bonds be-
tween the compounds, organic and inorganic solids
and the water, the challenge was the separation of
the emulsion with quantity 8000 m® and quality
given in the Table 1.

Fig. 1: OKTA tank

=
Zdb

Fig. 2. Extracting of emulsion

Table 1

Emulsion quality

Emulsion analysis

pH 7.5
Oily materials mg/l 7000
COD mg/l 340000
Humidity % m/m 78.9
Organic sediments % m/m 17
Inorganic sediments % m/m 4.2

Mech. Eng. Sci. J., 36 (2), 187-193 (2018)
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The samples of emulsion from different
heights of the tank showed tendency to separation
after 24 hours. Roughly, there were three layers into
the tanks (Figure 3), surface light hydrocarbons and
other colloids, mid layer of water and insignificant
percentage of solids and bottom layer with heavy
hydrocarbons and organic and inorganic sediments.

Fig. 3. Tank profile

The submersible pump has been placed on 2 m
of the top of the tank and the oily water (4500 m®)
was directed through the existing pipeline to the
mechanical part of the WWTP. The dynamic of
pumping was adapted to the technical capabilities of
the pump and often disturbances because of the
pump blockage from the mechanical particles
(Graph 1).

The technological treatment of the emulsion
with the waste water is given in Figure 4. As it is
shown it is performed in three phases: physico-
chemical, mechanical, and biological. The mechan-
ical waste water treatment (point T-182 in Figure 4)
is performed through a precipitator for mechanical
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impurities, oil separator and precipitator-regulator.
The precipitator (T-182 in Figure 4) is designed to
keep the robust particles by means of a circular wa-
ter movement.

The oil separator represents horizontal pre-
cipitator and from where the oil products that are
floating on the surface are fed by means of return
pipes located at the entrance and exit of the cham-
bers, and the sediment from the bottom is fed by
hydroelevators to the sludge separator. The pre-
cipitator-regulator (T 183/184 in Figure 4) performs
an additional separation of the oil products and
ensures the oil product concentration in the waste
water to be less than 70 mg/l (Figure 5). After the
mechanical treatment, the waste water mixed with
chemical enters the flotation tank (T-186 in Figure
4) in order to be chemically treated (Figure 6). The
partly separated waste water goes further in facili-
ties for a joint biological treatment of the industrial
and sanitary waste water. Prior to that, the mecha-
nical impurities are separated in the basin for sani-
tary waste water. The mixing of the industrial and
sanitary waste water is performed in the mixing
chamber by means of airflow supplied through the
perforated pipes located on the bottom of the mixer.

The biological treatment is performed in the
basins-precipitators for bioaeration. Here a bio-
chemical oxidation of the waste water is performed
by means of aerobe microorganisms which colonies
create an active mud. Before it is released in the
recipient, the waste water can be disinfected with
chlorination (T-188 in Figure 4).

TI1-032/2 === m3/den
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24.07.20...
26.07.20...
28.07.20...
30.07.20...
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07.08.20...
09.08.20...
11.08.20...
13.08.20

Graph 1. Dynamic of pumping the emulsion
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Fig. 4. WWTP scheme

Fig. 5. Separation of the oil products

NPK nutrients were added to the 1% biological
pool in order to increase the aerobic biomass which
is already existing in the plant for many years. In the
same time in the 2" biological degree poll were
added new environmentally friendly bacteria to in-
crease the efficiency of the biodegradation in the
system where the input COD is 400 mg/I (the limit
COD is 125 mg/l), the waste water inflow is 20 m%h

-

[ ‘&‘ W

Fig. 6. Flotation upgrade of the biological part
of the plant with nutrients

into the poll with volume of 150 m® (Figure 7). The
number of colonies was visually followed on MPN
(most probable number) agar plates. The rough
method gave satisfactory results (Figure 8).

The transfer of semisolid sludge was done in
two ways: by installing new pipe and engaging the
services of company specialized for industrial
cleanings.

Mech. Eng. Sci. J., 36 (2), 187-193 (2018)
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Fig. 8. MPN agar plates

Regular monitoring

Prior to their release in the recipient, all water
flows that occur at the refinery site pass a complete
treatment. Waste water quantities entering the
WWTP are given in the Table 2:

Maw. unoe. nayu. cnuc., 36 (2), 187-193 (2018)

Table 2
Quantity of waste water entering WWTP

Type of waste water Quantity

Industrial waste water around 134 m3/h

around 10 m3/h

Sanitary waste water

depending on the meteorological
conditions

Storm water

The quality of the industrial waste water enter-
ing the waste water treatment facility is shown in
Table 3:

Table 3:
Industrial waste water quality

Parameter Quality

up to 5 000 mg/I

Oily material

Suspended material upto 300 mg/l

BOD upto 250 mg/l
COD upto 250 mg/l
pH-value 75-85

The treated waste water must not disturb the
quality of the recipient, i.e. the Bujkovacka River
(third category water recipient). The treated waste
water released in the recipient has to satisfy the
following requirements (Table 4):

Table 4

Treated waste water quality

Parameter Quality

Oily material up to 15 mg/I
Suspended material up to 35 mg/l
BOD up to 25 mg/I
COD up to 125 mg/I
PH-value 6.5-9.0

The monitoring was conducted according to
the defined quality requirements for the parameters
pH, hydrocarbon (oily materials), COD, suspended
particles into the discharged water. The analyses
were performed internally in OKTA’s chemical la-
boratory. The concentrations of the pollution ele-
ments in the treated waste water deriving are far
lower than the allowed values given by the design
and the legislation.
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Fig. 9. Discharged water sample analyses N17 WWTP

TRANSFERRING THE SEMISOLID
EMULSION FROM THE TANK INTO
THE SLUDGE POOLS AND MIXING

IT WITH SOIL

Extensive mixing with dragger took place in
order to facilitate the aerobic bacteria that are pre-
sent in the oily soil pool for two decades and put in
the other pool as starter culture.

To the sludge on the bottom of the tank (Figure
10), with the already mixed sludge with soil into
T195/3 would apply bioremediation technique on
the basis on microbial degradation of oily fractions,
by mixing it with soil (Figure 11). There the autoch-
thonous cultures together with the specialized one
would convert the soil into nonhazardous according
to the criteria on control parameters which are de-
fined into Rulebook.

Namely, the applied methodology shall be ac-
cording to the best available techniques in EU
(BREF), for which we have contact with reference 1
companies in the region and worldwide. Ly - |

BIOREMEDIATION
(MICRO AND PHYTOREMEDIATION)
ON SITE OF THE HEAVY PART
OF THE EMULSION MIXED WITH SOIL

The planting on site took place in November
with assistance and know-how by the Faculty for
Agriculture and Food — Skopje (Figure 12). There
were planted three types of seeds on 200 m? soil
mixed with hydrocarbons which are expected to
give results in the spring. In parallel, laboratory
samples were conditioned and visually gave good
results due to the seeds germination in controlled

conditions (Figure 13). Fig. 11. ixing with soil

Mech. Eng. Sci. J., 36 (2), 187-193 (2018)
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SRR SUMMARY

!42\5“

7\@(6‘ The water-hydrocarbon emulsion in OKTA

i‘i““é\ was collected in a tank in quantity of approximately
( \>‘ \“ 8000 m3. It was generated while heating the sludge
\ g) Wi - while mechanical treatment on the open sludge

lagoons was done.

The nature of this emulsion shows no possi-
bility for physicochemical separation due to the
strong bonds within and the nature of hydrocarbons
and solids. Three layers are visually distinguished:
heavy hydrocarbon and inorganic sediments at the
bottom, mainly water at the mid, and water and light
hydrocarbon on the top of the tank.

The analyses showed huge variation and there-
fore it is very difficult to give precise and accurate
data, due to difficulty to having a representative
sample. Furthermore, the emulsion has not been
mixed for 1.5 year and some physicochemical
reactions contributed to slow separation.

The volume of 4000 m® emulsion was pumped
and directed into WWTP using appropriate method
and upgrade of biological treatment in the plant by
nutrition and introducing new microbiological

cultures.
Fig. 12: Soil mixed with hydrocarbons The semisolid phase of the emulsion was
transferred into the open lagoons and mixed with
> soil for bioremediation and phytoremediation. The
\ } preliminary finding give satisfactory results.
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KINETIC STUDY OF CATALYZED PYROLYSIS OF POLYOLEFINES
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Abstract The aim of this work is to provide knowledge on catalytic degradation of waste mixture of high
density polyethylene (HDPE) and propylene (PP) by thermogravimetric analysis (TGA). All experiments have been
conducted in temperatures range 293-873 K, utilizing heating rates of 3, 5, 7, 10 and 20 Kmin™. TG experiments have
shown the efficiency of different amounts of ZSM-5 catalyst in polyolefin degradation. The obtained TG curves indi-
cate that catalytic process of pyrolysis occurs in one-step degradation. The apparent Kinetic parameters such as activa-
tion (E.) energy and pre-exponential (4) factor have been determined using an integral iso-conversion Flynn-Wall-
Ozawa model free method.

Key words: non-isothermal kinetics; thermal degradation; kinetic parameters; model free methods

KHMHETHWYKA CTYAU]JA 3A KATAJIN3UPAHA ITMPOJIN3A HA ITIOJIMOJIE®GMHHA

AmncrtpaxkT: llenra Ha oBaj Tpya e co TepMmorpaBumerprcka aHanmsa (TGA) na 06e30e1u 3HaeHE 3a KaTaiu-
THYKa JIeTpajanyja Ha cMecaTta Ha OTMamoT oj moiueTwieH co Bucoka ryctuHa (HDPE) m mpormmnen (PP). Cure
eKCIIEPUMEHTH Ce CIIPOBeIeHH Ha TemriepaTypu ox 293 no 873 K, kopucTejku cranku Ha Tpeewe o 3, 5, 7, 10 u 20
Kmin, TI-ekcnepuMenTHTE MOKakaa epUKACHOCT Ha PasiMdHM KOJIMYMHM KaTtaiuzaTop ZSM-5 Bo nerpazanuja Ha
nommoneduH. Jlobuennre TI” kpuBH yKkakyBaaT Ha Toa Jieka KaTAINTHYKHOT MPOIIEC Ha MUPOJIN3A CE jaByBa BO €/ICH
uekop Aerpajaiyja. [IpHBHIHATE KUHETHYKH TTApAMETPH KaKO IITO CE aKTHBalMOHa eHepruja (Eq) U npe-eKCIoHeH-
uujasieH daktop (4) ce ompeeseHn co KOPUCTEe Ha HHTErpajieH H30KOHBep3roHeH Metoa Ha Flynn-Wall-Ozawa co

C70001€H MOJIEN.

K.]'ly‘lHI/I 360[)03": Hen3oTepMaJsiHd KHHETUKA, TEpMUYKaA AeraﬂaL[I/Ija; KHUHETHUYKH [IapaMeTpPH;

MEeTOAHU Ha CHOGOAGH Mozaes1

1. INTRODUCTION

Petroleum is still the main source of liquid
fuels, but its reserves are declining. Nowdays, the
most promising resource for fuel production is the
waste plastic, because of its high heat of combustion
and increasing availability in local communities [1].
The conversion methods of waste plastics into fuel
depend on the type of plastics, because this process
requires feedstocks which are non-hazardous and
combustible [1]. This waste is mainly produced by
households and consists mainly of four polymers:

polyethylene (PE), polypropylene (PP), polystyrene
(PS), and polyvinylchloride (PVC). So far, the
waste is manly dumped or incinerated, but these op-
tions are forbidden in some countries [2]. A proper
high-temperature pyrolysis process resolves the dis-
posal problems and also recovers energy from the
waste [3]. Pyrolysis is an endothermic process
where polymers are decomposing to the small mol-
ecules in absence of oxygen. The most important
parameters that control the process of pyrolysis are
temperature, heating rate, time of reaction and pres-
sure. Catalysts are used to increase the reaction rate
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and decrease the operating temperature of the pro-
cess [4]. For different type of plastics different cat-
alysts are used, such as FCC [5], zeolites, ZSM-5 [7,
8], silica, alumina [9], basic catalysts [10] and many
others. The type of reactor used is also very im-
portant for successful pyrolysis of plastics. Reliable
data such as hydrodynamics, heat transfer, and ki-
netics are necessary for the optimal design and op-
eration of pyrolysis reactors. Therefore, the know-
ledge on kinetics of pyrolysis is important in pro-
bing degradation mechanisms as well as in pre-
dicting the thermal stability of polymer waste [10].
For a better understanding of pyrolysis, thermograv-
imetric analysis is often applied (TGA) [11]. The
polyolefins (polyethylene and propylene) decom-
pose into a number of olefins and paraffins without
a residue [12]. The obtained experimental TG data
are suitable for subsequent kinetic calculations [13,
14]. There are various suggestions for calculation of
the Kinetic parameters of polymer degradation.
Model-fitting and model free methods are the most
used in determination of kinetic parameters from
non-isothermal TG data. The first methods requires
an assumption of a reaction model before activation
energy and a frequency factor can be interpreted.
Calculated activation energy is an average value for
an entire conversion level, and single heating rate is
used for non-isothermal conditions. On the other
hand, the model free method has no need for the pre-
sumed reaction model. This method allows a varia-
tion of the activation energy with respect to both the
temperature and the extent of conversion for an in-
dependent model. The advantage of the model-free
analysis is founded on its simplicity and on the
avoidance of errors connected with the choice of a
kinetic model [15]. Polyethylene and polypropylene
are in significant quantities in municipal plastic
wastes. A lot of attempts have been made to identify
the reaction model of the polyethylene and polypro-
pylene pyrolysis [16, 17].

The purpose of this work is to investigate the
kinetics of catalytic decomposition of waste mixture
of high density polyethylene (HDPE) and polypro-
pylene (PP). Our previous investigation has shown
that the pyrolysis of this mixture into liquid and gas-
eous fuels proceeds with high efficiency under cer-
tain reaction conditions. The catalyst employed in
this work was ZSM-5 zeolite, and non-isothermal
TGA experiments were performed at several linear
heating rates, in the temperature range of 30—700°C.
The Flynn-Wall-Ozawa model-free non-isothermal
method was used to calculate activation energy (Ea)
and pre-exponential factor (A).

2. EXPERIMENTAL
2.1. Materials

Commercial mixture of high density polyeth-
ylene (HDPE) and polypropylene (PP) waste was
investigated. The samples were re-granulated in
form of 5-6 mm pellets. The melting temperature of
HDPE+PP mixture, as determined by DSC, was 400
K and 436 K, respectively. The employed catalyst
was ZSM-5 with ratio of SiO, : Al,O3=23:1 in pow-
der form, with surface area 425 m?g*. The catalyst
was purchased from Alfa Aesar Gmbh & Co KG
with high purity grade.

2.2. TGA procedure

The kinetic analysis of samples with catalyst
was performed by thermogravimetric Perkin Elmer
TGA Diamond analyzer. 11 mg of the sample was
placed in a ceramic pan on the sample holder of the
balance. All samples were pyrolyzed in the temper-
ature range from 30 to 700°C in nitrogen atmos-
phere. The volume flow of N, was 3.5 | mint. The
experiments were carried out in non-isothermal
conditions at heating rates of 3, 5, 7, 10 and 20
Kmin=. The weight loss data were recorded as a
function of time and temperature using the Pyrys
software of the instrument.

2.3. Theoretical background

Generally it is assumed that the rates of con-
version during polymer degradation are propor-
tional to the concentration of reacted material. The
rate of conversion follows Arrhenius equation:

—Eg
== Aewr f(a), (1)
where E, (kJ mol™?) is the activation energy, the pre-
exponential factor is A (mint), and the gas constant
is R (8.314 J mol-K™).

Conversion, «a, is normalized form of weight
loss data of decomposed sample and is defined as:

_ Mo—my
a= mo-my’ (2)
where: mq is the initial mass of the sample, m; is the
actual mass of sample after “t” minutes (mg), and ms
is the final mass of sample after pyrolysis (mg).
The expressions of conversion function f(a)
are used for describing solid-state reaction, hence
many authors restrict the mathematical function

fl@=0a-nm" 3)

where n is order for solid-state reactions.
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2.4. Mass loss kinetics as determined by the
Flynn-Wall-Ozawa (FWQO) method

The reaction rate in logarithmic form in inte-
gral iso-conversional Flynn-Wall-Ozawa method
[18, 19], using Doyle’s approximation [20], can be
expressed as:

Ing; =In

Falla 53371 _1,052-L2
Rg(a) RTq;

(4)

The activation energy (E.) is calculated from a
plot of natural logarithm of heating rates, Ing;,
versus 1000/ Tai, which represents the linear relation
for any constant value of the conversion «, recorded
at different heating rates £ The activation energy,
E. is calculated from the slope —1.052 E4/R of Eg.

(4).

3. RESULTS AND DISCUSSION
3.1. Thermogravimetric analysis

Catalytic decomposition of commercial mix-
ture of HDPE and PP with different amounts of
ZSM-5 catalyst, at the lowest heating rate (3 K min),
are shown in Figure 1. It is evident that the catalytic
degradation of HDPE and PP mixture, under nitro-
gen atmosphere, takes place most rapidly. From
Figure 1 it is evident that pyrolysis of a raw mixture
and ZSM-5 catalyst exhibit single-step degradation.

12 TGA3,Kmin*

As can be seen from the plot, the small amount
of ZSM-5 considerably decreased the initial temper-
ature of reaction, which could be ascribed to the
Bronsted acid sits that can remarkable promote the
cracking reaction of polyolefines [21-23].

3.2. Kinetic analysis

The obtained data from thermogravimetric
analysis recorded under non-isothermal degradation
were evaluated according to the model-free integral
Flynn-Wall-Ozawa (FWO) method. The kinetic pa-
rameters, activation energy E., pre-exponential fac-
tor A and linear correlation coefficient (R?) were ob-
tained. The kinetic parameters such as E, obtained
by FWO method was calculated according to eq.(4)
for a given value of conversion, a in range of 0.05
to 0.9 (Table 1). According to the iso-conversional
method, the Kinetic parameters are dependent on the
extent of conversion [25, 26].

From Table 1 it is observed that FWO method
gives reasonable values of activation energy and
correlation coefficient for all samples with different
amount of catalyst. Until the value of a = 0.1, the
obtained values are slightly differing from each
other, but increasing the extent of conversation (o =
0.1 — 0.9) increases the difference between calcu-
lated E, for all samples (Table 1).

Thus, the average E, of 195.58 kJ mol* decre-
ases to 159.5 kJ mol? by adding ZSM-5, which
shows the significant influence of this catalyst on
the activation energy.

Table 1

Calculated values for E, and R? catalytic pyrolysis
of waste mixture with ZSM-5 catalyst determined
by FWO method

20 oz HoRE PP 2% ZSM-5 5% ZSM-5 8% ZSM-5
e o b HDPE. PP HDPE. PP HDPE. PP

0 Ea Ea Ea

300 350 400 450 500 ¢ kJ mol- = kJ mol-! = kJ mol- e

T,°C

Fig. 1. Catalytic decomposition of HDPE and PP waste
mixture with different amounts of ZSM-5 catalyst

The mass loss for samples with 8% ZSM-5
started at 641 K for a heating rate of 3 Kmin™,
which corresponds with onset temperature of poly-
olefin mixture and ZSM-5 catalyst. The same tem-
peratures for samples with 5 wt% and 2 wt% ZSM5
catalyst are 644.3 K and 658.3 K, respectively for,
the same heating rate.

Maw. unoie. nayu. cauc. 36 (2) 195-199 (2018)

0.05 137.13 0.954 139.33 0.794 138.34 0.959
0.1 152.27 0.975 149.75 0.949 147.49 0.962
0.2 168.27 0.992 15821 0.961 144.26 0.959
0.3 183.18 0.988 171.46 0.971 141.43 0.990
04  206.49 0.954 19059 0.978 151.77 0.985
0.5 210.33 0.969 207.35 0.977 158.67 0.985
0.6 23553 0.969 217.93 0.960 161.78 0.982
0.7 22351 0.958 217.73 0.951 164.17 0.978
0.8 227.61 0.974 194.77 0.959 164.06 0.974
0.9 21854 0.976 194.92 0.953 165.99 0.970

average 195.58 184.21 159.52
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The FWO plots depicted in Figure 2-a; 2-b and
2-c show the plot of 1/T against In § to calculate the
activation energy E, and pre-exponential factor. The
samples of the largest amount of catalyst (8 wt%)
have the lowest value of E,. Reducing the amount of
catalyst from 8 wt% up to 2 wt% results in increas-
ing the values of E..

2 TGA 3,Kmin*t

1y

—— 2%ZSM-5, HDPE, PP
— 5%ZSM-5, HDPE, PP
8% ZSM -5, HDPE, PP

158

186 | FWO- 5% ZSM-5; HDPE, PP
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Fig. 2. Dependence Ing = f(1/T) at different degrees
of conversion o for a mixture of HDPE and PP
and different amounts of ZSM-5 catalyst

The series of Ea values were determined
from the slopes of each straight line obtained from
different heating rates (3 — 20 Kmin™) for
defined a (Table 1). The calculated values of
pre-exponential factor A (for n = 1), obtained by
substituting the obtained value of Ea back into
the intercept of Y axis are summarized in Table
2.

Table 2

The obtained values of pre-exponential factor 4
[min™] of catalytic pyrolysis of waste mixture with
ZSM-5 catalyst determined by FWO method

2% ZSM-5 5% ZSM-5 8% ZSM-5
HDPE. PP HDPE.PP  HDPE. PP

" A A A
min! min! min!
0.05 7.63E+11  2.17E+12  1.38E+12
0.1 4.39E+12 1.76E+13 3.03E+13
0.2 2.12E+14 1.13E+14 7.90E+14
0.3 1.73E+12 1.44E+15 1.39E+16
0.4 1.19E+13 4.93E+16 1.12E+18
0.5 4.48E+13 1.06E+18 4.92E+19
0.6 8.77E+13 7.44E+18 2.16E+20
0.7 1.52E+14 7.76E+18 2.54E+19
0.8 1.74E+14 1.42E+17 7.25E+19
0.9 2.89E+14 1.51E+17 1.73E+19
average 9.78E+13  1.66E+18  3.82E+19

It is evident that in FWO method there is a var-
iation of the kinetic parameters with extent of con-
version, for an independent model [16, 17] (Table 1,
Figure 3).

240
[ ]
° [ ]
220 PY ° °
* 3
o 20 o o
)
£ [ ]
iy
= 180
&
* e © o °
160 ° °
. [}
mw; @ [}
@ 2% ZSM-5, HDPE, PP
@ 5% ZSM-5, HDPE, PP
@ 8% ZSM-5, HDPE, PP

120
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

o]

Fig. 3. The variation of Ea values with extent of conversion
for FWO method
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The variation in E, for the sample pyrolized
with 2% catalyst is 98.5 kJ mol2, for that one with
5% ZSM-5 in 78 kJ mol? and for the with 8%
catalyst in 28 kJ mol. These changes in the E, of
the reaction are due to the multi-step processes
(melting or recrystallization during the reaction)
and complex processes described by solid state
reaction, or reversibility of the current mechanism
of reaction.

4. CONCLUSION

The catalytic degradation of waste polymer
mixture of HDPE and PP into valuable products
(liquid and gaseous) was found to be a useful met-
hod of managing plastic waste. The results of TGA
indicate that the ZSM-5 improved the polymer
degradation. The apparent kinetic parameters were
evaluated using Flynn-Wall-Ozawa iso-conversion
method. The pyrolysis process performed by 8 wt%
ZSM has the lowest value of Ea=159.5 kJ mol".
The kinetic parameters, activation energy and pre-
exponential factor vary with the extent of conver-
sion for FWO method.
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A b stract: Nowadays, humanity is facing a major controversy over the choice of appropriate technology of
soil tillage. It is the time that is required an intelligence choice between conventional technologies (classical) for seed-
bed preparation, assuming an intense mechanical processing of soil, which affects soil structure and soil organic matter,
and the conservative tillage technologies for seedbed preparation, which removes these disadvantages in terms of an
accepted decrease of the production [1]. Seedbed preparation for crop establishment (sowing) is one of the most im-
portant agricultural works, as is done with high energy consumption and high costs. The quality of this work influences
in large measure the germination of crop and the productivity that can be obtained per hectare. Therefore, at present,
there is different equipment from the ones found in classical cultivation technologies, which in single pass can achieve
tillage with minimum energy consumption, thus creating optimal conditions for sowing and for obtaining higher yield
without soil degradation [2]. These devices are called combinators. Of all the existing combinators, most performant
are the vibro-combinators. The advantages of using vibro-combinators are: required preparation of seedbed in difficult
working conditions and preservation of moisture and total porosity and reducing of soil compression degree. Such
important factors can ensure fast, uniform and early germination of seeds, these requirements standing at the basis of
abundant harvests. Advanced methods of statistical analysis (univariate three-way ANOVA and multivariate analysis,
PCA, Manova and HCA) began to be successfully used in recent years for the study of soil behavior at the interaction
with the working bodies. In order to carry out the research, we settled three parcels in the plains of the west of Romania
so that we could have there different types of soils which are representative for that specific area. From each profile
was collected soil samples in three steps of 6, 12 and 18 cm. For each sample were performed six repetitions (N = 6).
We started by measuring the particle size distribution (granulometric composition) and the main physical properties of
the soil (moisture, bulk density, total porosity and soil compression degree).

Key words: vibro-combinator; soil tillage; bulk density; total porosity; compression degree

MNPOLEHA HA BJIMJAHUETO BP3 )KUBOTHATA CPEJIMHA HA YIIOTPEBATA
HA BUBPO-KYJTUBATOPHU 3A OBPABOTKA HA ITOYBATA

A mcTpax 1 JleHec YOBEHITBOTO CE COOYYBa CO IOJEMH KOHTPOBEP3H OKOJY M300pPOT Ha COOJBETHA
TexHoyoruja 3a oOpaboTka Ha mouBaTa. M360poT Tpeba aa ce U3BPIIM MOMery KOHBEHIIMOHAJIHUTE TEXHOJIOTHH 32
MOJIrOTOBKA Ha MOYBaTa 3a cenaba, 3eMajKu MPEeABU/I JeKa Ce BPIIK WHTEH3WBHA MeXaHM4IKa 00paboTKa Ha IoYBara
KOja BiMjae Bp3 CTPYKTypara Ha MOYBaTa M OPraHCKaTa MaTepuja BO Hea, W KOH3EPBATUBHUTE TEXHOJOTHH 3a
o6paboTyBame Ha ModYBaTa 3a ceuadata, 3a Jja ce CIpedd HamanyBame Ha mpom3BoacTBoro [1]. IToaroroBkara Ha
rmoyBara 3a ceuada € eIHa OJ HajBaKHUTE 3eMjOJICIICKH PaboOTH, Koja Oapa rojieMa €Hepruja W BUCOKH TPOIIOIH.
KBanureror Ha oBaa paboTa BiIMjaHe BO rojieMa Mepa Bp3 "PTEHETO Ha KYJITYPUTE M CO TOA U Ha IPUHOCOT 10 XEKTap.
JleHec nocTou pa3inyHa oipeMa o OHaa IITO Ce KOPHCTea IpH KilacHuHata 00paboTKa Ha Mo4YBaTa, Co K0ja 3a KpaTKo
BpeMe [T0YBaTa MOXe 1a ce 00paboTh co MUHMMAJIHA TOTPOILYBaYKa HA SHEprHja i Ja Ce CO3/1a/laT ONTHMAIHHU YCIOBU
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3a ceeme W 3a JOOMBame IOroleM IpUHOC Oe3 NpuToa mouBaTa na ce aerpagupa. OBue ypemu ce HapeKyBaaT
kynaruBatopu. OJ cHTE IOCTOJHM KyJITHBAaTOPH HajIIPOIYKTHBHH ce BHOpo-KyiTHBaTopuTe. [IpemHocTnTe Kom ce
MIOCTUTHYBAAT CO KOPHUCTEH-E Ha OBHE KyJITHBATOPH Ce: MOATOTOBKA HA II0YBATa 3a cen/0a BO TEIIKH YCIIOBH 3a paboTta
U 3a4yBYBamb¢ Ha BllaraTa W BKYIHATa MOPO3HOCT Ha IOYBATa, KaKO M HAMalyBame HA CTENICHOT HAa KOMIPECHja.
BaksuTe BakHU (hakTopu MOKaT 1a 06e30enat Op30 U paHO HUKHYBambE Ha MOCEBOT, IITO MaK € YCJIOB 3a 100pa KeTBa.
3a mpoy4yBame Ha OJJHECYBAETO Ha [I0YBATA BO HHTEPAKLHMja cO pabOTHATa ONpeMa BO MOCIIEAHO BpeMe YCIICIITHO ce
KOPHCTAT HaIllPeJHUTE METOIM Ha CTATUCTHYKATa aHANU3a. 32 []a CIPOBEAEME TAKBO HCTPAXKYBabe, ONPEICIUBME TPH
IapIieNy BO paMHUHUTE HA 3amajgHa PomaHMja Taka Ja MMame TpH pasiudHU BuaoBH mousa. Ox cexoj mpodui Gea
3eMEHH IPUMEPOIH Ha II0YBa Ha JyrabounHa ox 6, 12 u 18 cm. 3a cexoj mpuMepok Oea H3BeIeHH MIECT HOBTOPYBamba.
I'o MepeBMe TpaHyITOMETPHCKHOT COCTAB U INIaBHUTE (PU3UUKHU CBOjCTBA HA ITOYBATA.

Knyunn 36opoBu: BuOpo-KynTHBaTOpH; 00paboTka Ha MOYBA; T'YCTHHA, IIEJIOCHA IIOPO3HOCT; CTEIIEH Ha KOMIIpECHja

AIMS AND BACKGROUND

The paper presents a study on the optimization
of working regime of vibro-cultivators based on en-
vironmental impact assessment for use in seedbed
processing. Study presents a method to determinate
some physical and mechanical properties before and
after soil tillage works of aggregates consisting of
tractor and vibro-cultivators, in three parcels in the
plains of the west of Romania.

Vibro-cultivators are machines for seedbed
preparation. They are equipped with tools sustained
by elastic suspension. The elasticity of supports fa-
cilitates the oscillations of working tool — elastic
support assembly. This set has a natural mode shap-
es which corresponds to a natural frequency of
vibrations [3].

Modern agricultural operations now demand
the utilization of a wide variety of equipment and
specialist machinery systems, with many having ro-
tary elements such as axles, gears, pulleys etc. With
these agricultural machinery systems which have
rotary elements, uncontrolled vibrations may be-
come an important problem to consider. When the
initial ‘switch-on’ frequency meets with the natural
frequency of a machine element in the system, un-
desired noise, high levels of vibrations and mechan-
ical failures may occur during operation [4, 5].

Generally, combinators (Figure 1) consist of a
vibro-cultivator (A) — cultivator for total processing
of soil), composed of: frame (1), coupling device at
the power source (2), wheels for limiting of working
depth (3), soil loosening bodies (4), and a helix
harrow (B), which consists of frame (5), two rodro-
tors (6), and horizontality adjustment system (7).
Worldwide, more and more prestigious companies
have incorporated into the range of products such
vibro-combinators.

Deep tillage tools are one of the primary com-
ponents of agricultural equipment which experience

high level soil reaction forces during tillage opera-
tions. These forces may cause plastic deformation
or failure which is undesirable for tillage ma-
chines/tools. The active tillage elements of agricul-
tural machineries require extensive studies in order
to obtain a proper soil fragmentation and displace-
ment [5].

&

Fig. 1. General scheme of a vibro-combinator [6, 7]

EXPERIMENTAL

In order to obtain a global image on the impact
of the new vibro-combinator (the prototype
SANDOKAN 2) (Table 1) in terms of the physical-
mechanical properties of the soil, it was necessary
to determine its properties before the passage of the
equipment (in the state of the soil), and after its pas-
sage on all the three parcels and trials. These parcels
will be suggestively named: soil 1, soil 2 and soil 3;
and the three types of active elements (Gamma,
Delta 1 and Delta 2) (Figures 2 and 3).

The physical properties were determined by
using the method of the cylinders with a constant
volume of 100 cm?, carrying out six repetitions at
different depth, from 6, 12 and 18 cm (Figure 4).
The methods of analysis and interpretation of the re-
sults as well as the work procedure for the determi-
nation of the physical-mechanical properties are
those indicated in the specialized literature [8, 9].
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Table 1

Main characteristics of the prototype
vibro-combinator SANDOKAN 2

I;lrct).. Characteristics MU Values
1 Mass kg 5670
2 Length in transport m 6.6
3 Height in transport m 3.9
4 Width in transport m 293
5 Width of the Gamma active parts, reversible

chipper type mm 35
6 Width of the Delta 1 active parts, arrow type mm 150

7 Width of the Delta 2 active parts, arrow type mm 250

DELTA 2

Fig. 2. The prototype vibro-combinator SANDOKAN 2
equipped with the three types of active elements
(GAMMA, DELTA 1, DELTA 2)

DELTA 1 DELTA 2 GAMMA

Fig. 3. Geometrical models for the three active elements [5]
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Fig. 4. Placement of the sampling rings
on different depth stages

Statistical analysis. All data were subjected to
univariate three-way analysis of variance (ANOVA,
P = 0.05) and done with KyPlot (Kyplot Version
5.0.2, http://mwww.kyplot.software.informer.com)
[10]. The ANOVA factors were: soil (soil type), h
(depth), device (active element) and their three or-
der interaction. The means pairwise comparisons
were investigated by Tukey’s post-hoc test (P =
0.05). Multivariate analysis: principal component
analysis (PCA) was performed with P.A.S.T. ver-
sion 3.04 statistical software (Palaeontology Statis-
tics, Copyright Oyvind Hammer and D.A.T. Harper
(November 2014), http://folk.uio.no/ohammer/past/)
[11].

RESULTS AND DISCUSSION

When analyzing the granulometric curves pre-
sented in Figure 5 and Table 2, one can notice the
fact that there was a sandy-clay-dusty texture in
soils 2 and 3 encompassed in the experiment at a
participation quota that scarcely varies, with the
exception of the 1st soil where the particles size
distribution is different: clay-dusty-sandy texture

Sand Dust Clay
Granulometric soil fractions

Fig. 5. Granulometric curves analysis of the soils
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Table 2

Average values of the granulometric analysis
at different depths of prelevation

Tvpe Depth of Values of the granulometric
ofyfoil prelevation analysis (%)

(cm) Sand Dust Clay

6 26.2 28.6 44.8

S(()sli_) 1 12 268 287 443

18 274 28.7 444

6 35.7 30.2 34.5

S(()Slé_)Z 12 35.1 30.2 34.8

18 35.1 30.1 34.7

6 434 27.8 28.5

Sos'é- 3 12 432 28.1 28.7

(S3) 18 43.2 285 259

From the analysis of the values gathered for the
participation quotas of the granulometric fractions,
we could infer some interesting differentiations
among the three types of soil in which we tried the
vibro-combinator, as follows:

o All the three types of soil that we tried on the
vibro-combinator are a relatively close mix,
but in different proportions among the three
granulometric fractions;

e The sand fraction (gravel + fine) is predom-
inant in the soil 3 (43.2 %);

e For the dust fraction (I + Il), the differences
among the three types range only for 2%, the
highest value being registered on the soil 2
(30.1 %);

e The participation quotas of the clay granu-
lometric fraction are among the biggest,
varying between 28.7 % (soil 3) and 34.7 %
(soil 2), and reaching 44.5 % for soil 1;

e The dust granulometric fraction is almost
constant for all three types of soil.

To synthesize more efficiently the data taken
and to be able to describe completely the intrinsic
characteristics of the sample, it was chosen a statis-
tic processing with the aid of the program KyPlot
[10]. The results obtained are given in Tables 3 and
4, having as a purpose to underline the variance of
bulk density, soil moisture, total porosity and soil
compression degree, and comparative with each
types of soils and three active elements (Gama,
Delta 1, Delta 2). Thus, for each types of soils
included in the experiment resulted in eight
statistical indicators for each technical work use a
new vibro-combinator, but also witness sample. The
mechanical processing of the soil through tradetio-
nal and modern methods is currently put under ques-
tion due to the high energy consumption and the
continuous degradation of the arable horizon thro-
ugh erosion and excessive compaction.

It is known that the bulk density varies be-
tween 1-2 g/cm?®, according to the type soil and
horizon, being generally lower in the case of the
soils rich in humus and in the structured soils as
compared to the unstructured soils. The values of
the bulk density are in tight correlation with the
degree of settlement of the soil. The high bulk
density means a decrease of the capacity to retain
water, of the permeability, of aeration and an
increase of the mechanical resistance opposed by
the soil during its sampling. On the contrary, low
bulk densities can reduce the bearing of the soil,
making difficult the mechanized execution of the
works, even the driving of the operation machinery
[13, 14, 15, 16].

By analyzing the values of total porosity, we
can say that for the 1st type of soil we noticed an
increase of the total porosity from 40.19 %, which
represents the initial state of the soil, to 44.36 %
(value obtained after the working of the soil with the
vibro-combinator equipped with Gamma elements),
45.64% (with Delta 1 elements) and 45.71% (with
Delta 2 elements).

The degree of settlement for the 1st type of soil
presents values > 18%, which means that the soil is
strongly settled for all levels of depth and after the
passage with the three types of active elements of
the cultivator.

The values gathered for the 2nd type of soil
varies from weakly settled (1...10%) to moderately
settled (11...18%). However, it is important to spec-
ify the fact that the lowest values of the degree of
settlement appeared after preparing the germination
bed with the aid of the active elements Delta 2.

In the case of the 3rd type of soil, we had neg-
ative values for this mechanical index of the soil at
all depth, especially for the types of active elements,
which means there is a soil moderately loose
(-17...-10%) — fact that can be explained by the
fact that this parcel has been annually worked.

Analyzing the influence of the active elements
on the different types of soils, some conclusions can
be made (Table 3 and Figures 6-10):

¢ In terms of bulk density values (Da), the lowest
value is found on all soil types (S1, S2, S3)

when working with the active elements Delta 2;

e The total soil porosity has maximum values
when the vibro-combinator is equipped with
the Delta 2 active elements, logical situation
due to the existing relation to density and
porosity;

o Soil moisture values reach peak values after
processing with Delta 2 to S1 and S2, and in

S3 the maximum value of soil moisture is

reached after processing with Delta 1;

¢ The soil compaction degree has a similar humi-
dity variation, namely: minimum values for S1
and S2 using Delta 2 and in S3 following the

use of Delta 1.
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Table 3

Results for the soil physical and mechanical properties (values are expressed as mean + standard

deviation) for the interaction factor Soil*Device (CTRL, Gama, Delta 1, Delta 2)

Soil*Device . Soil .Bulk Tgtal Soi_l Water
moisture (%)  density (g/cmq) porosity (%) compression (%) retention (m?ha)
S1.CTRL 19.56h +2.60  1.68a +0.09 35.45f £3.48 32.17a +6.60 423.66e +230.12
Sl.Deltal 17.48i £5.34 1.48c £0.05 43.08d £1.98 17.56¢ +3.74 351.98f £218.78
S1.Delta 2 23.69g £1.71  1.47cd +0.06 43.48cd +2.28  16.79c +4.33 436.40de +224.70
S1.Gama 17.48i +1.02 1.59b +0.18 38.85e +6.83 25.66b £13.04 350.94f £183.72
S2.CTRL 28.72c +4.93  1.47cd +0.03 43.56cd +1.14  14.00cd +2.28 543.61b +300.88
S2.Delta 1 27.25f £4.14 1.42de +0.06 45.48hc +2.35 10.20de +4.67 498.61c +271.64
S2.Delta 2 29.19b +4.42  1.40e £0.08 46.35b £3.24 8.50e +6.42 528.84b +298.40
S2.Gama 29.72a £6.30 1.44cde £0.04  44.62bcd £1.61 11.91de +3.22 563.18a £328.87
S3.CTRL 28.06de +5.93  1.22f +0.02 53.21a +0.93 -7.45f +1.62 447.86d +266.47
S3.Delta 1 28.26d +6.01  1.19f +0.02 54.46a £0.94 -9.97f +1.66 439.36de +262.04
S3.Delta 2 27.86e +5.85  1.17f+0.02 55.03a £0.91 -11.14f +1.59 427.21e +253.89
S3.Gama 28.06de +5.93  1.20f £0.02 53.83a +0.89 -8.70f £1.56 433.29de +257.97
Table 4

Results for the soil physical and mechanical properties (values are expressed as mean standard deviation)

for the interaction factor h*Device (CTRL, Gama, Delta 1, Delta 2)

h*Device . Soil _Bulk Tgtal Soi.l Water

moisture (%) density (g/cmd) porosity (%) compression (%) retention (m3/ha)
06.CTRL 19.82i +2.73 1.40cd +0.16 46.36de £6.02 8.58cd +13.78 164.47f+20.79
06.Delta 1 17.68k £5.42 1.31fg £0.11 49.74ab +4.33 1.98fg £10.55 136.349+38.22
06.Delta 2 22.23h £1.30 1.299 +0.12 50.50a +4.57 0.48g £11.04 172.06f £22.18
06.Gama 19.56j +2.43 1.34efg £0.12 48.53abc +4.74 4.37efg +11.23 155.02fg+18.05
12.CTRL 26.11f +4.33 1.48ab +0.22 43.17fg +8.34 14.75ab +18.16 454.72d +54.87
12.Delta 1 25.749 £4.15 1.38cde +0.14 46.98cde +5.51 7.40cde £12.67 421.79e +59.70
12.Delta 2 26.86e +2.79 1.36def +0.14 47.87bcd £5.27 5.66def £12.15 435.29e +54.18
12.Gama 25.739 £6.10 1.43bc +0.21 45.03ef £8.02 11.15bc +17.30 430.53e +92.09
18.CTRL 30.40b £5.95 1.49a +0.21 42.68g +8.21 15.39a +18.29 795.94a +89.46
18.Delta 1 29.58d £5.67 1.40cd +0.14 46.29de £5.50 8.41cde £13.11 731.82c +94.82
18.Delta 2 31.66a+4.18 1.39cde +0.15 46.49cde 5.97 8.01cde +14.04 785.11a +83.48
18.Gama 29.96¢ +8.25 1.46ab +0.22 43.73fg +8.44 13.35ab +18.56 761.87b+168.46

Interaction Plot for Total Porosity (%)
Data Means
6 1z it
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40

56
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Deltal Delta2 Gama
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-4 - Delta2
—a&- - Gama

Fig. 6. Interaction plot for total porosity (from three-way ANOVA) for soil types (factor Soil), depth (factor h)
and active elements (factor Device)
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Interaction Plot for Compaction Level (%)
Data Means
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Fig. 7. Interaction plot for compaction level (from three-way ANOVA) for soil types (factor Soil), depth (factor h)
and active elements (factor Device)
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Fig. 8. Interaction plot for soil density (from three-way ANOVA) for soil types (factor Soil), depth (factor h)
and active elements (factor Device)
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Fig. 9. Interaction plot for soil humidity (from three-way ANOVA) for soil types (factor Soil), depth (factor h)
and active elements (factor Device)
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Interaction Plot for Water Retention (m3/ha)
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Fig. 10. Interaction plot for compaction level (from three-way ANOVA) for soil types (factor Soil), depth (factor h)
and active elements (factor Device)

e Bulk density (Da) records minimum values
when using Delta 2 for all three depths (6 cm,
12 cm, 18 cm);

¢ Total porosity has an inverse variation such as
that of bulk density: the highest values are
found for all three depths when working with
Delta 2;

¢ Soil moisture values respect the same law that:
for all three depths the maximum value occurs
after processing with Delta 2;

e The soil compaction degree has a similar varia-
tion, that is, the smallest values are recorded at
all depths when working with Delta 2,

¢ When working with Delta 2 active elements,
all physico-mechanical soil indicators have
optimal values regardless of working depth.

e The same legality is preserved (with few
exceptions) and when analyzing the impacts of
the active organ of the vibro-combinator on the
soil types contained in the experimental field.

Multivariate analysis

To evaluate the vibro-combinators soil tillage
performances were studied the variables: bulk den-
sity (g/cm?), total porosity (%) and soil compression
(%). To evaluate the soil environmental impact of
the vibro-combinators were considered the varia-
bles: soil moisture (%) and water retention (m3/ha).
In order to assess simultaneously the vibro-combi-
nators soil tillage performances and environmental
impact, was involved the multivariate analysis:
principal component analysis (PCA) and multivari-
ate analysis of variance (MANOVA, P =0.05). The
PCA and MANOVA were done separately for each
soil types S1, S2 and S3. The PCA method involved

Maw. unoe. nayu. ciivc., 36 (2), 201-211 (2018)

as input data the variables correlation matrix and be-
tween sample groups algorithm. The MANOVA al-
gorithm used as input data the first two principal
components (PCs) coordinates of the group sam-
ples. The group samples were described by the in-
teraction factor Device x h (i.e. active elements x
depth).

Statistical results for PCA for soil types are
presented in Table 5. For all soil types the first two
PCs present eigenvalues greater than unity and a cu-
mulative percentage of explained variance greater
than 95.0%. Due to this reason these PCs are suffi-
cient to describe the experiment with statistically
significance.

Table 5

Principal components analysis statistics for soil
factor (PC represents the principal component)

S1 PC Eigenvalue % variance
1 3.578 71.567
2 1.258 25.166
3 0.163 3.2669
4 1.22E-05 0.0002
5 5.49E-09 1.10E-07
S2 PC Eigenvalue % variance
1 4.380 87.614
2 0.585 11.710
3 0.033 0.673
4 0.0001 0.002
5 6.86E-06 0.0001
S3 PC Eigenvalue % variance
1 4.239 84.793
2 0.743 14.877
3 0.0158 0.3172
4 0.0006 0.0120
5 4.01E-05 0.00080181
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The PCAs biplots gathers in the same graph-
ical representation the samples scores and variable
loadings (Figures 11-13). The sample groups are
marked by points inside a convex hull and the vari-
ables are represented by vectors with the staring
points in the coordinate system origin. The variable
vectors end points show the direction that describes
the highest abundance (or levels) of the correspond-
ing variables. This means that the group samples
placed in the one vector direction (marked by its end
point), have high abundance/level of that variable.
When the sample groups are placed in the opposite

direction, they have the lowest abundance/levels for
that variable.

Analyzing Figures 11-13, for the soil type S1,
the PCA biplot prescribe (Tables 6-7).

Analysing Figure 13, for the soil type S3, the
PCA biplot prescribes that the best performance for
soil tillage and environmental protection have all
the active elements Delta 1, Delta 2 and Gamma for
6 cm depth. However, at other depths the studied
active elements are producing environmental dam-
ages of soils that have the same properties as S3.

2.0+

1.5

Deuaz.1z.@> 9

1.0+

Delta2.8.

2.18.51

Ita1/18.51

Component 2

Component 1

Fig. 11. Principal component analysis (PCA) biplot for different depths (factor h) and for the three active elements
(factor Device) for soil type S1

elta2.6.52

Component 2

Component 1

Fig. 12. Principal component analysis (PCA) biplot for different depths (factor h) and for the three active elements
(factor Device) for soil type S2
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Fig. 13. Principal component analysis (PCA) biplot for different depths (factor h) and for the three active elements
(factor Device) for soil type S3.

Table 6

Statistical significance values of multivariate analysis of variance (MANOVA, p = 0.05) for the soil type S1.
m’l\‘u‘zgm CTRL.6 ng"" D;'éa Gama6 CTRL12 Deltall? Delta2.12 Gamal2 CTRL.18 Deltal.18 Delta2.18 Gama.l8
CTRL6 <0.0001 <0.0001 <00001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Deltal.6  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Delta26  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
camas  [JEEERJ <0001 <0.0001 <00001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
CTRL12 <0000l <0.0001 <0.0001 <0.0001 0001 0002 <00001 <0.0001 <0.0001 <0.0001
Deltal12 <0.000 <0.0001 <0.0001 <0.0001 0001 0003 <0.0001 <0.0001 <0.0001 <0.0001
Delta2.12 <0.0001 <0.0001 <0.0001 <0.0001 0001  0.001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Gamal2  <0.0001 <0.0001 <0.0001 <0.0001 0002 0003  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
CTRLI8 <0000l <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
Deltal18 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001  <0.0001
Delta2.18 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Gamal8  <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Table 7

Statistical significance values of multivariate analysis of variance (MANOVA, p = 0.05) for the soil type S2.
MANOVA CTRL. Delta Delta Gama CTRL Delta Delta Gama. CTRL. Delta Delta Gama.
p-values 6 16 26 6 12 112 2.12 12 18 118 2.18 18
CTRL.6 WCEM 0001 BREZBM 0000 0000 0000 0000 0000 0000 0000  0.000
Delta 1.6 0.001 0000 0000 0000 0000 0000 0000 0000  0.000
Delta26 0001  0.001 0000 0000 0000 0000 0000 0000 0000 0000  0.000
camat  [EEZIEEZN o000 0000 0000 0000 0000 0000 0000 0000  0.000
CTRL12 0000 0000 0000  0.000 0004 0000 0000 0000  0.000
Deltal12 0000 0000 0000 0000 |[NLE 0000 0000 0000 0000  0.000
Delta2.12 0000 0000 0000 0000 MEEXCH 0002 0000 0000 0000  0.000
Gamal2 0000 0000 0000 0000 0004 0000  0.002 0000 0000 0000  0.000
CTRL18 0000 0000 0000 0000 0000 0000 0000  0.000 0000  [EECI0-000
Deltal18 0000 0000 0000 0000 0000 0000 0000 0000  0.000 0000  0.000
Delta218 0000 0000 0000 0000 0000 0000 0000 0000  RECRR-000 0.002
Gamal8 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0002
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Fig. 14. Hierarchical cluster analysis (HCA) dendrogram with the clustering information for different types of soils,
different depth 6, 12 and 18 cm and for the three active elements: Gama, Delta 1, Delta 2

CONCLUSIONS

The advantages of using vibro-combinators
are: perfect preparation of seedbed in difficult work-
ing conditions and preservation of soil moisture.
Such important factors can ensure fast, uniform and
early germination of seeds, these requirements
standing at the basis of abundant harvests. The re-
search investigated the soil tillage performances and
the environmental impact of several active elements
of the vibro-combinators, at certain soil depths and
soil types.

The multivariate analysis allowed to assess for
each soil type which active elements performs both
best soil tillage and environmental protection of the
soils. From the technical point of view, the 6 cm
depth is the most important to soil tillage for crop
production. For this depth the active elements of the
vibro-combinator: Delta 2 and Delta 1 are those that
performs both best soil tillage and environmental
protection of the studied soils.
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EXTENT OF UV-INDUCED DNA DAMAGE IN ANGIOSPERM PLANT SPECIES
AT DIFFERENT ALTITUDES
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A bstract Climate changes and anthropogenic factors are the main reasons for destruction of natural
ecosystems. The aim of this study was to investigate the extent of plants adaptation to UV background and gross B-
activity, and the possible damages that can be recorded in plants grown at different altitudes in Rila Mountain using
physicochemical, cytogenetic and molecular methods. Our investigations were done on nine plant species growing at
three altitudes in Rila Mountain: 1350 m, 1782 m and 2925 m. The variation between species for B-activity did not
depend on the altitude and the plants’ habitats. Adapted comet assay molecular analysis showed that DNA of Epilobium
angustifolium grown at 1350 m was more susceptible to damage than that of D. glomerata. Both species did not show
any increase in DNA damage at a slightly higher height, 1782 m. The level of migrated DNA of P. orthantha grown at
2925 m was comparable to that of species grown at a lower altitude. With regard to the formation of micronuclei, grass
species were more sensitive than cereals to UV. The genotype played a more important role than the height difference
of the habitats. This implies the existence of protective mechanisms developed by plants to overcome the stress of DNA
damage.

Key words: UV-B radiation; height above mean sea level (AMSL); DNA damage; angiosperm species

CTEIIEH HA OHITETYBAIETO HA JHK INPEJN3BUKAHO CO YB-3PAYEILE
KAJ AHTHOCHHEPMCKH PACTEHUJA HA PA3JIMYHU HAIMOPCKHU BUCOYUHU

A mcTpaxk T KitMMaTckuTe MpOMEHH U aHTPOIOreHHuTe (haKTOPH CE TNIABHUTE [IPUYHHU 38 YHUIITYBAmHETO HA
npupoaauTe exocuctemu. Llenta Ha oBaa cryauja Gemre qa ce UCTPaKH CTEIMEHOT Ha ajanTaldja Ha pacTeHHjaTa Ha
VB-3pademero u HeOKyHATa 3-aKTHBHOCT M MOKHHTE OIITETYBaka KOU MOXKAT J1a Ce eBUACHTUPAAT BO pacTeHHjaTa
KOW pacTaT Ha pa3jiM4HH BHCOYMHH HA IUIaHMHATa Puia, KOpUCTEjkU (HU3MKO-XEMUCKH, IIMTOTEHH M MOJIEKYJIapHH
meroau. Hammre ncrpaxysara Oea HampaBeHH 3a 9 BHIA pacTeHHja KOM pacTaT Ha 3 pa3iM4yHU BUCOYMHH Ha IUIAHHU-
Harta Puna: 1350 m, 1782 m, 2925 m. Bapujauunre Ha B-akTHBHOCTa OMel'y BUIOBUTE HE 3aBHCAT OJ] BUCOUYMHATA U
CTAHHUIITETO Ha pacTeHHjaTa. MosekynapHara aHaiau3a nokaxka aeka JTHK una Epilobium angustifolium koe pacre na
1350 m e momo y10’kHA Ha OIITETYBama Bo criopenda co D. glomerata. J[sara Buza He mokaxkaie HUKAKBO 3rOJIEMEHO
omreryBabe Ha JTHK Ha Hemro moBucoka Bucounta (1782 m). Bo oxHoc Ha GopMHpameTo HA MHUKPOHYKIICYCH,
TPEBHHTE BUIOBU CE MOYYBCTBUTEIHU Ha YB 07 nepeamunrte. [ eHOTHIIOT OAUTPal MHOTY [TOBa)XHA YJIOTa OJOIITO
pa3iuKKUTe BO BUCOYMHATA HA KOja pacTe pactenuero. OBa moapa3bupa MOCTOSHE Ha 3AIITUTHA MEXaHU3MH KOH ce
pa3BHEHHU OJI CAMHTE PACTEHHja CO IIeJT JIa [0 HAJIMHHAT CTPecoT of omreryBamero Ha JTHK.

Kiyunu 36opoBu: VB 3paueme; BucounHa HaJ CpeAHOTO HUBO Ha Mope (AMSL); omreryBame Ha JIHK;
BHUJIOBH aHTHOCIIEPMU
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AIMS AND BACKGROUND

The global climate changes are the main rea-
son for destruction of natural ecosystems and
threaten many breeds of wild animals and plants
with extinction [1]. Additionally, the anthropogenic
factors can result in depletion of the ozone layer.
This process can lead to changes in the UV spectral
composition and to significant increases in UV-B
(280-320 nm). As known, the UV spectrum consists
of UV-A, UV-B and UV-C. UV-C with the shortest
wavelength (100-280 nm) is completely blocked by
the ozone layer and atmospheric oxygen, whereas
UV-A (315400 nm) is weakly absorbed and di-
rectly transmitted to the earth surface. Thus, UV-A
has a milder effect [2, 3]. UV-B radiation is a minor
component of sunlight (1.5% of total radiation) and
is filtered through the stratospheric ozone layer;
therefore, only a small portion reaches the earth sur-
face. It is believed that UV-B has a wide range of
effects on the biology and chemistry of terrestrial
ecosystems. Thus, a 1% reduction in the ozone layer
results in an average increase of 1.5% in the amount
of biologically active UV-B radiation [4]. The in-
crease in solar UV-B radiation may influence the
genomic stability of plant populations [5]. The de-
gree of UV-B increase depends mainly on the alti-
tude.

The biological effects of UV radiation on
plants include altered growth responses, reproduc-
tive dysfunction, epigenetic variations, plant sus-
ceptibility to biotic factors, premature senescence,
damage to the photosynthetic apparatus, and altered
conformation of membrane structures [6].

UV-B can alter the normal state of life by in-
ducing a variety of cytotoxic, mutagenic and DNA
lesions, interfering the integrity of the genome. Or-
ganisms have evolved various mechanisms to coun-
teract and overcome these lesions [7]. In case of se-
vere damage and/or failure of repair mechanisms,
cells undergo apoptosis or induce a complex series
of phenotypic changes.

DNA is one of the major targets of UV damage
in both prokaryotic and eukaryotic cells. Proteins
and lipids are other direct targets. Therefore, it is
crucial to evaluate the response of plant perfor-
mance to natural variations in UV-B levels.

Because plant growth depends on the presence
of sunlight, plants shield meristematic tissues from
light, annually dispose of photosynthetic tissues,
produce UV-absorbing agents, and employ a variety
of DNA repair mechanisms some specialized for the
repair of UV-induced lesions. Such mechanisms by
which plants may protect themselves from UV irra-
diation are of great interest. Flavonoids as UV filters

are often interpreted as a protective/adaptive mech-
anism preventing UV-B radiation from reaching the
mesophyll and in this way affecting photosynthesis.
Additional defense mechanisms are the increase in
leaf thickness (as a result of extensive cell length)
on the one hand and, on the other hand, a decrease
in the leaf area and stomatal frequencies [4]. Safara-
likhonov and Aknazarov [8] observed an increase in
the total auxin activity in plants at a low altitude
compared to higher altitudes. The authors con-
cluded that the activity of growth-inhibiting sub-
stances increases in plants that grow at a higher ele-
vation.

Important physiological and biochemical re-
sponses to enhanced solar UV-B irradiation on ter-
restrial plants have been determined from labora-
tory and/or climate chamber under controlled con-
ditions [9]. Field verification of laboratory investi-
gations must be done under natural environmental
conditions.

Gross B-activity includes the activity caused
by all B-emitters. The primary sources of B-activity
are naturally occurring radioisotopes from the natu-
ral decay series of uranium, thorium and actinium,
the primordial isotope, 40 K, and any residual fall-
out from anthropogenic weapons testing and the
Chernobyl reactor accident in 1986. In 1995, the
gross B-activity of different samples from 18 Rila
Mountain regions was measured for the first time
[10]. Water, soil and plant samples were investi-
gated. The authors determined normal content of
river water and relatively high B-activity for plant
species. They found that probes from dead conifers
taken at 2400 m in Beli Iskar spring regions show
high levels of beta activity. These higher values
could be explained with the Chernobyl impact in
1986.

So far, there have been few studies on the ef-
fects of UV-B and B-activity in single plant species.
Therefore, the studies on the biological and genetic
effects of UV-radiation and B-activity on wild plants
are relevant in order to obtain a more complete pic-
ture of the adaptation of plants. The aim of our study
was to investigate the extent of plants adaptation to
natural UV background as well as 3-activity and the
possible damages that can be scored in plant species
grown at different altitudes in Rila Mountain using
physicochemical, cytogenetic and molecular meth-
ods.

EXPERIMENTAL

Plant material: Four tree species of 4 families;
one shrub species; six species from Poaceae; six
species from Fabaceae; two species from
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Juncaceae and 46 grass species from 23 families
were registered around the locality named “Pioneer
Camp”, Beli Iskar at 1350 m.

Seven tree species from four families; three
shrub species from three families; six species from
Poaceae; five species from Fabaceae; two species
from Juncaceae and 41 grass species from 25 fami-
lies were registered in the region of the locality
named “Third window” at 1782 m.

Six species from Poaceae, five species from
Juncaceae and four grass species from four families
were registered on the Moussala Peak at 2925 m and
the area around it.

Out of this diversity, we selected wild plant
species that are characteristic of the ecosystems in
the Rila Mountain at these altitudes and appeared
suitable for cytogenetic and molecular biology stud-
ies: namely, Epilobium angustifolium, Fragaria
vesca, Myosotis sylvatica and Dactylis glomerata.
These plant species were collected in June 2017 in
habitats at two altitudes in the Rila Mountain at
1350 mand at 1782 m.

Poa alpine, Sesleria coerulans, Saxifraga cy-
mosa, Myosotis sylvatica, Achillea clusiana and Pe-
dicularis orthantha were collected in August/
September 2017 on the peak Moussala at 2925 m.

The plant material for cytogenetic and molec-
ular investigations was stored at 4°C immediately
after sampling for further use.

Gross f-activity: We used a standard method
previously described in detail [1, 2]. Total B-activity
in Bg/kg ash in tissues of whole plants was
determined. The method includes preliminary prep-
aration of samples. The plants were dried at 110 °C
to a constant weight and were then ashed at 450 °C
for 4 hours. One hundred milligrams of each sample
(E. angustifolium, P. alpine, S. coerulans and A.
clusiana) were transferred to a counting planchet 50
mm in diameter. The radioactivity on the steel
planchet was read using a low-background beta
counter (LAS 3A level activity system with 30 %
efficiency on 40 K and background 1 cpm, INRNE)
and was compared with measurements of a potas-
sium-40 standard prepared and measured in the
same manner. The background of the detector was
determined by counting an empty planchet for 900
min.

Comet assay: E. angustifolium, D. glomerata
and P. orthantha were adapted for comet assay. Nu-
clei were isolated from the leaves by careful slicing
in 400 ul 1 x PBS on ice in dim light. For each sam-
ple, 30 ul of cell suspension was mixed with 60 pl
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of 1% low melting point agarose at 42°C and
dropped on slides precoated with 0.5% normal melt-
ing point agarose. Each drop was covered with a co-
verslip and slides were stored on ice. After removal
of the coverslips, leaf nuclei were denatured for 10
min at room temperature. The slides were washed
three times in ice cold 1 x TBE for 5 min and elec-
trophorezed in ~1500 ml 1 x TBE at 15-17 mA and
1 V/em (31 V) at room temperature for 6 min [13].
After electrophoresis, the agarose slides were
placed in 70% and 96% ethanol for 5 min each, be-
fore air drying and staining with acridine orange (6
pg/ml in water).

Comets were examined from slides under 25
fold magnification using a fluorescence microscope
(Jenalumar) equipped with a filter for acridine
orange (at 480-490 nm) and a digital camera
(Canon, Power Shot A95). The COMET image
analysis system CASP (Comet Assay Software Pro-
ject, www.casp.of.pl) was used for measurement of
DNA content in the head and tail of each comet.
Each experimental point is typically a mean value
from 6 examined microgels.

Micronucleus test: E. angustifolium, F. vesca,
M. sylvatica, D. glomerata, P. alpine, S. coerulans,
S. cymosa, M. sylvatica, A. clusiana, and P. orthan-
tha were adapted for micronucleus analysis.

For micronuclei (MN) scoring, the leaves were
fixed in ethanol: glacial acetic acid (3:1) [14\. Be-
cause of the specificity of the plant species, the fixed
leaves were hydrolyzed in 1N HCI at 60°C for 9-20
min, macerated in 4% pectinase for 30 min at room
temperature or at 60°C, carefully sliced on slides
and stained with Methylgreen, Giemsa and Acid
Fuchsin, alone or in combination. The stains were
not removed before squash preparation. The time
for maceration of Poaceae species was extended to
1 h (60°C).

Statistics: Statistical analysis of comet assay,
micronucleus-test and gross R-activity data was
carried out using two-tailed Fisher’s exact-test for
group comparison of different plant species [13].

RESULTS AND DISCUSSION

The basic R-emitters in the biosphere are the
isotopes ¥’Cs, 3Cs and Sr. Their values in the
present study are given in Figure 1A. As early as
1995, the gross B-activity of some monitor plants in
the Rila Mountains was determined [15]. These data
were used for comparative analysis of the results
from the present study. In E. angustifolium, a peren-
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nial grass, the total R-activity was measured in
plants grown at 1350 m and 1782 m. Plants grown
at 1350 m showed a total B-activity of 654 + 12
Bg/kg and specimens that grew at the altitude of
1782 m had a R-activity of 850 + 16 Bg/kg. The
plant material sampled on Moussala Peak at 2925 m
included representatives of P. alpine and S. coeru-
lans, as well as A. clusiana. Here we found a rela-
tively low [3-activity in Poaceae (P. alpine — 413 +
11 Bg/kg, and S. coerulans — 394 + 12 Bg/kg). The
data for grass A. clusiana (1253 + 31 Bg/kg) demon-
strated a higher sensibility concerning total 3-activ-
ity compared to the other phytomonitors.

Studies on the total R-activity of plant material
of various species have shown that different plant
parts exert different levels of beta activity. For ex-
ample, branches have a significantly higher content
than needles or leaves [16]. Overall, all measured
plant species, sampled in 1995, showed a signifi-
cantly higher R-activity (~ 5000 — 13 000 Bqg/kg for
grasses) than those in the present work (~ 400 —
1 300 Bg/kg). Detailed studies of a wider range of
phytomonitors showed a broad variation between
different plant species, which does not necessarily
depend on the altitude of the habitats [15]. This
statement corresponds with our data.

There are large differences in the tolerance to
UV-B radiation among plant species and taxonomic
groups. Our results on the UV-induced DNA dam-
age evaluated using comet assay are presented in
Fig. 1B. Due to the specificity of the plant objects,
e.g. thick cell wall, etc., which is part of the adapta-
tion to the habitat, we succeeded in adapting and ap-
plying comet analysis for three different species: E.
angustifolium, D. glomerata and P. orthantha.
DNA of E. angustifolium grown at 1350 m was
more susceptible to damage. The amount of mi-
grated DNA in the comet tail was 38.74 + 2.22%
compared to that of D. glomerata 22.75 = 1.08%.
Both species did not show any increase in the value
of DNA damage at a slightly higher height, 1782 m.
For E. angustifolium, it was 39.65 = 1.23% and for
D. glomerata 23.45 £ 0.49%. Molecular analysis of
plants grown at 2925 m was carried out on P. or-
thantha. Here, the level of migrated DNA was 28.33
+ 1.12%, which is comparable to that of species
grown at lower altitudes.

The frequency of MN formation were investi-
gated on nine plant species grown at three different
altitudes (see Figure 1C). Among the samples
grown at 1350 m, F. vesca (0.33 = 0.03%) was most
sensitive, followed by M. sylvatica (0.27 + 0.09%),
E. angustifolium (0.20 £ 0.06%) and D. glomerata

(0.07 + 0.03%). The results were similar for plants
grown at 1782 m; they ranked in susceptibility as
follows: F. vesca (0.37 + 0.07%) > M. sylvatica
(0.30 + 0.06%) > E. angustifolium (0.27 + 0.03%)
> D. glomerata (0.10 + 0.06%).

M. sylvatica grown on Moussala Peak at 2925
m did not show any significant differences assessed
by frequency of MN, compared with the plants
which grew at a lower altitude (0.27 £ 0.03%).

MN induced are described in Figure 1C. For
samples grown at 1350 m, F. vesca (0.33 + 0.03%)
was found to be the most sensitive, followed by M.
sylvatica (0.27 + 0.09%), E. angustifolium (0.20 +
0.06%) and D. glomerata (0.07 + 0.03%). The UV
susceptibility of plants grown at 1782 m showed a
similar trend. Their sensitivity ranked as follows: F.
vesca (0.37 £ 0.07%) > M. sylvatica (0.30 £ 0.06%)
> E. angustifolium (0.27 + 0.03%) > D. glomerata
(0.10 £ 0.06%). M. sylvatica grown on peak
Moussala at 2925 m did not show significant
differences in the frequency of induced micronuclei,
compared with plants that grew at a lower altitude
(0.27 £ 0.03%).

Since there is larger UV intensity on the Mous-
sala Peak, we expected a higher frequency of MN.
On the contrary, however, the yield of induced MN
was relatively low. The plant species from Poaceae
family grown in the localities “Beli Iskar” and
“Third window” were not very sensitive. Cereal
species, sampled on Moussala Peak, showed an ex-
tremely low frequency of MN, namely 0.03 + 0.03
% for P. alpine and 0.03 + 0.03 % for S. coerulans.
All grass specimens showed no significant differ-
ence with plants which grew at a lower altitude.
Here we obtained frequencies of MN for S. cymosa
amounting to 0.17 + 0.07 %, for A. clusiana 0.23 +
0.03 % and for P. orthantha 0.17 + 0.12 %.

Little is known about the effect of UV radia-
tion regarding cell cycle arrest and apoptosis in
plants [17]. Recently, G1-to-S arrest induced by
UV-B has been suggested as a protective mecha-
nism against UV-B-induced DNA damage, as it al-
lows time for DNA damage repair before replication
[18].

UV-B also results in numerous changes in
plant morphology. The plant response to UV-B de-
pends on different factors, such as the nature of the
UV-B treatment, the extent of adaptation and accli-
mation to UV-B, and interaction with other environ-
mental factors. UV-B responses are mediated by
nonspecific signaling (reactive oxygen species and
defense signaling) and specific pathways (mediat-
ing photomorphogenic responses) [19].
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Fig.1. Total B-activity, A); UV-induced DNA damage, B); and UV-induced MN, C) in plants grown at different elevations:
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Different studies have shown that UV-B irra-
diation induces diverse phenotypic responses, inclu-
ding hypocotyl growth inhibition, cotyledon expan-
sion and others in plants. The inhibition of growth
of wheat primary leaves has been attributed to the
effect of UV-B on the rate and duration of both cell
division and elongation [20]. In plants grown under
such defined laboratory conditions, the proportion
of mitotically active cells was reduced and the
duration of cell division was increased. Chen et al.
[21] found that UV-B radiation does not influence
the microtubule structures in germinated wheat
seeds to affect chromosome behavior. Another
study showed that the increasing of duration of
exposure to higher UV-B doses induced various
cytological anomalies in coriander in laboratory
conditions. The authors obtained decreased mitotic
index and a rise in chromosomal aberrations [22].
The higher doses were more genotoxic than the
lower ones.

Overexpression of cyclobutane pyrimidine di-
mer (CPD) photolyase in UV-B resistant Oryza sa-
tiva cultivars results in higher CPD photolyase ac-
tivity and thus the plants become significantly more
resistant to UV-B than wild-type plants [23]. On the
other hand, Wang et al. [24] observed an increase in
the CPD level in perennial herbs grown at 300 to
1700 m. With the help of a stepwise multiple regres-
sion analysis, the authors found that the variation in
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the CPD level was solely affected by the UV-B
level, whereas other environmental factors (temper-
ature and photosynthetically active radiation) had
no significant effects on the CPD induction.

Our present investigations showed that UV-ir-
radiation and B-activity do not induce higher dam-
aging effects on plant DNA at the level of the cho-
sen physico-chemical, cytogenetic and molecular
indicators. There are some differences in the tole-
rance to B-activity as well to UV-radiation among
the plant species. Kovacs and Keresztes [25] and
Kumar and Pandey [22] observed that lower doses
and lower duration of exposure to UV-B in root
meristems of Coriandrum sativum are less signi-
ficant in their action and promote some important
metabolic processes in plants, whereas higher doses
are significant and have cytotoxic and genotoxic
effects, such as decreased mitotic activity and en-
hanced induction of different types of chromosomal
aberrations.

CONCLUSIONS

The present results imply the development of
protective mechanisms by the plant from different
habitats and altitudes of Rila Mountain to overcome
the UV-induced stress at the cellular and DNA
level. The results implied that the genotype plays a
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more important role than the altitude difference of
the habitats. The obtained data are first steps of a
monitoring of UV effects and would be helpful for
understanding the environmental impact on wild
plant species in alpine zones and also in using of
suitable plant species as bioindicators for UV load.

Acknowledgements. The present study was supported
by the Bulgarian Ministry of Education, Youth and Science un-
der contract grant number DN 04/1 entitled: "Study of the com-
bined effects of the natural radioactive background, UV radia-
tion, climate change and cosmic rays on model groups of plant
and animal organisms in mountain ecosystems".

REFERENCES

[1] Stoychev, S.: Global climate changes and food resources.
Journal of Environmental Protection and Ecology, 5 (1),
63-67 (2004).

[2] Batschauer, A.: Light perception in higher plants. Cell Mol
Life Sci, 55, 153-165 (1999).

[3] Ballaré, C. L.: Stress under the sun: spotlight on ultravio-
let-B responses. Plant Physiol, 132, 1725-1727 (2003).

[4] Hollosy, F.: Effects of ultraviolet radiation on plant cells.
Micron, 33, 179-197 (2002).

[5] Ries, G., Heller, W., Puchta, H., Sandermann, H., Seidlitz.
H., Hohn, B.: Elevated UV-B radiation reduces genome
stability in plants. Nature, 406, 98-101 (2000).

[6] Ganpudi, A. L., Schroeder, D. F.: Chapter 4. UV Damaged
DNA Repair & Tolerance in Plants. In: Selected Topics in
DNA Repair (Ed. C. Chen), In Tech, Available from:
http://www.intechopen.com/books/selected-topics-in-
dnarepair/uv-damaged-dna-repair-tolerance-in-plants
(2011).

[7] Rastogi, R. P., Richa, Kumar A., Tyagi, M. B., Sinha, R.
P.: Molecular mechanisms of ultraviolet radiation-induced
DNA damage and repair. Journal of Nucleic Acids, Article
ID 592980, 1-32 (2010).

[8] Safaralikhonov, A., Aknazarov, O.: The dynamics of
endegenous hormone activity in plant leaves depending on
the altitude of their growing. Social and Natural Science
Journal, 10 (2), 9-14 (2016).

[9] Rozema, J., Van De Staaij, J., Tosserams, M.: Effects of
UV-B radiation on plants from agro- and natural ecosys-
tems. In: Plants and UV-B: Responses to Environmental
Change (Ed. P. Lumsden), Cambridge University Press,
1997, 213-232.

[10] lovtchev, M., Bogoeva, L., Apostolova, M., Kostova, M.,
Sariev, D.: Total beta activity of samples from Rila Moun-
tain. In: Observatoire de Moussla OM2, 4, (Eds. J. P. Car-
bonnel, J. Stamenov), INRNE Press, 1995a, 8-13.

[11] Dimitrov, S., lovtchev, M., Geleva, E.: Determination of
the total beta activity and heavy metals in biomonitoring
species (phytomonitors) from the area of the IRT — Sofia.

Proceedings of Bulgarian Nuclear Society, Nuclear Power
for the People, Conference, November 11-14, 2009, Veliko
Tarnovo, Bulgaria. BsNS Transactions, 14 (1), 94-96
(2010).

[12] Dimitrov, S., Geleva, E., Damianova, A.: Assessment of
radioactivity of small mammals near research reactor IRT-
2000 in Sofia. Journal of Balkan Ecology, 17 (4), 411-415
(2014).

[13] Jovtchev, G., Menke, M., Schubert, I.: The comet assay
detects adaptation to MNU-induced DNA damage in bar-
ley. Mutat Res, 493, 95-100 (2001).

[14]. Jovtchev, G., Stergios, M., Schubert, 1.: A comparison of
N-methyl-N-nitrosourea-induced chromatid aberrations
and micronuclei in barley meristems using FISH tech-
niques. Mutat Res, 517, 47-51 (2002).

[15] lovtchev M., Peev, D., Bogoeva, L., Sariev, D., Apos-
tolova, M., Tzoneva, S., Valjovska, N., Kashukeeva, K.:
Phytomonitoring in Rila Mountain — 1995. Il1. Total 3-ac-
tivity of samples in phytomonitors from control popula-
tions. In: Observatoire de Moussla OM2, 4, (Eds. J.P. Car-
bonnel, J. Stamenov), INRNE Press, 1996, 164-167.

[16] lovtchev, M., Kostova, M., Rusev, R., Sariev, D., Apos-
tolova, M., Bogoeva, L.: Investigations of the total beta ac-
tivity of samples from the Beli Iskar river valley, Rila
Mountain. In: Observatoire de Moussa OM2, 4, (Eds. J.P.
Carbonnel, J. Stamenov), INRNE Press, 3, 1995b, 14-19.

[17] Nawkar, G., Maibam, P., Park, J., Sahi, V., Leg, S., Kang,
C.: UV-induced cell death in plants. Int J Mol Sci, 14,
1608-1628 (2013).

[18] Jiang, L., Wang, Y., Bjorn, L., Li, S.: UV-B induced DNA
damage mediates expression changes of cell cycle
regulatory genes in Arabidopsis root tips. Planta, 233,
831-841 (2011).

[19] Jenkins, G. 1.: Signal transduction in responses to UV-B
radiation. Annu. Rev. Plant Biol, 60, 407—31 (2009).

[20] Hopkins, L., Bond, M., Tobin, A.: Ultraviolet-B radiation
reduces the rates of cell division and elongation in the pri-
mary leaf of wheat (Triticum aestivum L. cv Maris Hunts-
man). Plant, Cell and Environment, 25, 617-624 (2002).

[21] Chen, P., Chen, H., Han, R.: Effects of enhanced ultravi-
olet-B radiation on chromosomes and microtubule arrays
in wheat roots. Int J Agric Biol, 18, 649-652 (2016).

[22] Kumar, G., Pandey, A.: Effect of UV-B radiation on chro-
mosomal organisation and biochemical constituents of Co-
riandrum sativum L. Jordan Journal of Biological Sci-
ences, 10 (2), 85-93 (2017).

[23] Gill, S., Anjum, N., Gill, R., Jha, M., Tuteja, N.: DNA
damage and repair in plants under ultraviolet and ionizing
radiations. The Scientific World Journal, Article ID
250158, 11 p. (2015).

[24] Q. Wang, K. Hikosaka: Is UV-induced DNA damage
greather at higher elevation? American Journal of Botany,
101 (5), 796-802 (2014).

[25] Kovacs, E., Keresztes, A.: Effect of gamma and UV-B/C
radiation on plant cells. Micron, 33, 199-210 (2002).

Mech. Eng. Sci. J., 36 (2). 213-218 (2018)



Mechanical Engineering — Scientific Journal, Vol. 36, No. 2, pp. 219-223 (2018)

Number of article: 602 ISSN 1857-5293
CODEN: MINSC5 e-ISSN 1857-9191
Received: March 30, 2018 UDC: 632.954.024

Accepted: April 30, 2018
Original scientific paper

DIRECT TREATMENT WITH ROUNDUP VS. TREATMENT
WITH PLANT EXTRACT PREVIOUSLY INFLUENCED BY ROUNDUP:
DOES THE GENOTOXIC EFFECT DIFFER?
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Abstract: Roundup, a commercial formulation of Glyphosate, is one of the most used non-selective systemic
herbicides for weed control in agriculture. Some people are in occupational contact with this herbicide. On the other
hand, human diet includes plants that could contain residual herbicides. There are many contradictory results about the
cytotoxicity/genotoxicity of Roundup (RP). This gave us a reason to formulate the aim of our study: i) to evaluate the
cytotoxic/genotoxic effects of RP after direct treatment; ii) to assess its effect in human lymphocyte test-system after
treatment with extract from Hordeum vulgare previously influenced by RP. We used chromosome aberrations and
micronuclei as endpoints for genotoxicity. Clear cytotoxic effect was obtained after both direct treatment with the
herbicide and after treatment with plant extract affected by RP. The herbicide showed higher genotoxic activity com-
pared to that observed in the untreated control. The genotoxic effect after treatment with PE from plants grown from
seedlings of H. vulgare previously treated with RP was close to that observed after direct treatment with RP with the
lower concentration (0.9 pg/ml). The study gives valuable information about the potential risk for humans whose daily
diet includes plants treated with RP.

Key words: Roundup; genotoxicity; test-system; plant extract

JUPEKTEH TPETMAH CO ,,PAYHJAIT“ HACITPOTH TPETMAHOT
CO EKCTPAKT O/l BUJIKH HA KO ITPETXO/IHO BJINJAEJL ,,PAYHIAII*:
JAJIM TEHOTOKCUYHUOT E®EKT CE PA3JIMKYBA?

AncTpaxrT:,Payanan®, komepuujanaa Gpopmyraiuja Ha rardocar, € eIeH o1 HajynoTpeOyBaHUTE CHCTEMCKH
HECEJIEKTUBHHU XeOPHIIH/M 3 TPETUPAE HA IUIEBENIOT BO arpuKyaTypara. Hexou siyfe ce Bo mpodecnoHaneH KOHTaKT
co oBoj xeOpumma. Of npyra cTpaHa Iak, YOBEKOBaTa HCXpaHa COIPKHU PAaCTEHHja KOM MOJKAT J]a COAPKAT OCTATOIH
on xebpuiuau. ITocTojaT MHOTY KOHTPaIUKTOPHHU PE3YATaTH 32 IIUTOTOKCHMYHOCTA / TeHOTOKCHYHOCTA Ha ,,PayH/a-
not* (PII). OBa Hu nane npuyrHa 1a ja GopMynupamMe IeNTa Ha HalaTa cTyauja: 1) 1a r'u IpoleHMe INTOTOKCHYHHUTE
/ reHoTokcuuHuTe edektn Ha PIT mpu aupexTeH TpeTMad; 2) Ja ro MpPOLEHWME HErOBHOT e(eKT Ha YOBEKOBHUTE
nuMQOIMTH O TPETMAHOT co ekctpakT o Hordeum vulgare koj nperxozaHo 6wt mox Biujanue Ha PIN. Kopucresme
XPOMO30OMCKH abepanuy 1 MUKPOHYKJICYCH KakKO KPajHH TOYKH 32 TeHOTOKCHYHOCT. JaceH IUTOTOKCHYEH e(eKT e
JOOHEH MO TUPEKTEH TPETMaH CO XepOUILIUIOT U 10 TPETMaH CO PACTUTEIICH EKCTPAKT KOj PETXO0AHO OWJI IO BIHjaHUEe
Ha PIT. XepOuuuaoT nokaxkasn MOBHCOKA FEHOTOKCHYHA aKTUBHOCT BO CIOopenda co oHaa 3abernexxana pu HeTpeTHpaHa
KOHTpoJia. ['eHOTOKCHYHHOT eeKT Mo TPEeTMAaHOT CO pacTeHHja aoOMeHH ox camHuuM Ha H. vulgare mperxomHo
Tperupanu co PII, Omn Gimu3ok mo oHOj 3a0enexaH mo aupekreH TperMad co PIT co monucka xoHueHTpammja (0.9
pg/ml). Ctynujata gaBa BpeqHu HHGOPMALUK 3a TTOTEHIIN]aTHUOT PU3HK 32 JIyFeTO 4Hja CeKOjJHEeBHA HCXpaHa BKIY-
4yBa pacTeHHja Tperupanu co PII.

Konyunu 360poBu: ,,payHnamn‘’; FTeHOTOKCHIHOCT; TECT-CHCTEM; eKCTPAKT OJ] pacTeHHja

AIMS AND BACKGROUND agriculture which has attracted public attention in
_ _ _ the last decade. This herbicide is in use in more than
Roundup (RP) is a commercial formulation of 160 countries in the world for weed control of 76

Glyphosate, one of the herbicides most used in weed types (Alam, 2010; Ismaili et al., 2015). To
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facilitate the cell penetration of the active ingredi-
ent, Glyphosate, the RP formulation contains some
adjuvants that could enhance the harmful effect. In
addition to the occupational exposure of humans to
the herbicide, human diet could also include plants
containing residual herbicide. Thus the herbicide
has a potential risk for humans. Lamb et al. (1998)
and Schonbrunn et al. (2001) showed a specific bi-
ological mechanism of RP to affect plants, so it was
proposed that the herbicide could not be hazardous
for mammalian and human beings. However, many
contradictory results about its toxic/genotoxic activ-
ities have been obtained using various test-systems
and endpoints (Williams, 2000; Richard et al., 2005;
Dimitrov et al., 2006; Prasad et al., 2009; Benachour
and Seralini 2009; Mladinic et al., 2009; Koller et
al. 2012, Guilherme et al., 2012; Kier and Kirkland,
2013; Alvares-Moya et al., 2014). According to the
reports of some regulatory agencies, the herbicide
does not show any harmful effect on human health
(E.U., 2002). Manas et al. (2009) reported genotoxic
effect of the Glyphosate formulation AMPA as-
sessed by induction of micronuclei (MN) and chro-
mosome aberrations (CA) in human lymphocytes,
and DNA damage evaluated by comet assay. An-
other study also demonstrated cytotoxic/genotoxic
effects of Glyphosate assessed by CA and MN in-
duction in Swiss albino mice (Prasad et al., 2009).
Some evidence showed the effect of metabolic acti-
vation when the level of DNA damage increased af-
ter application of the herbicide in the presence of S9
(Mladinic et al., 2009). There are limited data about
herbicide residues in plant foods and a lack of stud-
ies about the cytotoxicity/genotoxicity of extracts
obtained from plants/seeds treated with the herbi-
cide. This fact and the controversial data published
about the effect of RP motivated the aim of our
study: i) to evaluate the cytotoxic/genotoxic effects
of the RP after direct treatment, and, ii) to assess the
effect of plant extract from H. vulgare previously
influenced by RP, using human lymphocyte test-
system. The endpoints for assessment of genotoxi-
city were chromosome aberrations and micronuclei,
mitotic index (MI) was used as an endpoint for cy-
totoxicity

EXPERIMENTAL

Chemicals. Roundup (Monsanto, containing
glyphosate, CAS Ne 1071-83-6) water work solution
was prepared according to the instructions for weed
control in agriculture. The alkylating agent MNNG
(50 ug/ml) was used as a positive control.

Test-system. Human lymphocytes in vitro
(1x106cells/ml) were prepared from venous blood
of healthy non-smoking donors, aged 33-36 years,
according to the method of Evans (1984).

Plant extract preparation. Two types of seeds
of H. vulgare grown in the experimental field of So-
fia University and picked up in August 2017 were
used: seeds of non-treated plants and seeds of plants
treated with 3.6 pg/ml of RP, a concentration used
in agriculture. Both types of seeds were presoaked
(1 h) in tap water and germinated (18 h) at 24 °C.
Then the plants were grown as hydroponics. The up-
per leaves’parts of 4-5 day plants were cut out and
ground at 0 — 4 ° C in 0.9% cooled sodium chloride
solution (1:10). The obtained homogenate was cen-
trifuged at 0 — 4°C and 10,000 x g for 15 min. The
supernatant (S10 fraction) was passed through a
sterile filter (0.45 pm) for further use. This plant
fraction S10, herein referred to as plant extract (PE),
was prepared by the method of Darroudi and Nata-
rajan (1987).

EXPERIMENTAL SCHEME

To test the cytotoxic and genotoxic activities
of the herbicide, the human lymphocytes were
treated with Roundup (RP) in concentrations of 3.6,
1.8, 0.9, 0.36 and 0.036 pg/ml (60 min) at the 18th
hour (G1) after PHA stimulation in a serum-free
RPMI 1640 medium.

To assess the effect of plant extract (PE) from
H. vulgare previously influenced by RP at the 18th
hour (G1) after PHA stimulation, we added 1 ml (60
min) of non-treated PE to part of the lymphocyte
cultures, and to another part, 1 ml (60 min) PE from
seedlings of plants previously affected by the
herbicide (3.6 pg/ml).

After each treatment, the lymphocytes were
washed with fresh RPMI medium. The lymphocyte
cultures were cultured and at the 72nd hour of culti-
vation, 0.02% colchicine was added to each culture,
followed by 0.56 % KCI, fixation in methanol :
glacial acetic acid (3:1, v/v), and staining in 2%
Giemsa. Untreated cells were used as a negative
control.

Endpoints. Mitotic index (MI) was used as an
endpoint for cytotoxicity; chromosome aberrations
(CA) and micronuclei (MN), as endpoints for geno-
toxicity. Ml of the treated variants was calculated as
percentage of the negative control. The percentage
of metaphases with chromosome aberrations
(MwA% + SD) was calculated. Chromatid breaks

Mech. Eng. Sci. J., 36 (2), 219-223 (2018)
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(B’), isochromatid breaks (B) and translocations
(T) were determined. Percent of micronuclei (MN%
+ SD) was also calculated.

Statistical analysis. Student’s t-test and chi-
square method were used for statistical analysis.
The experiments were performed in triplicate.

RESULTS AND DISCUSSION

Our results showed well expressed cytotoxic
effect (p < 0.001) of RP assessed by value of Ml
(Figure 1A). The cells’ viability decreased in a con-
centration-dependent manner (from 76.4% for
0.036 pg/ml to 29.6% for 1.8 pg/ml). The effect was
most pronounced in cells treated with 3.6 pg/ml
where there was a lack of any dividing cells. This
concentration corresponds with that used in agricul-
ture. Our results are in agreement with the study of
Marc et al. (2002), who showed that this herbicide
can disrupt the animal cell cycle in urchin eggs. Our

data also correspond with the data of Richard et al.
(2005), who reported that RP reduces the cell via-
bility of human choriocarcinoma (line JEG3) with
concentrations 10 times lower than those used in ag-
riculture. In the present here study, the genotoxic ac-
tivity of RP assessed by chromosome aberrations in-
creased in a dose-dependent manner (Figure 1B).
The MwA values increased from 3.6-fold for
0.036 pg/ml RP to 7.0-fold for 1.8 pg/ml RP com-
pared to those in the non-treated lymphocytes. The
spectrum of induced chromosome aberrations con-
sisted of isochromatid breaks followed by chroma-
tid breaks (data not shown).The RP genotoxic effect
assessed by MN as endpoint was not so well pro-
nounced. The percent of micronuclei were signifi-
cantly increased (p < 005, p < 0.01) by RP concen-
trations of 0.9 pg/ml or higher (Figure 1C). Our re-
sults are in agreement with the data of Polleta et al.
(2009) in Caiman embryos and Koller et al. (2012)
in cultured human buccal epithelial cells. The geno-
toxic effect of RP was lower than that of MNNG
(50 pg/ml).
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Fig. 1. Cytotoxic/genotoxic effects of different concentrations of Roundup (RP) assessed by: A) Ml; B) CA; and C) MN
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Interestingly, in human lymphocytes treated
with PE from H. vulgare previously affected by the
herbicide (3.6 pg/ml), the mitotic activity (MI) was
significantly reduced (p < 0.001) compared with
both the negative control and the cultures treated
with PE from plants non-affected by the herbicide
(Figure 2A). Moreover, there was higher frequency
both of chromosome aberrations and micronuclei (p
< 0.001, p < 005). Their values were close to those
obtained after direct treatment with RP, but with the
lower concentration 0.9 pg/ml (Figure 1B,C and
Figure 2 B, C). After RP direct treatment MwA was
6.0 £ 0.9, MN 1.1% =* 0.3, respectively, and treat-
ment with PE from H. vulgare previously affected
by the herbicide induced 6.8% + 0.8 MwA and 1.2%
+ 0.2 MN, respectively. The spectrum of chromo-
some aberrations was similar to that observed after
direct treatment with RP. The data obtained by us
suggest that H. vulgare (PE) could contain some
quantity of residual herbicide that induces cell inju-
ries including DNA damage. This speculation is fur-
ther supported by our data showing down gradation
in the values of the morphometric endpoints of the
plants from which the extract was obtained as a re-
sult of RP (unpublished data). Glyphosate, the ac-
tive compound of RP, inhibits the shikimic acid
pathway, which participates in the biosynthesis of
phenylalanine and tyrosine and is also the major
pathway in the biosynthesis of most plant phenolics
(Alam, 2010).

The present study gives valuable additional in-
formation about the potential risk for humans whose
daily diet includes plants that could contain residual
herbicide as a result of treatment with RP.

CONCLUSIONS

Clear cytotoxic/genotoxic effects were ob-
tained after direct treatment with RP. The genotoxic
activity obtained after treatment with PE from
plants grown from seedlings of H. vulgare previ-
ously treated with RP was close to that of observed
after direct treatment with RP with the lower con-
centration 0.9 pg/ml.
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EVIDENCE OF IN VIVO GENOTOXICITY INDUCED BY EXTREMELY LOW
FREQUENCY ELECTROMAGNETIC FIELDS COMPARED WITH IONIZING
RADIATION AND A CHEMICAL MUTAGEN
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A bstract: Electromagnetic fields (EMFs) and waves, encompass a ubiquitous and very broad range of
frequencies in the modern environment. The aim of the present study was to evaluate the genotoxic potential of 60-Hz
EMFs compared with ionizing (gamma rays) radiation and Mitomycin-C (MMC), a well-known genotoxic agent. The
frequency of micronucleated polychromatic erythrocytes (MN) in bone marrow was evaluated in three-month-old male
BALB/c mice exposed to 0.1Gy, 0.2 Gy, and 1.0 Gy gamma rays, 1.0 mT, 1.5 mT, and 2 mT EMF, 5 mg/kg MMC
alone or the combinations 0.1, 0.2, or 1 Gy + MMC, and 2.0 mT EMF + MMC. Statistically significant differences on
MN frequency due to genotoxic effect were observed after exposure to 1.0 Gy gamma rays, 1.5 and 2.0 EMFs, and
MMC, as compared with controls. In addition, co-exposure to gamma rays and MMC significantly increased MN fre-
quency, as compared with treatments alone. In contrast, an antagonistic effect between EMF treatment and MMC was
observed. In conclusion, the present study indicates in vivo susceptibility of mice to the genotoxicity potential of EMFs
compared with ionizing radiation and a chemical mutagen.

Key words: extremely low frequency magnetic fields; ionizing radiation; chemical mutagens;
micronucleus test, genotoxicity

JOKA3HU 3A IN-VIVO TEHOTOKCUYHOCT NNPEAU3BUKAHA Ol EJIEKTPOMATI'HETHHA
HOJINIbA CO HUCKA ®PEKBEHIIMJA CIHOPEJEHO CO JOHU3UPAHA PATUJALINJA
N XEMUCKU MYTATEHHA

A1 cTpaxT: EnekrpomaraetHure nomima (EMFs) i OpanoBu orndakaar MHOTY IIMPOK CIIEKTap Ha GpPEKBEH-
IIMM BO COBPEMEHOTO ONKpYyXKyBame. [{enta Ha oBaa cTyauja Gemie Ja ce OLEHN T€HOTOKCHYHHOT MOTEeHIHjal Ha 60
Hz EMF Bo criopen6a co joHH3upavkoTo 3pauetse (rama 3paiu) 1 MutoMuind-1 (MMC), 1o6po mo3HaT reHOTOKCHYeH
arerc. dOpekBeHIMjaTa Ha MUKPOHYKJIeapHH monuxpomarcku eputpouutd (MN) Bo KockeHaTa cpleBHHA Oerie
olieHeTa Kaj TpuMeceunu mMamku BALB/c riyBum n3noxenu Ha 0,1 Gy, 0,2 Gy u 1,0 Gy rama 3panu, 1,0 mT, 1,5 mT
u 2 mT EMF, 5 mg/kg MMC oxznento wmu Bo kombunarmu 0,1, 0,2 wmm 1 Gy + MMC u 2,0 mT EMF + MMC.
CTaTUCTHUKH 3Ha4YajHU pa3nuku Ha QpekBeHnujata Ha MN mopaan reHotokcmdeH edekt Oea 3abenexaHu IO
n3noxernoct Ha 1,0 Gy rama 3pamu, 1,5 u 2,0 EMF u MMC. Ilokpaj Toa, ko-u3/10xkeHocTa Ha rama 3pand 1 MMC
3HAYHUTENHO ja 3roiemu (pexsernmujata Ha MN. Hacnporu Toa Gemie 3a0enekaH aHTarOHUCTHYKHA €(EKT momery
tpermanoT co EMF u MMC. Kako 3aki1y4ok, 0Baa CTy/lja MmoKaxa iN-vVivo 4yBCTBUTEIHOCT CIIpeMa FTeHOTOKCHYHHOT
norennujan Ha EMFS kaj riyBIuTe HaCIIPOTH jOHU3UPAUKOTO 3paueHhe M XeMHCKHOT MyTareH.

Kny4ynu 360poBH: eKCTPEMHO HUCKH (DPEKBEIUCKHA MAaTHETHH ITOJINEHA; JOHU3UPAUKO 3padeHe; XeMHICKH MyTareHH;
MHKPOHYKJICYCEH TECT; TeHOTOKCHYHOCT

AIMS AND BACKGROUND modern technology has largely developed using en-
L ergy forms, of which the most relevant is electricity.
Exposure to electromagnetic fields (EMFs) In fact, it has been determined that living in a major

and waves is a common feature of modern life. The metropolitan region will increase at least three-fold
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exposure to environmental EMFs than that of organ-
isms living in suburban or rural areas [1], although
the level of exposure depends on the proximity and
time of exposure to a radiation source.

EMFs and waves are reported to produce direct
and indirect effects on genes and chromosomes of
living beings, which depend on many physical,
chemical, and biological factors [2]. They may be
visible or not, immediately after exposure. How-
ever, there may be subtle changes only detectable
upon careful laboratory study, or be apparent after a
long period of time.

The understanding of the interaction of EMFs
with living systems is progressing in a wide range
of areas [3]. Nowadays, the increasing amount of re-
search related to the evaluation of EMFs genotoxic
effects, lead to consider the potential risk associated
with EMFs exposure. EMFs have been classified as
“possibly carcinogenic” by the International
Agency for Research on Cancer [4]. Some publica-
tions have reported associations between EMF ex-
posure and DNA damage [5 — 9], but other studies
contradict such findings [10 — 14].

Cytomorphological changes, such as micronu-
clei (MN), indicative of genomic damage, are bi-
omarkers of genotoxicity. We recently presented
evidence of genotoxicity induced by 60 Hz mag-
netic fields on mice bone marrow as assessed by mi-
cronucleus test [15] statistically significant differ-
ences suggestive of EMFs genotoxic effects were
observed for MN frequency, when comparing EMF-
exposed and control animals at 1.5 and 2.0 mT of
magnetic flux density. However, the issue of geno-
toxic potential of EMFs is controversial. Absence of
independent replication has been a common charac-
teristic of experimental studies searching for weak
EMFs biological effects [16]. The current study was
aimed to further evaluate the possible genotoxic ef-
fect of 60 Hz sinusoidal magnetic fields compared
with ionizing, gamma radiation, and a well-known
genotoxic drug, mitomycin C (MMC) on bone mar-
row cells of whole exposed mice by means of the
micronucleus test.

Animals. Sexually mature, 3-month-old male
BALB/c mice (25-30 g) were used. Animals were
born and raised in our breeding colony. After a 10-
day quarantine period, they were then randomly dis-
tributed into experimental and control groups. This
research project fulfilled all requirements of the
University’s Animal Care and Use for Research
Protocol, which is based on the National Guidelines
for Ethics and Biosafety under the General Law of
Health for issues regarding Health Research, Minis-
try of Health, Mexico City.

Treatment protocol. Twelve treatment regi-
mens were considered: (1) animals exposed to
0.1 Gy of gamma rays, (2) 0.2 Gy of gamma rays,
(3) 1.0 Gy of gamma rays, (4) 5 mg/kg MMC, (5)
0.1 Gy of gamma rays + MMC, (6) 0.2 Gy of
gamma rays + MMC, (7) 1.0 Gy of gamma rays +
MMC, (8) 1.0 mT EMF, (9) 1.5 mT EMF, (10) 2.0
mT EMF, (11) 2.0 mT EMF + MMC, and (12) con-
trols, animals not exposed to any physical or chem-
ical agents. For ionizing, gamma ray irradiation, an
acute exposure was considered and 72 h after the ra-
diation treatment, animals were sacrificed and then
MN test was performed. For EMF exposition, a 72
h exposure was carried out and the MN frequency
was analyzed at the end of the electromagnetic treat-
ment. The exposure time of 72 h was chosen be-
cause it is known that the period of differentiation
from stem cells to mature polychromatic erythro-
cytes in mice is about 72 h [17]. Six animals were
used for each treatment regimen and controls.

Gamma-ray exposure. Animals contained in
plastic cages were exposed to ionizing gamma ray
radiation using a Cobalt-60 irradiator, model Gam-
macell 220 (MDS Nordion, Ontario Canada), at a
dose rate of 0.740 kGy h2.

MMC-treatment. Animals were injected i.p.
with 5 mg/kg of MMC, dissolved in sterile bi-dis-
tilled water. After 72 h of injection, mice were sac-
rificed. In the case of negative controls, only the ve-
hicle (distilled water) was i.p. injected.

EMFs exposure facilities. A standardized mag-
netic field exposure device of similar characteristics
was used [13, 15, 18]. A coil was built by winding
552 turns of 1.3 mm diameter enamel insulated cop-
per wire to form a cylindrical solenoid with a radius
of 13.5 cm and a length of 71 cm, which was con-
nected to a step-down transformer and to a variable
transformer, plugged to a 110 VV AC source. Ani-
mals were allocated in the middle of this solenoid
where the EMF was homogeneous, and kept at a
temperature of 25 + 0.2°C and 45% humidity. An
equal number of sham-treated animals were used as
controls and were placed in the same room into an
EMF device of identical design as the one men-
tioned above, but it was turned off.

Magnetic flux density (rms) was measured us-
ing an axial Hall-effect probe (Bell FW 6010 Gauss-
meter, Orlando, FL, USA). An oscilloscope (BK-
Precision model 2120) was coupled to the system to
monitor the resulting field. A 60 Hz alternating si-
nusoidal EMF was then generated. The EMF fre-
guency content was nearly pure 60 Hz (<2% total
harmonic distortion). The local temperature, inside
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the solenoids with baffles present but without ani-
mals, was measured setting the Bell FW 610 Gauss-
meter in Temp mode. The temperature value aver-
age was 25.0 £ 0.114 when the field was on and 24.6
+ 0.121°C without current in the coils; no statisti-
cally significant differences were observed between
two solenoids (Kolmogorov-Smirnov test for nor-
mality, followed by paired t-test).

In order to keep the geometry of exposure, a
plastic separator was placed inside the solenoid to
allow the placement of uncaged mice in predeter-
mined zones where the rms value of the EMF was
1.0, 1.5 and 2.0 mT. A food container and a water
bottle were also placed inside these compartments.
Animals were given water and food ad libitum.

The magnetic field ambient background level
was <0.4 uT. Moreover, the local geomagnetic field
was also measured, setting the Gaussmeter in DC
mode and by using an axial high sensitivity Hall
probe (Integrity Design IDR-321 geomagnetometer,
Essex Jct., VT). The average value was 20 uT
within the exposure room.

Micronucleus test. Following animal’s death
by cervical dislocation, the frequency of micronu-
cleated erythrocytes in bone marrow was evaluated
according to the procedure of [19]. Decoding of the
slides was done after finishing the microscopic anal-
ysis. All chemicals were supplied by SIGMA-AL-
DRICH (USA).

Statistical analysis. The statistical signifi-
cances were calculated among groups by using the

nonparametric methods and of Kruskal-Wallis and
the Mann-Whitney U test from non-normal data dis-
tribution. The normality of the data was estimated
by the Kolmogorov-Smirnov test (p <0.05). All
analyses were performed by using SPSS package
version 22.0. Differences were considered to be sig-
nificant when p values were lower than 0.05.

RESULTS AND DISCUSSION

The design of the present study evaluated the
clastogenic potential of 60 Hz EMFs compared with
ionizing (gamma rays) radiation and MMC, on the
frequency of MN in bone marrow polychromatic
erythrocytes. Additionally, three dosages of ioniz-
ing gamma-rays of 0.1, 0.2 and 1.0 Gy, and com-
bined treatments with MMC for each dose were
tested. Figure 1 shows the MN frequencies for
eleven treatment regimens and controls. An in-
creased MN frequency in 1.5 and 2.0 mT, 72 h-ex-
posed animals was observed (p < 0.05), whereas no
variation in MN frequency was observed for mice
exposed to EMFs, 72 h at 1.0 mT when compared
with unexposed negative controls. Animals treated
with 5 mg/kg of MMC showed higher MN frequen-
cies when compared with negative controls. With
regard to ionizing gamma rays, an elevated MN fre-
quency was observed for 1.0 Gy exposure condi-
tion, but no variations were found for 0.1 and 0.2 Gy
treatments compared to controls.
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Fig. 1. Effect of non-ionizing 60 Hz EMFs, ionizing gamma rays, and 5 mg/kg of MMC as a chemical mutagen, and combined
treatments on frequency of MN/2000 PCEs. Bars represent arithmetical means + SD of 6 replicates per group.
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In addition, Figure 1 also shows a synergistic
effect when gamma rays and MMC were applied
simultaneously to the animals at all dosages. On the
contrary, when animals were co-exposed to EMFs
and MMC, an antagonistic effect in terms of MN
frequency was observed. The treated animals
showed, in spite of the genotoxicity of the MMC,
lower MN frequencies when compared with ani-
mals treated with MMC alone.

Regarding the comparison among non-ioniz-
ing EMF radiation, gamma rays ionizing radiation,
and the chemical mutagen MMC, it was noted that
1.0 Gy treatment and 5.0 mg/kg MMC showed sim-
ilar values, higher than those observed for 2.0 mT
EMF treatment. However as explained above, mag-
netic treatment increased the MN frequency as com-
pared with negative un-exposed mice.

The amount of genotoxic effects related to ra-
diations and chemical mutagens is large, neverthe-
less, we confined our in vivo experimental investi-
gation to a single parameter; the frequency of MN
as a biomarker for a genotoxic effect. In the present
study, was found an elevated frequency of MN in
PCE of mice bone marrow cells indicating of geno-
toxicity attributed to EMF exposure when compared
with the well-known clastogenic agents ionizing
gamma-ray radiation and MMC [20]. For gamma
rays 1.0 Gy treatment, and 5 mg/kg MMC, an ele-
vated MN frequency was found with very similar
values as compared with 2.0 mT EMF exposure.
The knowledge of the genotoxicity of ionizing radi-
ation, and now by EMFs, leads to a wider concern
about possibly similar effects of nonionizing elec-
tromagnetic radiation other than EMFs as for in-
stance; radiofrequency and mobile phone signals.
For instance, it is known that the interaction of
EMFs and waves with biological systems is fre-
guency-dependent. High frequencies, i.e. ionizing
radiation possess more energy and different interac-
tion mechanisms than the low ones.

In regard to the potential genotoxicity of ex-
tremely-low-frequency-EMFs, the recent work
showed evidence of genotoxicity induced by acute
and expanded exposures to a 60 Hz magnetic field
on mice bone marrow as assessed by the same in
vivo micronucleus test [15]. In spite of increasing
evidence of potential genotoxicity of EMFs, this
concern is yet controversial. Many researchers
agree that living beings could be adversely affected
by exposure to this non-ionizing electromagnetic ra-
diation [19, 20]. In the present study, an evidence of
a genotoxic effect induced by in vivo exposure to 60
Hz at 1.5 and 2.0 mT magnetic fields on mice bone

marrow cells was found. These results agreed with
others using the MN assay, suggesting a genotoxic
effect associated to magnetic field exposure [14,
15]. Furthermore [16], suggested a clastogenic po-
tential of intermittent low-frequency EMFs, which
may be associated to significant chromosomal dam-
age in human diploid fibroblasts. In addition [17]
found an augmented MN frequency in Wistar rat
tibial bone marrow cells exposed to long-term ex-
tremely-low-frequency EMFs, compared with non-
exposed and acutely exposed animals [18]. ob-
served a significant increase in new born rat bone
marrow cells MN frequency, suggesting a clasto-
genic effect by magnetic field exposure. More re-
cently [19], found a slight genotoxic damage when
mice were exposed to 50 Hz, 65 UT magnetic field,
24 h/day, for a total of 30 days, starting from 12
days post-conception as assessed by the MN test. In
contrast, there are several studies showing lack of
magnetic field exposure-mediated genotoxic or cy-
totoxic effects [10, 11, 12]. Recently [13] reported
an absence of genotoxicity in a very sensitive model
of human lens epithelial cells in vitro, examined by
alkaline comet assay after an exposition to 0.4 mT
EMF.

The controversy about EMF cytotoxic effects,
derives from the fact that many scientists believe
EMF devices emit little energy and are therefore too
weak to have any effect on cells. Furthermore, the
inconclusive nature of laboratory experiments turns
this concern very difficult.

The results of the present study did not find al-
terations in MN frequency when animals were ex-
posed to 1.0 mT magnetic flux density compared
with controls. However [14] reported a statistically
significant incidence of chromosomal aberrations
when cultured human lymphocytes were exposed to
a very similar intensity of 1.05 mT of pulsing 50 Hz
magnetic fields. This magnetic field strength of 1.0
mT agreed with the threshold limit value (TLV) es-
tablished for extremely-low-frequency EMF since
1994 by the American Conference of Governmental
Industrial Hygienists [15]. In a study conducted by
[13] there was a large discussion on this topic, and
taking in account the opinion of scientists and other
risk experts, they concluded that TLV for 60 Hz
magnetic fields should be revised to be made
stricter. Nevertheless, it has been recently estab-
lished that EMF exposure levels reaching 1.0 mT do
not induce breakage of DNA strands. Moreover, the
DNA repair system is not perturbed by this exposure
strength [17]. Furthermore, it was observed that
EMF exposure at 1.0 mT and 60 Hz did not enhance
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the MN frequency in mouse embryonic fibroblast
NIH3T3 cells and human lung fibroblast WI-38
cells [18].

Regarding the issue that weak fields may have
too little energy to cause genotoxic effect or DNA
damage, it has been proposed that because low fre-
guency electromagnetic radiation does not transmit
enough energy to affect chemical bonds, it is gener-
ally accepted that EMFs are not capable of damag-
ing the DNA directly [19]. Nevertheless, several hy-
potheses have been put forward of how EMFs might
indirectly affect DNA structure. Secondary currents
and, hence, a movement of electrons in DNA might
be induced [10]; this may generate guanine radicals,
which upon reaction with water may be converted
to oxidative DNA damage [20]. In a recent study,
[12] reported that human primary fibroblasts ex-
posed to 50 Hz EMFs induced a significant increase
in DNA fragmentation, as tested by the Comet as-
say. Moreover, they showed that EMF-induced re-
sponses in the Comet assay were dependent on cell
proliferation, suggesting that processes of DNA rep-
lication rather than the DNA itself may be affected.

On the other hand, the obtained results showed
an antagonistic effect between EMF exposure at 2.0
mT and MMC in terms of MN frequency. There are
many reports attempting to investigate the possibil-
ity of antagonistic or synergistic effect by co-expo-
sure conditions for a variety of radiations, chemi-
cals, and cytological endpoints. Such antagonistic
effect between magnetic fields and MMC, after
measuring cell kinetics and mitotic rate in human
lymphocytes treated with magnetic fields with iden-
tical characteristics of those used in the present
study have been previously reported by [13] and for
chromosomal aberrations and sperm morphology in
germ cells of mice [14], at the same co-exposure
conditions used in this report. In contrast, in vitro
research developed by [14, 15] on different cell sys-
tems, provided evidence for a lack of an antagonis-
tic or synergistic effect between continuous and
pulsed microwaves at different power densities and
MMC, Adriamycin and Proflavin. In addition [16]
did not find any antagonistic or synergistic effect on
cell cycle progression of radio frequency electro-
magnetic radiation and Adriamycin.

Several studies have reported synergistic ef-
fects. [17] reported an enhancement of genotoxicity
of cisplatin nanocomposite combined with an expo-
sure to magnetic fields in MCF-7 human breast can-
cer cells determined by MN test and Comet assay.
In addition, a synergistic effect between gamma ray
exposure and MMC treatment in terms of MN
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frequency was observed for this co-exposure
condition in the present study, and these findings
agreed with previous reports [18, 19].

CONCLUSION

In conclusion, the present in vivo study sug-
gests that 60 Hz magnetic fields can induce a clas-
togenic effect in mice after a magnetic field expo-
sure at 1.5 and 2.0 mT, in a similar way as that gen-
otoxicity induced by ionizing radiation and a well-
known mutagenic agent. In addition, an antagonistic
effect between EMF and MMC, in terms of MN fre-
quency was observed. On the contrary, a synergistic
effect was found in mice co-exposed to gamma rays
and MMC. Nevertheless, we believe that further ex-
periments are required, recruiting more DNA dam-
age endpoints, i.e. comet assay and chromosomal
aberrations to corroborate and definitely resolve the
controversy concerning the possible genotoxic risk
associated with magnetic fields. In the past century,
ionizing radiation effects were widely studied; now-
adays, the non-ionizing band of the electromagnetic
spectrum will probably turn out to be far more sig-
nificant than anyone heretofore imagined. There is
the distinct possibility, for instance, that entrain-
ment phenomenon, resonance relationships, and
other reactions to non-ionizing electromagnetic
fields will prove to be a critical, but hidden, variable
in all scientific research, be it experiments with an-
imals, environmental observations in the field, la-
boratory experiments using culture specimens, or
epidemiology studies tracking disease states in the
population.
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RURAL AREAS IN SERBIA AND CLIMATE CHANGE
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Abstract: In Serbia, 75.1% of the territory are rural areas where approximately 49.9% of the total population
lives, and average population density is about 62 inh/km?. There are 6,158 settlements in Serbia, of which 193 are urban
(3.1%) and 5,965 are “other settlements”, which are considered as rural villages and which have rich natural resources.
Like in other countries, rural areas in Serbia are underdeveloped and they are one of threats for sustainable regional
development. In order to promote their further development and overcome all negative impacts, it is necessary to have
multidisciplinary approach and to take into account all possible impacts, among others also climate change. This paper
discusses impacts of climate change on rural areas in Serbia and possible measures for adaptation. Both urban and rural
areas are facing effects of climate change and one of the main tasks of modern spatial planning is to define a model for
revitalization as an instrument for the adaptation of settlements to climate change, and in order to overcome, among
other things, existing environmental problems and reduce pollution of the environment. Successful model for adapta-
tion, should be based on vulnerability assessment and should consider both short and long—term impacts in order to
make resilient settlements.

Key words: rural areas; climate change; adaptation of settlements; vulnerability assessment

PYPAJIHU PETUOHU BO CPBUJA U KIUMATCKHUTE IPOMEHU
— BJIMJAHNJA U MOXXHU MPABIIU 3A AJATITAITNJA —

AnctpaxkT: BoCpbuja 75,1% ox TepuropujaTa 3aakaaT pypaTHUTE MOApatja BO KOUIITO xkuBeat 49,9% ox
BKYIHOTO HACENIEHUE, a CPEIHATA I'yCTHHA Ha HACEIEHHETO € 0Koiy 62 xwurenu/km?. Bo Cpbuja uma 6.158 Hacenenu
MecTa, o kou 193 ce ypbanu (3,1%) u 5.965 ce ,,Apyru HacenOu™, KOM ce CMETaaT 3a PypalHH Cella U KOW MMaar
Ooratu mpuponHu pecypcu. Kako u Bo npyru 3emju, pypannure obnactd Bo CpOHja ce HEJOBOJHO Pa3BHEHH H
NpPETCTaByBaaT 3aKaHa 3a OJPXKIMBHOT PErHOHAIEH Pa3Boj. 3a Ja ce MPOMOBHpA HHUBHHOT MOHATaMOIIEH pa3Boj,
HEOIXO/THO € Ja Ce UMa MYJITHIMCLMILUTHHAPEH IPUCTAI  JIa Ce 3eMaT MPEIBU CUTE MOXKHH BIIMjaHH]ja, Mel'y IPYroTo
U KIMMaTCKUTE MPOMEHH. Bo OBOj Tpya ce pasriieqyBaaTr BiHjaHHjaTa Ha KIMMATCKUTE MPOMEHU BpP3 PypalHHTE
o6mactu Bo CpOHja 1 MOXKHHTE MEPKH 3a amanrtanuja. M ypbanute u pypaaHuTe 001aCTH c€ COOUyBaaT co epeKTH 01
KIMMAaTCKHUTE IPOMEHH, a e/[Ha OJ] [JIaBHUTE 3a/1a41 Ha COBPEMEHOTO ITPOCTOPHO IUIAHUPahe € Ja fehHHIpa MOJIeN 3a
peBHTaNM3aIMja KAKO HHCTPYMEHT 3a ajlanTalyja Ha Hacea0uTe KOH KIMMATCKUTE IIPOMEHH | CO LielT 1a Ce HaJMUHAT,
Mefy Apyroto, l'lOCTOjHI/ITe CKOJIOIIKHU HpO6HeMI/I U J1a C€ NpUCTAIIM KOH HaMaJlyBalk€ Ha 3aralyBalbeTO Ha )KUBOTHATa
cpeuHa. Y CIelleH Mo/ie 3a Iprucroco0yBame Tpeba 1a ce 6a3upa Ha NpoLieHa Ha paHIMBOCTa U Tpeda Jia ' pasriena
Y KPaTKOPOYHHTE U JIOJITOPOYHHTE BIMjaHH]ja, CO IIeN a ce HarmpaBaT (IIeKCHOMITHHA Hace0u.

Kuayunu 360poBu: pypanHu nojapadja; KIMMAaTCKH IPOMEHH; aJlanTanyja Ha HaceJI0H; IPoIeHa Ha PaHIMBOCTA

AIMS AND BACKGROUND Because of natural resources and agriculture pro-

ductions, these areas are main “food producing

Rural areas are defined as areas with very low hubs‘ and they play very important role in develop-
population density (less than 150 inh/km?) [1] and ment and supply of urban areas. According to

with agriculture and husbandry as main activities. European Comission statistics from 2015. in the
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states members of European Union (EU) lived about
28 % of total population, around the world almost
half the world’s population and about 70% of the
developing world’s poor people, and at the same
time in Serbia 37.4% of total population lived in ru-
ral areas [2]. If we apply definition according which
in rural areas main physical and geographical char-
acteristics of land use are for the needs of forestry,
livestock and agriculture, in Serbia approximately
70% of the territory is rural [3]. Because of uneven
economic development there are huge differences
between urban and rural areas. It is very difficult to
define strict and clear line between urban and rural
because of numerous classifications, and also be-
cause of territory overlapping. Because of the
spreading of urban territory, some rural settlements
became part of urban sprawl but they remain rural
in character. In general, urban residents have better
possibilities for education, health care and transpor-
tation than population in rural areas.

Serbia is candidate for membership in EU and
because of that many of the regulations regarding
rural areas and rural development from European
legislation have impact on the situation in Serbia.
EU has development policy for rural areas with
main goal to meet all the challenges that rural set-
tlements are facing and to improve sustainable de-
velopment of settlements and different regions. In
2014, EU Commission issued Rural Development
policy priorities in the 2014-2020 programming [4]
within which six main priorities were defined:
pl_Knowledge Transfer and Innovation; p2_Farm
Viability and Competitiveness; p3_Food Chain
Organisation and Risk Management; p4_Restoring,
Preserving and Enhancing Ecosystems; p5_Resour-
ce-efficient, Climate-resilient Economy; p6_Social
Inclusion and Economic Development. Within
priority 5, 5 focus areas were defined: Increasing
efficiency in water use by agriculture, Increasing
efficiency in energy use in agriculture and food
processing, Facilitating the supply and use of
renewable sources of energy, Reducing greenhouse
gas and ammonia emissions from agriculture and
Fostering carbon conservation and sequestration in
agriculture and forestry. Priority 5 and focus areas
within, foreseen measures for adaptation on climate
change and they are mainly focused on agriculture
and husbandry — as main activities in these areas,
food processing and gas emissions regarding agri-
culture and forestry. Financing of rural development
is through the European Agricultural Fund for Rural
Development and it is 30% of the total contribution
from this fund should be used for climate change
mitigation and adaptation as well as environmental

issues for each development program [5]. One of the
questions that was raised within these development
programs is also life quality which is important fact
because it can prevent negative depopulation trend
and transform rural settlements in more attractive
place for living [6, 7].

Within the Spatial Plan of the Republic Serbia
for the period 2010-2014-2021 [8] three structural
types of rural settlements and their disposition were
defined. As the first type — successfully integrated
areas — which feature favorable socio-economic and
spatial indicators of development as well as more
developed economy. The second type are the central
rural areas where rural settlements are in direct con-
nection with urban settlements and beside agricul-
ture, there is also an "industry in development" as
well as service activities. The third type of settle-
ment consists of settlements in southern, eastern and
partially western Serbia. Settlements of this type are
quite heterogeneous, but they are located on periph-
eral — edge regions of the Republic of Serbia and
because of that they are called remote rural areas. In
the rural areas of western Serbia, tourism and cater-
ing are the main activities, while agriculture is un-
derdeveloped. In eastern and southern Serbia, the
situation is different, and production is directed to-
wards the utilization of natural resources and agri-
culture in areas where this is possible due to geo-
morphological characteristics. The greatest threats
for rural areas in Serbia is depopulation trend and
there are many settlements with less than 100 resi-
dents and according census from 2011 there were
total 84 of these settlements [9]. These settlements
are mainly on the “periphery” — border region and
on mountains where, on the other hand, are the
greatest areas of agriculture and forestry land but
with mainly elderly population, undeveloped infra-
structure service and extreme depopulation trend
[10]. Depending on demographic structure, rural ar-
eas can be divided in 4 types: Progressive type
(around urban areas and regional centres), Stagnant
type (mainly in VVojvodina), Regressive type (cent-
ral Serbia) and Dominant regressive type (southeast,
southwest and part of east Serbia) [11].

Awareness of climate change impacts is not
developed in Serbia and the first documents and ac-
tions were adopted in 2004 because of membership
in EU. Agency for energy efficiency was estab-
lished with main goal to improve energy saving and
energy exploitation — consumption in general. This
Agency adopted 3 action plans so far and they are
all for different periods starting from 2010, but in
last action plan saving in energy consumption in
2018 of 0.7524 Mtoe was predicted [12]. Serbia

Mech. Eng. Sci. J., 36 (2), 231-239 (2018)



Rural areas in Serbia and climate change — impacts and possible directions for adaptation 233

ratified the Kyoto Protocol in January 2008 and in
2011 document Efficient ways for GHG emissions
reductions within the post-Kyoto framework in
Serbia was adopted [13]. Because Serbia is in group
of developing countries, there are no quantitative
obligations regarding GHG emissions in the first
stage, but still all the obligations regarding estab-
lishment and implementation of measures and
activities for achieving goals of Convention must be
applied. Currently, Strategy for climate change
together with Action plan [14] is being in the
preparation process. The Strategy will identify pri-
ority measures for GHG (mitigation) emissions, as
well as the time framework for implementation and
the total financial resources needed.

Within strategy 6 group results are defined:
Assessment of the existing policy framework in the
field of climate change in Serbia; Development of
basic scenarios of greenhouse gas emissions for
2020, 2030 and 2050; Development of scenarios of
greenhouse gas emission reduction (mitigation) for
2020, 2030 and 2050; Assessment of the impact of
greenhouse gas emission reduction scenarios on
economy, society and the environment for 2020,
2030 and 2050; Assessment of the adaptation
options for climate change for 2030 and 2050;
Preparation of the Final Draft of the Strategy for
facing Climate Change with the Action

This paper discusses impacts of climate chan-
ge in rural areas in Serbia. As these areas represent
majority of total territory surface and they are ex-
posed to many natural hazards it is obligatory to
have strategies and programs for their adaptation
and protection in order to promote their sustainable
development.

RESULTS AND DISCUSSION

Climate changes are mainly consequences of
direct human impact because of intensive harmful
emissions caused by rapid urbanization and uncon-
trolled land use. Because of that, urban environment
has different bioclimatic factors than rural areas and
process of urbanization changes natural environ-
ment and atmospheric conditions [15]. In Serbia
awareness of climate change is not developed adeg-
uately and even there are many documents regard-
ing plans and programs for reduction of negative
impacts, still concrete actions and measures are not
implemented. During last few years many extreme
weather — hazard events occurred such are floods in
2014 which activated numerous of landslides along
the country. Beginning of 2018 is also marked with
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rain and snowfalls which caused many floods and
landslides especially in Nisava district. Because of
lack of actions and documents on local level, many
times local authorities are prevented and not techni-
cally prepared to react immediately and also lack of
finances is huge problem. Depopulation of rural ar-
eas and very low income are great threats to their
“survival” and also to climate change adaptation
[16].

As it was mentioned earlier, there are different
typologies of rural areas and in this research classi-
fication according Spatial plan will be used [8]. Be-
cause of very dynamic and diverse topography,
there are huge differences amongst rural areas in
Serbia and also there are different natural hazards.
Common for all the rural areas is that they have
great potential in use of RES but inadequate infra-
structure for exploitation.

In Serbia the regulations that are adopted are
very general and they are mutual for entire country
without differences between rural and urban. As
main weakness is also that local communities in
rural settlements, but also some local authorities of
nearby cities have no instructions and programs for
reacting in emergency situations. Everything goes
on state level and just few “bigger” cities have some
technical equipment. Municipalities that are in the
mountains and border regions are underdeveloped
and very poor connected with other settlements and
it occurs that after heavy snowfalls or huge
landslides some settlements are “cut off”.

Distribution of different types of rural areas is
shown on the Figure 1 where it is obvious that
within one type there are different population den-
sity values. The greatest number of risk events is
possible in the southern part of the country where
dominantly rural areas are.

As main natural risks in Serbia are:

Seismic activity: Many earthquakes with
different magnitude occured on the territory of
Serbia. It is considered that approximately 63.2% is
the probability of earthquake occurrence with a 100-
years period of the observed seismicity [17]. The
most vulnerable is territory of central Serbia (Figure
2) where in last decade was very destructive
earthquake in city of Kraljevo. This teritory has
large number of “central rural settlements* — type 2
in Spatial plan with density in range od 50-150
inh/km?. Seismic activity is great threat because
beside immediate disaster it can provoke many
cascade events. Earthquakes are direct threat to
residents lives, agriculture land and forest land.
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Fig. 1. Rural areas typology
Source: Strategy for Spatial Development of Republic Serbia
for period 2009-2013-2020
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Fig. 2. Map of earthquake epicenters in Serbia
Source: Seizmological Survey of Serbia:
http://www.seismo.gov.rs/Seizmicnost/Karte_hazarda_l.htm

Landslides and land erosion: Map of terri-
tory endangered by landslides and land erosion is
shown on the Figure 3. It can be seen that mainly
territory south from Danube river flow is affected
by this hazards. The greatest landslide was in 70-ies
in the village of Zavoj when because of heavy snow
and rainfall landslides on Mt. Stara Planina started,
3 villages were submerged and artificial Zavoj lake
was formed. Large number of landslides was
activated after 2014 floods in Obrenovac. In March
2018 many of the landslides were activated because
of heavy rain and snowfall and the most endangered
is NiSava district where many rural settlements are
flooded and road network to some of them is de-
stroyed by landslides. Soil erosion is also highly ex-
pressed on mountainous areas and along river banks
and it represents great threat to agriculture produc-
tion. These two hazards are often caused by some
extreme weather event and they have destructive
impact on built area and also on agriculture and for-
estry land.

B 1andslides
- excessive erosion

Fig. 3. Landslides and erosion map
Source: http://indicator.sepa.gov.rs/pretraga/indikatori/sve
find/5de1925a414949f08424844496985a00

Floods and torrential floods: Serbia has huge
hydropotential because of very rich water flows.
Because of specific climate conditions and also
because of heavy rains that are not frequent but

Mech. Eng. Sci. J., 36 (2), 231-239 (2018)


http://www.seismo.gov.rs/Seizmicnost/Karte_hazarda_l.htm
http://www.seismo.gov.rs/Seizmicnost/Karte_hazarda_l.htm
http://indicator.sepa.gov.rs/pretraga/indikatori/sve
http://indicator.sepa.gov.rs/pretraga/indikatori/sve

Rural areas in Serbia and climate change — impacts and possible directions for adaptation 235

during spring and summer months can cause floods.
In mountainous regions, there is higher risk of tor-
rential floods which are often caused by snow melt-
ing. The greatest floods are along the flow of
Danube — the biggest river in the country, but
significant are also floods along other big rivers —
NiSava, Morava, Toplica... On Figure 4 there is a
map of most significant floods in the past and on
Figure 5 areas that are most threatened by floods.
The most endangered are areas in VVojvodina which
is part of the greatest flat land Panonija. This area is
mainly with agriculture land and with large number
of rivers and canals that are affluent to Danube.
These floods have negative impact on agriculture
and food production and they are characterized as
long-lasting floods. On the other side, torrential
floods are mutual impact with soil erosion and they
are “responsible” for topography in hilly and
mountainous regions. Torrential floods emerge by
expressed action of climatological and meteoro-
logical factors, such are large showers and thunder-
storms, and they are manifested by diversity, high
speed of formation and short duration [18]. This
natural disaster is very dangerous because it is
completely unpredictable and often followed by
human victims.
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Fig. 4. Map of significant past floods,
Source: http://www.ingkomora.org.rs/materijalpo/download/
2015/ 20151216_6708_ODBRANA_OD_POPLAVA pdf
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I line water
I Potential future floods

Fig. 5. Areas endangered by floods
Source: http://www.ingkomora.org.rs/materijalpo/download/
2015/20151216_6708_ODBRANA_OD_POPLAVA .pdf

In Serbia torrential floods are most expressed
in west Serbia, mountain region in central Serbia,
southeast and east part (Figure 6). Most fertile land,
where main producers of vegetables are, is along the
South Morava river banks and often because of the
floods all of the crops are destroyed.

Drought: Because of extremely high tempera-
tures and not very often rains during summer period,
drought is one of the biggest problems for agricul-
ture. Drought periods can be very long during sum-
mer months and also in spring and autumn, and they
can cause drying of crops and reduction of yield. Di-
vision of territory regarding droughts and droughts
in period 2000-2012 are shown on Figures 7 and 8.
Serbia is divided in 3 regions according different
probability of droughts and percentage of years that
are characterized by droughts. Regions 1 and 3 have
almost same percentage of years characterized by
droughts about 45%, and according conducted study
approximately 70% of the frequency of drought be-
longs to the near normal drought category [19].
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Fig 6. Map of river / torrential floods
Source: https://www.osce.org/sr/serbia/148311?download=tr ue
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Fig. 7. Drought regions in Serbia
Source: M. Gocié, S. Trajkovié: NatRisk project, available:
http://slideplayer.com/slide/12333229/

Serbia

-3.01953 1956 1964 1972 1980 1988 1996 2004 2012 .wms 1956 1964 1972 1980 1988 1996 2004 2012
W Exeemelywet [l Verywet Moderately wet Near normal
I Moderate drought [l Severe drought [l Extreme drought

Fig. 8. Droughts in period 2000-2012

Source: M. Gocié, S. Trajkovié: NatRisk project, available:
http://slideplayer.com/slide/12333229/

Forest fires: Fires in general represent great
threat to built area, soil fertility and human’s lives
(Figure 9). Fires are spreading rapidly in forests and
they are also known as wild fires. In Serbia, forest
and agriculture fires are often during summer be-
cause of heat waves but also because of disregard of
people who use flame in forest and also burn straw.
On the field after plow there is straw that residents
burn and this straw can be used for heating and es-
timated energy value for heating is approximately
16 MWh/ha. By using the straw residue, only in the
Nisava district approximately 1.500 GWh of annual
energy used for heating can be saved.

Beside above mentioned natural hazards, over-
heating and extreme low temperatures are also
threat for Serbian rural areas (Figure 10). Tempera-
ture varies during years and extremely hot weather
is not only in summer which causes droughts and a
lot of damages to agriculture (high temperatures in-
itiate fruit ripening and then frost destroys yield)
but also it provokes faster snow melting and cause
floods, torrential floods, landslides and erosion.
Last decade was marked with many extreme
weather events and according to data from Hydro-
meteorological Institute, average temperatures have
changed for few degrees in last decades.

In order to develop rural areas, improve life
quality in them and to prevent negative depopula-
tion trend it is necessary to revitalize rural areas.
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Fig 9. Map of fires in Serbia
Source: http://www.forest.org.rs/files/10%20Koriscenje%
20GISa.pdf
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Fig. 10: Temperature diagram for period 1900-2010
Source; http://indicator.sepa.gov.rs/pretrazivanje-indikatora
/indikatorilat/allfindu/2541db7873af4a7c89a8af252092ce4f

How to get best results and really develop and
improve marginalized areas it is very important to
have multidisciplinary approach and to take all the
possibilities and threats into account, and amongst
them climate change as one of the major setbacks.
Climate change can have direct influence on rural
areas and settlements with extreme weather and
natural hazards or because of effects of climate
change territory becomes very vulnerable to natural
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hazards and extreme weather conditions. As it was
mentioned, government in Serbia has adopted vari-
ous strategies and programs for climate change but
they are all in general, regarding urban areas and
mainly considering only GHG emission reduction.
Strategies that exist for rural areas are not consi-
dering adaptation to climate change as one of the
factors that could significantly improve economic
and sustainable development. Rural areas and rural
settlements are in direct economic and spatial
dependence of surrounding urban areas, but urban
areas depend on rural in terms of agriculture and
food production and also in use of RES. Climate
change impact on both urban and rural areas is
increasing and it is obligatory to have measures for
mitigation and adaptation in order to prevent future
natural disasters.

First of the obstacles for adequate implement-
tation of the suggested measures is that in Serbia, in
endangered rural areas, age structure is unfavoura-
ble and main population is elderly. Another problem
is underdeveloped or completely absent infrastruc-
ture network and systems for protection from natu-
ral disasters in general. Most of the villages have no
local community office or some legal body to sug-
gest programs and solve exact problems locally. In
order to react fast and effective, study of vulnerabil-
ity risk assessment must be done for each munici-
pality and rural area or settlement within. Different
rural areas have different natural threats and pro-
grams for adaptation are not always the same and
they differentiate locally. Unfortunately, some of
the extreme weather events cause natural disasters
uncontrolled and on the land which never had that
vulnerability. This was the case in 2014 when floods
in Obrenovac caused serious of landslides on the
territory which was not threatened by floods earlier.
Because of that it is important to raise awareness of
the residents and to organize seminars and work-
shops so they can realize importance of this issue.
In case of extreme events, local community can re-
act fast and in some cause can minimize damage or
maybe mitigate disaster effects. Strategies for adap-
tation must be constantly updated because using
past adaptation strategies is not always successful.
Coping strategy from international to national and
then to local level can result with an increase in vul-
nerability degree for future events because only
short term activities were considered [20].

At the moment the greatest threats to rural ar-
eas in the county are floods and landslides emerged
due to heavy precipitation and snowfall. Almost all
villages have streams on their territory which are of-
ten place for many wild landfills — illegal waste
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disposal, and when a large amount of water comes
there is an outflow which results with floods. On the
other side, mountain streams are known by torren-
tial floods which make damage to settlement — both
built area and agriculture fertile land, and they are
direct threat to residents lives. It is important that on
the local level, protection from floods is defined and
that in case of heavy precipitation residents can be
prepared and can prevent serious disasters. Another
problem is that because of uncontrolled and illegal
construction many buildings are illegally built near
rivers and they are directly threatened by floods.
Torrential floods cause erosion of land which can be
followed by uncontrolled landslides that can be ac-
tivated on the territory which is not characterized
with that vulnerability. There are many measures for
preventing floods and one of them is also develop-
ing systems for collecting atmospheric water and
their reuse (for example for irrigation during dro-
ught months) or constructing hydropower plants on
some of potential rivers (for transforming hydro-
power). Using study of land characteristics, people
would knew soil condition for construction and
number of houses built on landslides would be re-
duced.

Opposite to precipitation and floods, heat
waves or overheating can also cause serious of prob-
lems especially to crops and humans health. As con-
sequence of long term droughts are extremely pre-
cipitations with devastating effects which cannot re-
cover crops. Overheating can also cause fires and it
is great threat to forest and agriculture land. Because
of great solar potential — solar radiation, three times
greater than in Central Europe, solar systems can be
used for collecting and transforming solar into elec-
trical energy which could supply small settlements
and help them become “off grid” in case of extreme
events. Another extreme can be heavy snowfalls and
low temperatures that can unable transportation
which was the case few years ago in Majdanpek in
eastern Serbia. Most of the rural settlements have
only one road which connects them with other set-
tlements and closing of the road because of snowfall
or landslide isolated settlement completely.

An independent organization can be formed in
order to help residents in rural areas to prepare and
to learn how to react in short time. Use of IT sector
is also very important because many systems for
monitoring can be installed on the field and const-
antly monitoring of the situation can help predicting
some of the events. Also use of technologies can
create network of smart villages that can function
completely independent thanks to RES exploitation.
Still, because of educational and age structure,

residents are often not able to use all the application
by themselves.

CONCLUSION

Rural areas represent very significant territory
of every country, they are mutually dependent with
urban areas in terms of economic development,
administration and food production. Still, rural
areas and settlements are not independent in terms
of legislation and authority which in many cases is
setback in development and protection of rural
areas. Local communities have no authonomy in
decision making neither in urgent reaction or pre-
vention process. Another dependence is financial
because local communities are directly dependent
on funds from cities or foreign funds which are in
jurisdiction of municipalities. In order to have res-
ponsible actions towards climate change adaptation,
it is necessary to involve local community — all the
residents as end users and local authorities as decis-
ion makers and a financial supporters. All the prog-
rams and strategies adopted by the state government
can be base for further detailed plans for mitigation
and adaptation to climate change impacts.

Because of diverse topography there are dif-
ferent natural conditions within Serbain territory
and also different natural hazard threats. Even cli-
mate is moderate, there are numerous temperature
deviations during year — both in summer and winter
months. Climate change has impact on weather
events which affect land and as cascade events
many natural hazards occure. Unified measures
cannot be asopted for urban and rural araes because
they are not threatened by the same negative imp-
acts. In urban areas — in cities there is air pollution
and effects of GHG are more expressed and all the
studies are oriented towards GHG emissions reduc-
tion. Protection from floods and droughts are main
problem in rural — agriculture areas, but still are not
developed. In urban areas there are often works-
hops, seminars about climate change and its nega-
tive impacts, while rural residents are not familiar
with it but still everyday they are facing conseq-
uences.

With responsible and serious measures and
controlled and efficient implementation, adaptation
and mitigation to climate change can be achieved
also in rural araes. At the moment, in Serbia main
focus is on urban area but it is certain that rural areas
must be in focus too because they are main
producers of food and agriculture products and also
main RES are in rural areas.
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A b stract With the development of society, the problem of treatment of generated waste water is getting
increasingly bigger. Polluting substances from waste waters directly affect the quality of surface and indirectly the
quality of ground water. Disturbances of aquatic ecosystems caused by the discharge of untreated waste water have
gradually increased to such a degree that the purification was imposed as a necessity. In this sense, the paper is orga-
nized as follows. The first part of the paper is dedicated to the issues of ecological status parameters monitoring, eval-
uation and assessment. The advantages and constrains of this methodology are showed at the example of relatively
large surface water body — the Danube river, class | surface water body, and relatively small water body — the Nisava
river, class III surface water body. While the ecological status assessment represents some kind of “diagnosis measure”,
the specific pollutant load represents initial water protection measure, particularly in the sense of “water pollution hot-
spot” identification, which is further elaborated within the second part of the paper. Additionally, the third part of the
paper presents an in-depth analysis of ICT application potential within various water protection segments and different
stakeholders, with particular regard to the field of specific pollutant load management, as most prominent one in almost
every modern society.

Key words: ICT; water quality management; ecological status; specific pollutant load; sustainability

IMPOIIEHA HA EKOJIOINKHUOT CTATYC HACITPOTHU CHELNU®OUYHOTO 3AI'AYBAIBE

AmncrtpaxT: Copa3BojoT Ha ONIITECTBOTO MPOOIEMOT CO TPETMAHOT Ha CO3/1a/ICHUTE OTIIaJHH BOIU CTaHYBa
c¢ moroJsieM. 3araJlyBaukiTe CYIICTaHIMU OJ OTHAIHUTE BOJH AUPEKTHO BJIMjaaT Ha KBAIUTETOT HA MOBPUIMHCKHUTE U
HMH/IUPEKTHO Ha KBAJIUTETOT Ha MOA3eMHHUTEe Boau. HapymryBamara Ha BOJHUTE €KOCHCTEMU NIPEIU3BUKAHU OJ] UCTe-
YyBamkETO HA HETPETHPAHH OTIIAJHH BOJY IIOCTENEHO CE 3rojeMyBaje IO CTEHeH IO KOj MPOYHCTYBambeTo OMIIOo Ha-
METHATO KaKo HEONXOAHOCT. Bo Taa cMucia, BO TpyIOT KaKO IPBO BHUMAHHUETO € IIOCBETEHO Ha pasrieyBambe MoJa-
TOLM OJf MOHUTOPHHTOT Ha €KOJIOIIKHOT cTaTyc. [IpeaHocTnTe N orpaHndyBamaTa Ha OBaa METOJOJIOTH]a Ce MpUKa-
JKaHU Ha IPUMEPOT Ha PEIaTUBHO TOJIEMO MOBPIIMHCKO BOJHO TEJIO — pekara JlyHaB, NOBpIIMHCKA BoJa o1 Kiaca I, u
peJIaTHBHO MaJIo BOJHO Tello — pekara Humasa, mospimHcko BogHo Teno of knaca I1I. Mako npoueHara Ha eKOJI0II-
KHOT CTaTyC NPETCTaByBa HEKAKOB ,,BU]I AjarHOCTHLUpame", KApaKTePUCTUKHUTE Ha 3aralyBadyoT [IPETCTaByBaaT HHHU-
IMjaJIHa MepKa 3a 3allITUTa Ha BojiaTa, 0COOEHO BO CMHKCIIA HA UIeHTU(UKaLUja Ha ,,KPUTUYHO 3arajyBambe Ha BogaTa™,
IITO € pa3paboTeHO BO BTOPUOT €T O TPYAOT. [IONMOJHUTETHO, BO TPETHOT AN OX TPYINOT € JajeHa InabuHcKa
aHaIlM3a Ha MOTEHIUjaJOT HAa KOPUCTCHETO Ha HHPOPMAIMCKU U KoMyHuKaiuonu TexHonorun (ICT) Bo pasmudHu
CerMEHTH Ha 3allTUTa Ha BOJA M 3aCETHATH CyOjeKTH, co moceOeH OCBPT Ha CHENU(UIHOCTA HA YIPABYBABETO CO
3aragyBarme Kako HajBAXXHOTO HEIITO BO PEUHCH CEKOE COBPEMEHO OIIITECTBO.

Kayunn 36oposu: KT, ynpaByBame co KBaIUTETOT Ha BOJATA; €KOJIOIIKH CTaTyC;
crienu(UYHO ONTOBAPYBAE HA 3araJlyBadyoT; OJP>KINBOCT

AIMS AND BACKGROUND the utility equipment of the respective communal in-
frastructure in the area of waste water collection,
Nowadays, the Republic of Serbia is at the bot- treatment and discharge. The current situation in the

tom of the scale of European countries in terms of area of water resources management in the Republic
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of Serbia indicates that the basic problems are insuf-
ficient construction of sewerage infrastructure
within cities, i.e. insufficient coverage of the sewer-
age network of users connected to the public or pri-
vate water supply network followed by insufficient
number of constructed (and operated) waste water
treatment plant. In this context, a particular problem
is the requirement for relatively large initial invest-
ments in the sector of waste water collection and
treatment [1, 2]. A special difficulty represents the
low price of delivered and channeled water within

the public utility system, which is insufficient to
provide at least maintenance of the existing water
supply and sewage systems and generates the devel-
opment and improvement of the existing system. In
Serbia, only 5-10% of total amount of generated
waste water is currently treated, with different pro-
cedures and with uneven and, most often, insuffi-
cient purification effect. Dominant ratio of biode-
gradable matter leads to a different processes that
affect the quality of the receiving water body, which
is showed in Figure 1.
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Fig. 1. Aquatic ecosystem processes induced by biodegradable matter

In addition to waste water generated by house-
holds, a special problem is also inadequate or no-
treatment of industrial waste water [3]. Certain ad-
vances in the examination of key industrial polluters
can be noticed in the intensification of procedures
related to the issuance of integrated permits accord-
ing to the requirements of the industrial emissions
directive (IED) and other relevant directives [4, 5].

As far as the population is concerned, a special step
has been made by implementing a specific pollution
load to the receiving water stream that sees both the
total emission of waste waters of a particular settle-
ment, as well as the capacity for dilution and self-
purification of the immediate natural recipient [6].
In this sense, the aim of this paper work is to demon-
strate that limited financial funds dedicated to the

Mech. Eng, Sci. J., 36 (2) 241-246 (2018)
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issues of water protection, i.e. waste water treatment
should be allocated in the most functional way, us-
ing different priority inputs, like both ecological sta-
tus and specific pollutant load [7].

MATERIALS AND METHODS

In this part of the paper a comparative analysis
of two representative watercourses in the Republic
of Serbia — Danube and Nisava, is presented, in re-
lation to the quantitative characteristics of the recip-
ient [8]. The main purpose of water protection from
man-driven pollution is to both to preserve human
health and environment-ecosystem functions by
reaching and preserving the good status of surface
and ground water (ecological status / potential and
chemical status), reducing hydro-morphological
pressures on natural water bodies, preventing and
controlling water pollution and rational using of
available resources [9]. Protection against concen-
trated sources of pollution is enhanced by the con-
struction and adequate functioning of communal in-
frastructure, like sewage and waste water treatment
plants.

The Danube river, after the Volga river, is the
second longest and second water richest river in Eu-
rope. The main tributaries of the Danube river in
Serbia are the Tisa, Sava and Velika Morava rivers.
The water regime of the Danube river throughout
Republic of Serbia is monitored by ten measuring
stations (Bezdan — entry point — 1,425.59 km from
the river mouth, Bogojevo — 1,367.4 km, Novi Sad
—1,254.98 km, Slankamen — 1,215.5 km, Zemun —
1,174 km, Smederevo — 1,116.9 km, Banatska Pa-
lanka — 1,076.6 km, Tekija— 956.2 km, Brza Palan-
ka — 883.8 km, Radujevac — exit point — 852 km)
starting from measuring station Bezdan close to

Table 1

Hungarian border and ending by Radujevac close to
the Bulgarian border. The largest polluter of the
Danube river in Serbia is the city of Belgrade, with
approximately 3 000 000 PE [10].

The Nisava river is the largest tributary of the
South Morava river and, consequently, the Danube
river. There are two measuring stations located on
the Nisava river (Dimitrovgrad and Nis), which are
used to monitor water regime parameters. Dimitrov-
grad measuring station includes the course of the
Nisava upstream of the bridge near the village of
Dolac all the way to the country’s border. Ni$§ meas-
uring station includes the course of the NiSava from
its confluence into the South Morava river to the
confluence of the Studena river. The largest polluter
of the NiSava river in Serbia is the city of Nis, with
approximately 300 000 PE [11.

Tables 1 and 2 are dedicated to the representa-
tive quantitative parameters of both abovemen-
tioned water bodies, like average, minimum and
maximum volumetric flow [12].

Although both watercourses are burdened by
relatively large organic pollution, where the largest
point-source pollutant of the Danube river is about
ten times larger than the largest point-source pollu-
tant of the NiSava river, the results obtained through
the national monitoring network do not show drastic
differences in terms of water quality [12]. It is obvi-
ous that there is a great influence of representative
volumetric flows on such state of water quality — by
pollution load expressed in PE Belgrade is approxi-
mately ten times larger polluter than city of Nis§,
while the Danube river is 496 times larger by Qgsx
volumetric flow. This fact greatly affects the future
activities dedicated to the issues of waste water col-
lection, treatment and disposal.

Average month and annual volumetric flow (time period 1946-2006), in m®/s

River Station January  February March April May June
Danube Bezdan 1948 2115 2432 2893 2839 2870
Danube V. Gradiste 5253 5481 6499 7939 7237 6244
Nisava Nis 28.94 40.26 51.32 55.81 43.89 32.17

July August  September  October November December
Danube Bezdan 2774 2357 1858 1615 1674 1837
Danube V. Gradiste 5361 4306 3652 3611 4279 5095
Nisava Nis 17.31 11.09 10.42 13.07 17.20 25.16

Mawi. unore.nayu. cnuc., 36 (2) 241-246 (2018)
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Table 2

Basin, minimum flow, average annual flow and maximum flow, in m/s
River Station - e Qe 5

(km?) (m?3/s) (m?3/s) (m?3/s)

1. Danube Bezdan 210.250 952.00 2.268.0 8.356

2. Danube Bogojevo 251.593 1.257.00 2.777.0 9.275

3. Danube Smederevo 525.820 1.976.00 5.264.0 15.323
4, Nisava Nis 3.870 3.98 28.89 946

In this sense, the construction of sewerage and
waste water treatment facilities, in accordance with
the EU Urban Waste water Treatment Directive,
should cover all settlements greater than 2,000 PE
[13]. Since the Republic of Serbia has no economic
opportunity to realize such a condition at once, it is
necessary to make certain priorities [14]. In this
sense, the basic criteria for selecting priorities for
the construction of sewage systems and WWTPs in
settlements larger than 2,000 inhabitants are:

1. specific pollutant load (kg of specific pollu-
tion per m® of small, medium or minimum vol-
umetric water flow),

2. recipient self-purification capacity (directly
connected to the volumetric flow), and

3. the degree of sewage construction and per-
centage of the population connected to the
sewerage network.

Based on the first two criteria — characteristics
of the recipient, the WWTPs should first be built in
settlements located in protected areas, followed by
relatively large settlements located near relatively
small watercourses (watercourses with unfavorable
hydrological regime in terms of small and medium
waters), and at the end in settlements near large wa-
tercourses (like Danube). Regarding the construc-
tion of the sewage network, the priority should be
given to the construction and completion of the net-
work in settlements with low degree of the popula-
tion connected to the sewerage network, while in the
case of a higher degree of the population connected
to the sewerage network construction priority
should be given to waste water treatment plants.

THE ROLE OF THE ICT APPLICATION

The key factor in the process of system mana-
gement and control is the information exchange

between different stakeholders or actors. Figure 2
shows the key stakeholders in the process of water
management (Republic Hydrometeorological Ser-
vice of Serbia, Environmental Protection Agency of
Serbia, Water issues related institutes, Industrial
facilities connected to the sewage system, Public
utility companies and Municipal Committee for
Communal Activities) and information exchange
among them.

Management system is hierarchically orga-
nized, starting from national to local level. At the
national level, a regulatory framework for gover-
nance is defined. It is determined by the government
and adopted by the assembly. The Republic Hydro-
meteorological Institute defines quantitative aspects
of water management, while SEPA (Serbian
Environmental Protection Agency) defines the
gualitative aspects. Mutual coordination of activiti-
es is necessary for these two approaches to mana-
gement can lead to the desired results [15]. At the
lower level of governance, there are institutes,
industry, public utility companies, and municipal
administrations for communal services. The mana-
gement aspects that they present are mapped to
specific field activities, determined by time and
space scales for monitoring water resources. The
main goal is to enable the desired level of water
quality at the local level to be achieved [16]. The
perception of water quality differs in relation to the
level of observation. At global level, a water
resource is classified into a particular category, but
field measurements can show that certain micro
locations are in a much worse condition than expec-
ted according to defined class of a water resource.
Therefore, it is important to establish coordination
and collaboration between stakeholders in the
governance system, exchange information between
different hierarchical levels, and make effective
decisions based on available information.

Mech. Eng, Sci. J., 36 (2) 241-246 (2018)
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Fig. 2. Information exchange among the stakeholders — Serbian water management system

CONCLUSION

The water resources are integral part of the liv-
ing environment, so the protection of the natural en-
vironment is unthinkable without preserving and
improving the quality of water. Current problems of
water pollution in the Republic of Serbia require the
characterization and assessment of the ecological
status of water quality in order to achieve the prin-
ciples of sustainable water management in accord-
ance with Directive 2000/60/EC, as well as to pre-
serve the quality of the environment. Within this pa-
per, selected water quality parameters were ana-
lyzed which reflect the natural and anthropogenic
impact on the characteristics of selected aquatic
ecosystems, i.e. condition in the recipient. On the
other hand, the specific pollutant load is analyzed as
another input parameter on the basis of which the
list of water protection priorities can be defined.
Successful integral management of water resources
in the river basin, based on the principles of sustain-
able development, cannot be provided without reli-
able data and other information on water quality and
quantity and all processes that take place in them. In
this respect, the paper also examines the possibility

Mawi. unore.nayu. cnuc., 36 (2) 241-246 (2018)

of using ICT as a collaborative platform to exchange
experiences of local governments and other promi-
nent stakeholders and define future joint activities.
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Abstract: Deformation of the natural magnetic Earth field by introducing ferromagnetic objects and electrical
devices leads to the creation of an anomalous magnetic field (AMP) in which a person resides. Defining these anomalies
in relation to the natural magnetic field may be done by measuring the magnetic field using proton magnetometer.
Another way of determining the new field distribution is numerical calculation of the magnetic field by numerical
methods. The longest period of time a person resides in bed is in a static position, and according to scientific facts the
magnetic field change has significant impact on health. Therefore, it is important to carry out calculation of the magnetic
field for different construction types of beds with mattresses with ferrite core (springs). The paper consists of the fol-
lowing sections: The first section provides an overview of the latest scientific information of the influence of the mag-
netic field on the functioning of the cell, tissues, organs and biological system. In the second section, calculation of the
field in the bed area for particular bed constructions, such as single bed, bed with a back, with a ferrite core and a double
bed on two levels was carried out. VValidation of the obtained results was performed. In the third section, measurement
of individual subjects using magnetic field proton magnetometer was performed and the obtained results of the meas-
urement of anomalous magnetic field were connected with the impaired health status of these patients. The conclusion
was drawn and the directions for further research were suggested.

Key words: magnetic field and anomalous magnetic field; numerical simulation of magnetic field;
effects of magnetic field on health; a person in magnetic field

INPOMEHA HA TPUPOJHOTO MAT'HETHO IIOJIE HA KPEBET
KAKO ITPUYMNHA 3A OHITETYBAIE HA 3JPABJETO

Amncrtpacxk T Hdepopmanujata Ha NPUPOJHOTO MarHETHO 3eMjUHO MOJIE CO MPUMEHa Ha ()epoMarHeTHH
OpeIMeTH M eNEeKTPUYHU ypeau JOBeIyBa A0 CO3[aBambeé aHOMAIHO MAarHeTHO I0jie BO KOE JIMIETO MPEeCcTOjyBa.
JebuHupameTo Ha OBUE aHOMAITMH BO OJHOC Ha MPUPOJHOTO MarHETHO MoJIe MOKe Aa OuJie N3MEpEeHO CO MPOTOHCKH
MarueroMerap. Jpyr HauMH 3a OJpenyBame Ha HOBAa PACIPOCTPAHETOCT Ha IOJETO € HyMepHYKa IpecMeTKa Ha
MAarHeTHOTO MOJIe CO HyMepuuKH Metoau. Kora JIMIETO JOJT BPEMEHCKH MEpUOJ MPECTojyBa BO KPEBET, TOA € BO
CTaTUYHa MONoXk0a, a cropes HaydHHTE (akTH MPOMEHaTa Ha MAarHETHOTO IOJI€ MMa 3HAYMTENHO BIHjaHHE Bp3
37paBjeTo. 3aToa € BaKHO Ja C€ M3BPIIM NPECMETKa HA MAarHETHOTO IIOJIe HAa PA3NNYHH KOHCTPYKTHBHHU THIIOBU
KpeBeTH co aymenu co GepuTHO janpo. TpydoT ce COCTOM Of CleJHUTE IenoBH: IIpBHOT Jed AaBa mperiie] Ha
HajHOBHUTE HAay4YHU CO3HAHHja 3a BJIMjAaHUETO HAa MArHETHOTO MOJIE BP3 (PYHKIMOHHPAHETO Ha KIETKUTE, TKUBATa,
OpraHuTe M OMOJIOIIKHOT CUCTEM. Bo BTOPHOT 1€ e n3BplIeHa pecMeTKa Ha I0JIETO 32 OJPE/ICHN THUIOBH KPEBETH —
€MHUYHH KPEBETH, KPEBETH CO HACIIOH, KPEeBETH CO (PEPHUTHO jaapo, ABOJHH KPEBETH M KPEBETH Ha JIBE HHBOA.
M3BpiieHa e Banuaalnuja Ha JOOUEHHUTE pe3yaTaTd. Bo TPETHMOT aen e U3BPIICHO Meperme Ha OJJIeNIHU CyOjeKTH
KOPHCTEJKU MPOTOHCKH MarHeTOMEeTap CO MarHeTHO Ioyie, a JOOMEHUTE PEe3yITaTH O MEPEHhETO0 Ha aHOMAIHOTO
MAarfHeTHO TIOJIe CE CIIOPEIEHH CO ONITeTEHHOT 3J[PAaBCTBEH CTATyC Ha OBHE IAIIMEHTH. 3aKIyIOKOT € U3BJICUCH U Ce
MIPEUTOKEHH YIIAaTCTBA 38 HATAMOIIHY UCTPaXXKyBarmba.

Koy4ynu 360poBH: MarHeTHO 110JIe ¥ aHOMAJIHO MarHETHO I10JIe; HyMepHYKa CHMYJIallija Ha MarHeTHO I10JIe;
e)eKTH Ha MarHEeTHOTO I0JIE BP3 3[PaBjeTo; JIMLE BO MArHETHO OJIE
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AIMS AND BACKGROUND

The aim of this paper is to present the latest
research about the impact of magnetic and anoma-
lous magnetic field on physiological and pathophys-
iological processes in the organism in order to con-
nect conditions of people living in such fields with
health effects. The latest scientific knowledge deal-
ing with this issue as well as authors’ research is
briefly presented. Taking these findings into ac-
count, the effect of changing the magnetic field
caused by the construction of the most commonly
used beds was analyzed. In accordance with the re-
sults obtained, conclusion was drawn about the ef-
fects on the health of people who sleep in these beds
during night.

RESULTS AND DISCUSSION
Introduction

Human aspiration to be surrounded with ob-
jects that increase comfort and improve quality of
life has led to introduction of new objects and elec-
trical devices that were not present in previous dec-
ades. The use of steel and other ferromagnetic ma-
terials in civil engineering industry has been domi-
nant in the last decades. Introduction of devices that
emit electromagnetic waves has been recognized to
be potentially harmful because one part of energy
waves remained in biological subject and was
transformed in heat. The first regulations in the field
of protection against electromagnetic non-ionizing
radiation focused on protection from thermal effects
in the human body by limiting the density of the
force of the incident wave.

The regulation based on such an approach has
been implemented in most of the countries in recent
decades. Newer studies have indicated the need to
connect physiological effects in tissues with electro-
magnetic dosage quantities, such as Specific Ab-
sorption Rate (SAR) and induced current in the
body. However, non-cellular effects at cellular, sub-
cellular and molecular level have not been widely
considered and are even less included in the regula-
tions concerning the protection of the population.
There is not enough medical knowledge that ex-
plains and analyzes the interaction between cellular
organelles and molecules with electromagnetic
guantities of the medium (the magnitude of electric
and magnetic fields). However, most molecular bi-
ologists and physicists agree that the basis of action
at the molecular level is electrical and electromag-
netic interaction between electrons, which is at the
same time the basis of all chemical bonds.

Taking into account this fact it is logical to
conclude that the electromagnetic fields in which
we live and which we have generated in the last dec-
ades represent the dominant factor of life for all our
cells, tissues and functioning of our organism.

Earth magnetic field as element of life on the Earth

Bioelectromagnetism is a branch of science
that studies connection between electric, magnetic
and electromagnetic fields and biological processes
in living organisms.

It is not difficult to prove that animals and hu-
mans are electromagnetic beings, but the influence
of electromagnetic fields at the level of the cell and
cell organelles up to the molecular level has not
been fully explained, which certainly slows down
the development of medicine. The cell metabolism
is conditioned by an electric field on both sides of
the cell membrane and magnetic properties of cell
organelles and magnetic fields of surroundings.
Nerve impulses are control-management signals in
the physiological processes of the organism.

Magnetic phenomena in the body have not
been fully explored [1]. Therefore, this paper shows
the importance of understanding these phenomena
in the functioning of the cell and the whole organ-
ism. Magnetic properties of the cell are conditioned
by the structure of cellular organelles and their mo-
lecular composition. In magnetic sense, according
to the values of magnetic permeability and associ-
ated constant, magnetic susceptibility ym,

x=p—1,
materials are divided into the following groups:

diamagnetics (w4 < 1, ym < 0.),

paramagnetics (¢ > 1, xm > 0.) and

ferromagnetics (w4 >> 1, ym >> 0.).

For proper explanation of the performance of
biological functions, it is necessary to know the
structure of the cell and the type of substance, i.e.
molecules and sort them into these groups.

Table 1 shows the most commonly used cellu-
lar substances and their magnetic properties.

Magnetic susceptibilities of most biological
materials are less known. Their values may be ob-
tained by measuring or calculating using various
mathematical models [3, 5]. Most biological mate-
rials are diamagnetics, some are paramagnents, and
few of them are ferromagnetics. In general, ele-
ments and compounds that do not have unpaired
electronic pairs are diamagnetic and their suscepti-
bility is not temperature dependent.
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Table 1

Volume magnetic susceptibility of elements
and biological materials

Volume Type of

Material susceptibility  magnetic
-10°° susceptibility
Hydrogen -2.23x10°  diamagnetic
Carbon —0.000014  diamagnetic
Nitrogen —6.8x10°  diamagnetic
Water -0.9x10%  diamagnetic

Human tissues -110to 7.0 diamagnetic

Whole blood (deoxygenated) -7.90 diamagnetic
Red blood cell (deoxygenated) —6.52 diamagnetic
Magnesium 0.000012  paramagnetic
Potassium 5.74x10®  paramagnetic
Calcium 0.00002139 paramagnetic
Oxygen 1.9077x10% paramagnetic
Sodium 8.6x10°  paramagnetic
Hemoglobin molecule +0.15 paramagnetic
Table 2

Magnetic susceptibility of hemoglobins [2]

Hemoglobin derivate Unpaired Magnetic

electrons  susceptibility

Oxyhemoglobin (Oxy-Hb) 0 diamagnetic
Deoxyhemoglobin (Deoxy-Hb) 4 paramagnetic
Methemoglobin 5 paramagnetic

Compounds that do not have unpaired elec-
tronic pairs are diamagnets and their susceptibility
is not temperature dependent.

Free radicals and some covalent compounds
having ions of transition metals with unpaired elec-
trons are paramagnetics with positive temperature
dependence. Researchers of biological tissue found
that fresh (living) biological tissue parts are usually
diamagnetic, and that when without water become
less diamagnetic [6, 4]. In living organisms there are
few pure substances, most of the compounds are
dissolved in water, so there is dissociation and ions
are present in the highest amount. A special
example is the one of change in the susceptibility of
hemoglobin, where oxidation or change of pH
values significantly changes susceptibility. It is
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significant that tumor tissues have higher magnetic
susceptibility than healthy tissue [4, 11] indicating
that their magnetization occurs, and it will exist in
an enhanced magnetic field. This leads to a signifi-
cant assumption that an enhanced magnetic field,
i.e. life in an area in which we have anomalous
zones may lead to the induction of cancerous chang-
es. Magnetic properties of molecules of chemical
compounds can be considered as basic magnetic
dipoles that generate micromagnetic fields.

By vector addition of these magnetic fields, the
intensities of the microfields of particular cellular
organelles are obtained. Analyzing the structure and
chemical composition of organelles, it can be said
that the nucleus is a site with pronounced magnetic
properties, i.e. that the nucleus is a space in which
the magnetization vector is larger compared to other
parts of the cell, so it means that the nucleus is mag-
netized. The greater the nucleus the greater the mag-
netization and vice versa [10]. This implies that the
cell will eject diamagnetic molecules through the
cell membrane and attract paramagnetic molecule
and substance from the extracellular space to the in-
side of the cells.

In scientific literature it is known that the site
of the strongest magnetization in a human body is
located in the pineal gland [13]. The advance in bi-
oelectromagnetic research led to the insight into: ac-
tion potentials, application of electrophysiology,
thermal effects of electromagnetic fields, the effects
on the nervous system and the behavior of people
(behavioral effects), the development of the use of
pulse-magnetic fields in spectroscopy, MRI, NMRI,
etc.

Earth electric and magnetic fields are indispen-
sable part of human life [7, 8], so it is logical that all
processes in tissues and cells largely depend on the
value of electromagnetic quantities that follow the
parameters of these fields. This fact has not been
significantly and sufficiently analyzed in the litera-
ture [10].

Important are new findings about the influence
of the earth magnetic field on normal functioning of
the human organism and its systems, as well as
those about the effect of anomalous magnetic field
on disbalance of functioning of organs and its role
in the development of cancer, diabetes and autoim-
mune diseases [11, 12]. In twenty year long surveys
[10], geophysical measurements of the Earth mag-
netic field were performed in the living spaces of
patients with cancer. These measurements were per-
formed by a 100 nT proton accuracy magnetometer
and correlation between increased magnetic field
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values in the bed area and the onset of cancer was
established. The areas with increased values in rela-
tion to the natural field values are called anomalous
zones or the so called pathological magnetic and
electromagnetic fields and represent the areas in
which people live and may be often affected by var-
ious health problems.

They are most often the spaces in which a per-
son is surrounded by ferromagnetic objects that
have increased intensities of magnetic flux density
(magnetic induction, B) or spaces with strong elec-
tromagnetic sources such as domestic appliances in
the immediate surroundings. Diagnostics and treat-
ment of patients were performed by competent med-
ical institutions using medical procedures estab-
lished by officially recognized protocols of tradi-
tional medicine. It was found that good therapeutic
results were noticed in people who, along with ap-
propriate medical procedures, changed their living
space by sleeping in areas that were within the nat-
ural magnetic field, i.e. they removed their beds
from anomalous magnetic fields [11, 12].

RESEARCH METHOD

Considering that ferromagnetic objects in the
magnetic field can be magnetized and thus become
sources of the external magnetic field, we set off to
explore this effect.

A man spent most of his time in bed, and ac-
cordingly, the focus of the research was on the metal
structures of beds. Analysing the construction of
beds and mattresses, we focused on the mattress
with a steel core composed of springs. The research
included 3 most commonly used bed constructions:
a single bed (Figure 1a), a double-decker (Figure
1b) and a sofa with a steel core.

Simulation setup

Springs are helicoidal structures made up of 6
coils having approximately the same radius, with
the central coils having about 10% smaller radius.
The conductive material interconnects the springs
and the ends of the springs do not end at the same
angle. This provides the reality of the wire core
structure that is achieved in the production of this
mattress. Modeling of the structure of 90 x 200 cm
mattresses was performed with simulation of a net-
work of 9 x 4 springs of 10 cm radius, which were
equidistantly placed, and in galvanic bond (Figure
1).

b)

Fig. 1. a) Mattress model with steel core and
b) double-decker model with mattress

The mattress was set at the height of 25 cm
from the ground. In order to provide the reality of
the initial data in the simulation model, the intensity
of the magnetic induction of the natural Earth mag-
netic field by the proton magnetometer was meas-
ured. Mean value of natural magnetic field B =
47.8 uT was measured. This value was used to de-
termine the initiative magnetic field in the airspace
during the simulation. The spring (helix) is made
from ferromagnetic material and is characterized as
4= r1000, o =1.04 107 S/m. The magnetization
curve for the materials made of helix in work point
is defined by values H =38 AuB/,=0.6T.

RESULTS OF SIMULATION

For the simulated parameters defined here, the
calculation of the magnetic field in the immediate
surroundings of the construction was carried out.

The following figures show distribution of in-
tensity of magnetic induction vectors in the bed area
where human body is at rest. Figure 2 shows distri-
bution of magnetic field at the height of 5, 10, 15 cm
from wire core, while Figure 3 shows relative posi-
tion of a person lying on the same bed, whereby
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electromagnetic characteristics of a person were not
taken for calculation. The control of the values ob-
tained from calculation and the values obtained by
measuring on a similar physical model showed a
satisfactory agreement.

It may be noticed that the intensity of magnetic
induction decreases with distance, which will pro-
duce unequal exposure to the magnetic field of in-
dividual organs depending on the physiological po-
sition in sleep.

Simulation and calculation of the magnetic
field was performed for a double-decker bed, where
the mattresses are located at a distance of 60 cm

(Figure 1b). In this simulation, the construction of
the bed was not taken into account, considering that
it is made of wood and in magnetic sense did not
have any influence on this calculation. The calcula-
tion results are given in Figures 4 to 6.

Sofa is also frequently used and may be folded
(sitting position) and unfolded (lying position).
Simulation and calculation of the magnetic field
was performed for sofa where the core is located in
the sitting and the back part (Figure 3). The obtained
results are shown in Figure 7 showing a person in a
sitting position on sofa.
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Fig. 2. Distribution of magnetic field B (uT) at the height of 5, 10, 15 cm from wire core
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Fig. 4. Distribution of magnetic field B (uT) in cros section of a double-decker — two cross sections
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Fig. 7. Distribution of magnetic field B (uT) in sofa cross section

ANALYSIS OF RESULTS

Analysis of the results suggests that the homo-
geneity of the natural magnetic field is affected by
change of the intensity of magnetic induction in the
following way:

1) In a single bed local maximum values of
magnetic field intensity that are 5.6 times greater
than natural intensity of magnetic field are observed
(Figures 2-3) .

2) In a double-decker apart from local maxi-
mum values there are greater homogenous field
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values of magnetic induction greater than natural
that is present between 2 mattresses (Figures 4-6).
Distribution of intensity vectors of magnetic
induction at the distance of 5 cm, 10 cm, and 15 cm
from the upper surface of the core is in range
Bmax = (76—265) },lT.

3) In sofa there is increase of values of inten-
sity of magnetic field at the junction part of sitting
and back part, as well as at the end of back in the
head area is observed. Distribution of intensity or
deviation of vectors of magnetic induction at 10 cm
from upper edge of sofa back Bmax= 135 uT, that is
at the height of a person’s head is shown on diagram
on Figure 7.

In all the observed cases, for more precise lo-
calization of the intensity of magnetic induction in
humans, that is, for making connection between
physiological effects in tissues and electromagnetic
dosage sizes, human contour was used without us-
ing electromagnetic properties in calculation.

In this way it may be more precisely deter-
mined which parts of the body or tissues are ex-
posed to increased magnetic field intensity. In addi-
tion, the risk of the severity of disease may be es-
tablished.

CONCLUSIONS

Depending on the position of a person at sleep
and his sleeping habits it may be expected that some
body parts during sleep are always in anomalous
magnetic field, which may cause body viscous mag-
netization. Moreover, longer stay in such fields may
increase possibility for development of cancer and
autoimmune diseases, diabetes, in particular [11,
12]. In sofa type of bed the greatest increase of mag-
netic field is in the head and neck region. According
to litearture data, persons who spend a lot of time in
such position may develop arthrosclerosis [14] and
neurological problems [8].

the possibility of health deterioration increases
in case of additional metal structures of the bed, as
well as when a person is surrounded by electrical
devices that emit additional electrical, magnetic and
electromagnetic fields. this finding is also
confirmed by international agency for research on
cancer (iarc) within who which classified elec-
tromagnetic radiation of mobile phones into 2b
group of potentially carcinogenic substances for de-
velopment of one type of brain cancer [15]. in order
to avoid this, it is necessary to replace ferromagnetic
materials as constitutive bed parts with non-ferro-
magnetic materials. in this way, anomalies of the
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magnetic field in the bed space relative to the natu-
rally homogeneous magnetic field could be avoided.
therefore, this could be safe environment for normal
functioning of human immune system. such re-
search indicates that it is necessary to constantly re-
consider how people out of ignorance could make
an environment harmful for proper functioning of
the organism. electromagnetic environmental pol-
lution emphasizes the need for development of elec-
tromagnetic ecology of living and working space,
which has already been suggested by scientific com-
munity.
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Abstract: Inthis study, we examined the Asartepe dam in Ankara province. We evaluated the economic and
social effects of agricultural irrigation. Selected different variables are observed as follows: agricultural usage of water,
agricultural production, agricultural productivity, income and environment effects, social-cultural design, migration,
economical conditions and etc. Production data of agricultural enterprises for 2015 and 2016 was collected by
questionnaire. Agricultural establishments are selected by Simple Random Sampling (SRS) method. Agricultural
establishments dealing with irrigation are divided into 2 groups and these are the same. One of them is belong to pre-
irrigation group and the other group is belong to after-irrigation group. Pre-irrigation group is stratified into 2 strata
and after-irrigation group is stratified into 2 strata according to the planting fields of products. According to the SRS
method, sample size is 42. After determining the sample size, this sample is distributed by the method of proportionate
distribution. Numbers of the first layer is 31, second layer is 11. The information of the questionnaire data is entried by
MS Office environment. During the data analysis is used with SPSS package program. Discriminant statistical analysis
will be used for comparing between pre-irrigation group and after-irrigation group.

Key words: irrigation; economic and social effects; discriminant analysis

E®EKTHU O] HABOJHYBIBETO BO 3EMJOJAEJUETO: IPUMEP O/ TYPIIUJA

AmcTpaxT: Bo oBaa cTtyanja ja pasrienaBme OpaHaTa Acaprere Bo MpoBHHIMjaTa AHKapa. ['u oleHnBMe
€KOHOMCKHUTE U COLUjaJHUTE e(PeKTH O/l HABOJHYBAHETO BO 3€MjOAENICTBOTO. M30paHM pa3innyHH NPOMEHINBH Ce
3a0elnexaH! Ha CIEAHUOB HAUKMH: 3€MjOJIENICKO KOPUCTEHE Ha BOJIATA, 36MjOJIEIICKO IIPOU3BOJICTBO, 3€M]jOIeIICKa PO~
JQYKTHBHOCT, IPUXOAX U e€(heKTH BP3 XKHUBOTHATA CPEIMHA, COLIM]ATHO-KYJITYpEH AN3ajH, MUTpalyja, eKOHOMCKH yCIIO-
Bu u 1p. [logarorure 3a MpoOM3BOJCTBOTO Ha 3eMjoIeNICKuTe mpeTnpujartuja 3a 2015 u 2016 roauHa Gea cobpaHu co
TIpaIagTHuK. 3eMjOJeTICKUTE MPETIIpHjaTHja ce M30paHu Co eIHOCTaBeH METOJ Ha CIIy4ajHO 3eMame mpuMepond (SRS).
3eMjoIeIICKUTE NPETIpHUjaTHja KO KOPUCTAT HABOAHYBAMbE Ce MOJESNCHH BO JIBE MCTH IpynH. EnqHata o HUB € mpH-
MaJIHUK Ha TpyIaTa npe/l HaBOIHYyBambe, a Apyrara pumnara Bo rpyraTa o HaBojHyBambe. I pynara npea HaBoJHyBambe
€ Mo/ieNieHa BO JIBe MOJTPYIH, a Ipymnara o HaBOAHYBAabE HCTO TaKa BO JIBE TIOJTPYIH CIOPE] BUAOT Ha OATJICAyBaHU
pacrenuja. Cnopen metoot SRS, ronemunara Ha npuMepokor e 42. [To oxpeayBameTo Ha roJieMHHATa Ha IPUMEPOK,
HOPUMEPOKOT Ce JIeNH CIOpel METOAOT Ha MPOMOPIHOHATIHA 3acTaneHocT. bpojot Ha npBara moarpyna e 31, Bropara
noarpyna e 11. Unpopmanuute o mojaTouuTe BO MpamaiHukoT ce BHeceHu co MS Office. 3a Bpeme Ha aHanmu3ara
Ha IOJATOLUTE € KopHCcTeH nporpaMckuot nakeT SPSS. CropendeHara qUCKpUMUHAHTHATA CTATUCTHYKA aHAJIN3A €
KOPHCTEHa 3a CIIOpeyBame IoOMery rpyraTa Impeji HaBOJHYBame U Ipyrnara 10 HaBOJHYBambe.

Kiyunu 360poBH: HaBOHYBamke; eKOHOMCKH U COLMjasiHU e(eKTH; criopeadeHa aHanm3a

AIMS AND BACKGROUND of this information is to be found in studies done by
specialists whose viewpoint is generally more tech-

Many technical, economic, sociological and nical than economic [1]. In this study we empha-
financial data are needed for the various calcula- sized on the economic analysis of irrigation project

tions of the return on an irrigation project that some in Turkey.
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An important part of the material used in the
study includes the area of agricultural holdings en-
gaged in different products from where the survey
is done. Sample establishments were selected and
guestionnaires were filled by making personal
interview. Information was collected from the agri-
cultural establishments in this survey from 2015 to
2016 production period. Under the preliminary
study, the characteristics that could represent the
Ankara province Ayas county as purposeful dis-
tricts respectively were chosen. The sample popu-
lation was drawn by Simple Random Sampling
(SRS) method. Proportional method was the for-
mula used for finding the value of n [2]. N value is
founded by formula in the proportional method,

NY NpS?
n=—---"-.
N2D2+Y Np,S?

Agricultural establishments dealing with irri-
gation are divided into 2 groups and the same: One
of them belong to pre-irrigation group and the other
group is belong to after-irrigation. Pre-irrigation
group is stratified into 2 strata and after-irrigation
group is stratified into 2 strata according to the
planting fields of products. According to the SRS
method, population, as a result of the withdrawal of
the sample size, is 42. As a result of the sample
based on the method of proportionate distribution
of the first layer n; = 31, second layer n; = 11. In
addition, reserve up to 25% of the sample volume
of the agricultural establishments has been identi-
fied. Villages to do the survey sample, survey were
chosen by the operators in the absence of reserves.

EXPERIMENTAL

Materials. Data are compiled from agricul-
tural establishments by questionnare through face
to face meeting. In this study, we used the various
data are as follows: domatoes planting field and the
other independent variables are as follows: medi-
cine, chemical fertilizer, total payment of water,
water technics and diesel invoice.

Method. In this study, we use the discriminant
analysis. Discriminant analysis finds a set of
prediction equations based on independent variab-
les that are used to classify individuals into groups.
There are two possible objectives in a discriminant
analysis: finding a predictive equation for classify-
ing new individuals or interpreting the predictive
equation to better understand the relationships that
may exist among the variables [2].

In many ways, discriminant analysis parallels
multiple regression analysis. The main difference

between these two techniques is that regression
analysis deals with a continuous dependent varia-
ble, while discriminant analysis must have a dis-
crete dependent variable. The methodology used to
complete a discriminant analysis is similar to re-
gression analysis. You plot each independent vari-
able versus the group variable. You often go
through a variable selection phase to determine
which independent variables are beneficial. You
conduct a residual analysis to determine the accu-
racy of the discriminant equations [3].

The mathematics of discriminant analysis are
related very closely to the one-way MANOVA. In
fact, the roles of the variables are simply reversed.
The classification (factor) variable in the
MANOVA becomes the dependent variable in dis-
criminant analysis. The dependent variables in the
MANOVA become the independent variables in
the discriminant analysis [3].

The information of the questionnaire data was
entried by MS Office Excel environment. Estima-
tions of the discriminant analysis were made by us-
ing SPSS Statistics package program.

RESULTS AND DISCUSSION
Assumptions 1

Ho: Covariances matrix for groups are equal.

Hi;: Covariances matrix for groups are not
equal.

Due to the significance value 0.000 < 0.05, Ho
is reject. That is, covariances matrices for groups
are equal. When sampling size is high, significance
value will be expecting to take a high value.
Shortly, tests null hypothesis of equal population
covariance matrices (Table 1).

Table 1
Test results
Box's M 74,786
Approx. 74,153
. dfl 1
df2 20172,000
Sig. ,000

Assumptions 2

There is no problem with multiple connecti-
ons between variables. For this, correlations bet-
ween independent variables are examined (Table
2). Very high correlation values are not available
between variables. Therefore, Assumption 2 is pro-
vided (Table 2).
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Table 2
Pooled within-groups matrices
Property Rent Watery Dry Domatoes Fertilizer Medicine Water Fuel Forage No. of animal
Property 1.000 -230 .195 .740 039 -.001 -034 .035 .068 .275 .366
Rent -230 1.000 .670 .137 .590 -.007 -055 .378 .248 235 -.053
Watery 195 .670 1.000 -.006 793 .000 .052 534 145 1383 119
Dry .740 137 -.006 1.000 -.172 —-.004 -131 -052 .201 .439 .262
§ Domatoes -039 590 .793 -.172 1.000 .006 .044 .666 .120 -.140 —-.094
% Fertilizer -.001 -.007 .000 -.004 .006 1.000 -209 .021 -118 -.178 -.097
8 Medicine -.034 -055 .052 -.131 .044 -.209 1.000 -.001 .052 -.144 —-.087
Water .035 378 534 -.052 .666 .021 -001 1000 -.129 -.004 —-.092
Fuel .068 248 145 201 120 -.118 .052 —-129 1.000 .043 125
Forage 275 235 133 439 —-.140 -.178 -144 -004 .043 1.000 218
Numb. of animal 366 053 119 262 -.094 -.097 -.087 -092 .125 .218 1.000

Evaluation of importance for discrimination
functions

Canonical correlation, Eigenvalue and Wilk's
Lambda statistics are used to determine how im-
portant the discrimination function is.

Canonical correlation and discrimination
scores measured relationship between groups and
at the same time showed the total variance ex-
plained. Canonical Correlation value is 0.243. If we
make an evaluation this value, we must take a
square this (0.243)? = 0.059. Namely, our model
explains 5.9% of the variance at the dependent var-
iable (before and after irrigation) (Table 3).

The fact that the eigenvalue statistic is large
indicates that a larger part of the variant for depend-
ent variable will be explained by that function. The
Eigenvalue values greater than 0.40 with good pre-
cision are good but this proportion value is not ex-
act value (Table 3).

Table 3
Eigenvalues
Function Eigenvalue % of  Cumulative  Canonical
variance % correlation
1 .0622 100.0 100.0 .243

2 First 1 canonical discriminant functions were used in the analysis.

Wilk's Lambda statistic shows the fraction of
the total variance in the discrimination scores that
is not explained by the differences between the
groups. In this study, 0.941 (94.1%) of the total
variance in the discrimination scores can not be
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explained by the differences between the groups
(Table 4). Here, Wilk's Lambda significance
statistic is 0.026 < 0.05, then there is significance
of eigenvalue statistic and only 1 discriminant
function (Table 4).

Table 4
Wilks' Lambda
Test of function(s) Wilks's Lambda Chi-square df  Sig.
1 941 4.941 1 .026

Evaluation of importance for independent
variables in discriminant analysis

To evaluate the significance of the independ-
ent variables, we need to look at the discriminant
function coefficients and the load of each inde-
pendent variable in the structure matrix. The stand-
ardized separation function coefficients are given
below (Table 5). The number of animals is an im-
portant independent variable that distinguishes in
pre- and post-irrigation establishments. The num-
ber of animals coefficient is 1.000. Therewithal,
this coefficient is correspond to beta coefficients in
the regression analysis. That is, it shows propor-
tional importance of independent variables for es-
timation of dependent variable. Property, Rent,
Watery, Dry, Domatoes, Fertilizer, Medicine,
Water, Fuel, Forage variables are not effective
variables to distinguish in pre- and post-irrigation
establishments. (For that reason, you can’t see
these variables in Table 5.)
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Table 5

Standardized canonical discriminant
function coefficients

Function
Number of animal 1.000

Structure matrix is used for evaluating the im-
portance of independent variable. This matrix
shows the correlation of each variable with the dis-
criminant function. In this study, there is only one
function due to the one function. When the number
of categories at the dependent variable is large, the
number of discrimination functions will also be
large. Every column shows one function. Correla-
tions in here may be liken factor loadings in factor
analysis (Table 6).

Table 6
Structure matrix
Function
Number of animal 1.000
Property? .366
Dry? .262
Forage? .218
Fuel? 125
Watery? 119
Fertilizer? —-.097
Domatoes? —-.094
Water? -.092
Medicine? —-.087
Rent? —-.053

This variable not used in the analysis.

According to Structure matrix, Number of an-
imal variable has the most highest correlation with
discrimination function. Property, Rent, Watery,
Dry, Domatoes, Fertilizer, Medicine, Water, Fuel,
Forage independent variables are not an important
estimator (Table 6).

Discriminant function and remarks

The discriminant function called the Canoni-
cal root is a linear combination of independent var-
iables (Table 7). That is,

Z=a+bX;+byX,+ -+ bpX,.
Here,

Z: discriminant score;

a: constant;

b: discriminant coefficients;

X: independent variables.

The b coefficients maximize the distance be-
tween the averages of the independent variables.

Table 7
Canonical discriminant function coefficients

Function
Number of animal .014
(Constant) —.368

Unstandardized coefficients

Above table shows us unstandardized discri-
minant coefficients. These coefficients are corre-
spond to unstandardized beta coefficients. Discri-
minant function is as follows:

Z = —0,368 + 0,014 (Hayvan say1st)

Table 8
Classification results?
Tabaka Predicted group membership Total
1 2

1 37 5 42

Count 29 13 42
o 1 88.1 11.9 100.0
0 2 69.0 31.0 100.0

CONCLUSIONS

Z scores belong to establishments can be cal-
culated by replacing animal numbers for all. It does
not matter if the coefficients are plus or minus sign.
Expresses whether the relation of the independent
variables to the dependent variable is positive or
negative.

The success of the analysis in the discrimina-
tion analysis is the correct classification percent-
age. The higher the percentage of correct classifi-
cation, the more successful the analysis is. As given
in the following table, 59.5% of the sample we in-
cluded in this study were correctly classified.
Namely, 50/84 = %59.5.
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Abstract: The necessity of fair distribution of agricultural supports among Member States, the re-evaluation
of support policies to consider the rising of price volatilities and environmental concerns, and the recent food crisis
with the danger of global warming, are the main reasons for the reforms of Common Agricultural Policy (CAP), which
covers the period 2014-2020, in European Union (EU). EU agriculture needs to attain higher levels of production of
safe and quality food while preserving the natural resources that agricultural productivity depends upon. Therefore,
new CAP away from product-based support towards farmers support and considerations for the environment. The most
important of this new support is “greening”. Greening can be defined as making environmentally friendly production
and emphasize the importance of the protection of the environment. This new policy instrument is one of the payments
that in the Pillar 1 of the CAP. Given the pressure on natural resources, agriculture has to improve its environmental
performance through more sustainable production methods. From 2015 onwards, the CAP introduces a new policy
instrument in the Pillar 1, the Green Direct Payment. Accordingly, farmers have to implement 3 agricultural practices
compulsorily. These are crop diversification, the maintenance of permanent grassland and Ecological Focus Areas.
Measures determined by the new reforms are agri-environmental-climate measures, organic farming, Areas of Natural
Constraints (ANC), Natura 2000 areas, forestry measures and investments which are beneficial for the environment or
climate. This study aims to evaluate reforms that will be implemented in the period of 20142020 in CAP specific to
agri-environment and these reforms are aimed to be examined in terms of Turkey that continued negotiations with the
EU. The study is based on literature. In this frame, examination, synthetizing and establishing relationships with sources
was followed. According to the findings, the aim of the new reforms in EU related to agri-environment is environmental
and climate benefits. But in Turkey, there are not any policy implementations yet.

Key words: European Union; agri-environmental measures; CAP 20142020 reforms; greening; Turkey

ATPO-EKOJIOIIKUTE PE®@OPMU HA EBPOIICKATA YHUJA
BO MEPUOJOT 2014-2020 1 EOEKTH BP3 TYPLIUJA

AmncTpaxT: [Torpedara o npaBuyHa pacrpeaenoa Ha MOIPIIKHATE Ha 3eMjOJICIICTBOTO Mel'y 3eMjHTe-4ICHKH,
MOBTOPHATA eBajlyaldja Ha IOJUTUKHUTE 32 MOPIIKA CO pasTiieyBambe Ha 3TOJIEMYBABETO HA TIOPACTOT Ha IEHUTE U
3arpIKEHOCTa 3a KMBOTHATA CPEANHA, KaKO M HEOJaMHEIIHATa KPH3a CO XpaHa CoO OITaCHOCTa OJf TI100aTHOTO 3aToM-
TyBame, ce INIaBHUTE MPUYNHU 32 pe)OpMHUTEe Ha 3aeHUYKaTa 3eMmjoxeincka nomurtuka (33I1) Bo EBpornckara Yuuja
(EVY) koja ro ondaka nepnogor 2014-2020 roguna. 3emjomencrsoro Ha EY Tpeba ma mocturae moBHCOKO HUBO Ha
NPOU3BOJCTBO Ha Oe30e/Ha U KBAJUTETHA XpaHa, HCTOBPEMEHO 3a4yBYBajKH I'M IPUPOIHUTE PECYPCH Of KOH 3aBHCH
3€MjO/ICJICKOTO MPON3BO/ICTBO. 3aToa, HoBata 3311 ox moapinkara Ha hapMepuTe 3aCHOBAaHA Ha IIPOU3BO/IM J1aBa MO/~
JPIIKa M CO OIJIe]l Ha )KMBOTHATa cpeiiiHa. HajBa)xHOTO 071 0Baa HOBa MOAJIPIIKA € ,,[103eleHyBambeTo . [To3enenyna-
ETO MOJKE J1a ce Ie(UHUPa KaKO EKOJIOMIKO MPOU3BOACTBO U HArJacyBame Ha BAYKHOCTA Ha 3aIITHTaTa Ha )KUBOTHATa
cpenrHa. OBOj HOB MOJIMTHYKU HHCTPYMEHT € €THO OJf IuTakamara mrto ce Bo Cton6 1 Ha 33I1. Co orien Ha IPUTHCOKOT
Bp3 IIPUPOTHHUTE PECYPCH, 3EMjOACICTBOTO TPeda a TM IoA00pH CBOUTE €KOJIOIIKH ITep(hOPMAHCH IIPEKY MO0 IPKIHBI
nponsBoacTBenu Meroan. Ox 2015 roxguna nasamy, 33I1 BoBexyBa HOB HHCTpYMEHT 3a noyutuka Bo Ctonb 1, qupekT-
HO 3eJeHo Iutakame. Criopen Toa, 3eMjomenuTe Tpeda 3aJ0IDKUTEHO a CIPOBEAAT 3 3eMjONeNICKH MPAaKTHKH. Toa
ce: nuBep3u(UKaMja Ha KyJITypHUTe, IIEPMAHEHTHO OAPKYBambe HA MACHINTATa U OOJIACTH OJ EKOJIOUIKH HHTEpecC.
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MepkuTe yTBpICHH CO HOBUTE PePOPMH Ce arpo-eKOJIOIIKO-KIMMATCKUTE MEPKH, OPTaHCKOTO 3eMjOIENICTBO, o0Jac-
TUTE Ha IPUPOIHY OTpaHnIyBama, oonactute [Ipupona 2000, mrymapckuTe MEpKH M HHBECTUIIMUTE KOU C€ KOPHCHU
3a )KMBOTHATa cpeanHa WiH kimMarta. OBaa CTyauja MMa 3a IIeN Ja TH OLIeHH peopMHTe KOM Ke ce CIIPOBEIaT BO
nepronot 2014-2020 roauna co 3311 crnermbuynu 3a arpo-ekojoryjata u Aa Ougat UCIUTaH BO ofHoc Ha Typuuja
Koja I'l mpoaospku nperoBopute co EY. Ctynujara e 6a3upana Ha nmureparypa. Bo oBaa paMka cienene HCIUTYBambe,
CHHTETH3Mpakhe M BOCIIOCTaByBakbe BPCKH €O M3Bopu. Cropen HaoauTe, Lenta Ha HoBuTe pedopmu Bo EY nosp3anu
€O arpo-exosioryjara ce NpuAoOMBKHTE 3a KMBOTHATa cpeauHa U kiuMmara. Ho Bo Typuuja cé ymrTe HeMa HHKaKBa

UMIUICMCHTAllHOHA ITOJINTHKA,

Konyunn 360poBu: EBporicka YHHja; arpo-eKoIomKy MepkH; peopmu Ha 3aeTHIIKA 3€MjOIeTICKa TTOJINTHKA;

Typuuja

AIMS AND BACKGROUND

Over the last two decades, the Common Agri-
cultural Policy (CAP) has undergone a gradual
change from market intervention instruments (e.g.
price support) to farm-specific measures attempting
to enhance the environmental performance of the
EU agricultural sector [1]. The reasons for the re-
form’s need are CAP’s internal problems, spending
that are not properly reached to the target groups,
being focusing problems which quickly decrease
society support for CAP and complicate decision
maker’s jobs for CAP, and makes difficult in CAP’s
related decision making process for unit’s personals
and defending it in EU budget debate [2].

When compared to the reforms of the past
years, it is seen for the first time that the entire CAP
has been fully reviewed and the European Parlia-
ment acts as a co-legislator with the Council. The
new CAP has focused those new instruments which
are especially given direct payments, better tar-
geted, fairer and greener and more strengthened ru-
ral development subjects. Moreover, new reforms
have been organized more efficiently, targeted and
consistently. In short, the new CAP can be said to
have built on the reforms of the past years to meet
new challenges and objectives.

The long path that led to this decision moves
from two different origins: on the one hand, the
acknowledgement of the rapid post-war transforma-
tion of agriculture in Europe that entailed many en-
vironmental consequences, especially in terms of
biodiversity reduction and pollution increase; on the
other hand, the need to justify the large amount of
direct payments granted to farmers with no specific
commitment on their behalf. With the greening of
direct payments, the EU keeps following the same
path: a mandatory set of requirements to meet in or-
der to “gain” the full amount of direct payments.
The logic underlying the greening of direct pay-
ments in the most recent CAP reform is enhancing
the provision of public goods through the agricul-
tural activity [3].

While EU farming seeks to achieve a level of
quality and safe food production, on the one hand,
it also needs to protect the natural resources which
agricultural production depends. For this reason, the
CAP in the new period is switched from product
based support to farmers oriented and environmen-
tal-friendly support. One of the main new features
of the 2014-2020 regulations is payment for agri-
cultural practices that are beneficial for the climate
and the greening paymenta. This new policy instru-
ment is one of the payments in the Pillar 1 of the
CAP. CAP greening includes measures that are ob-
ligatory for farmers who wish to receive full direct
payments and farmers who follow a specified set of
mandatory farm practices [1, 4].

Turkey’s EU candidacy was officially appro-
ved at the Helsinki Summit held in 1999 and it was
decided to start negotiations on October 3, 2005.
Developments in the EU are closely concerned to
Turkey in this respect and Turkey has worked in the
framework of alignment with the EU. One of the
relevant fields of study is the agri-environmental
policies.

The objective of this paper is to evaluate CAP
reforms in the period between the years 2014—2020
specific to agri-environment, to examine these re-
forms for Turkey, to contribute to the literature in
this way and to give a different perspective to the
subject.

EXPERIMENTAL

As this study is based on a literature review, it
includes the studies on the general sources of agri-
environmental reforms of EU in the period of 2014—
2020 and effects in Turkey and carried out by sev-
eral private and state institutions. Internet sources,
books and articles on this subject have also been
used. The research methodology consists of inter-
preting previous studies, evaluating and synthesiz-
ing sources, identifying agri-environmental reforms
of EU in the period of 2014-2020 and, as a result,
to identify the effects of Turkey in the field of agri-
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environmental policies. The main method adopted
has to evaluate, synthesize and establish re-
lationships among the works form the relevant liter-
ature.

RESULTS AND DISCUSSION

Developments in global agricultural markets
and new EU commitments on climate change and
sustainable development mean the common agricul-
tural policy needs to evolve yet again, to meet these
continuing challenges [5].

Because of the increased pressure on natural
resources, agriculture has to improve its environ-
mental performance through more sustainable pro-
duction methods. Farmers also have to protect them-
selves from undesirable situations such as climate
change, global warming, fire, flood or drought and
to adapt to these situations. A new application under
the name of “Green Direct Payments” is continuing
in the Pillar 1 of the CAP starting in 2015. Accord-
ingly, farmers have to implement 3 agricultural
practices compulsorily. These are crop diversifica-
tion, permanent protection of grasslands and Eco-
logical Focus Areas. It has made arrangements in
the matter of allocating at least 30% of direct pay-
ments to environmentally friendly investments and
allocating 30% of rural development program
budget to agri-environmental measures for the im-
plementation of these practices for farmers [6]. In
addition, farmers are rewarded with respect for en-
vironmental services (e.g. landscape, agricultural
land, biodiversity, climate change mitigation, etc.),
although they do not have market values [7].

All payments will still be subject to respecting
certain environmental and other rules. In addition to
the Basic Payment Scheme/Single Area Payments
Scheme, each holding will receive a payment per
hectare for respecting certain agricultural practices
beneficial for the climate and the environment. This
is compulsory and failure to respect the greening re-
quirements will result in penalties which go beyond
the greening payment, i.e. after transition offenders
will also lose up to 125% of their greening payment
[8].

Greening. The reform introduced a new green-
ing component as part of direct payments [9].
“Greening” is a major innovation brought in under
the 2013 CAP reform, makes the direct payments
system more environment-friendly. Farmers who
use farmland more sustainably and care for natural
resources as part of their everyday work benefit fi-
nancially [7]. The reformed CAP imposes stronger
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linkages of decoupled payments to agricultural
practices beneficial to the climate and environment.
The conditions are similar to cross compliance but
more demanding than the cross-compliance require-
ments [10]. The requirements of this measure are in
addition to cross-compliance constraints, which are
requirements intended to protect the basic environ-
mental conditions necessary to agriculture [4]. As a
general rule, the greening payment is to be granted
as a flatrate payment per eligible hectare declared
under the Single Area Payment Scheme or per enti-
tlement activated under the Basic Payment Scheme.
For the first time in the CAP 2014-2020, an
explicit attempt to remunerate public goods pro-
duced by farmers through a specific component of
the direct payments has been introduced. Green pay-
ment is a share of the total potential payment that
farmers may receive from the CAP in exchange for
the provision of public goods [3]. The purpose of
introducing a green direct payment scheme into the
Pillar 1 of the CAP is to ensure that all EU farmers
in receipt of support go beyond the requirements un-
der crosscompliance and deliver environmental and
climate benefits as part of their agricultural activity
[11]. To achieve these environmental and climate
change goals, the EU uses key instruments of Pillars
1 and 2 to provide more public goods from EU ag-
riculture encapsulated in the slogan “public money
for public goods” [9]. In this context, it should be
stressed that the introduction of greening practices
does not necessarily entail changing all practices in
all farms [11]. Member States have to use 30% of
their Pillar 1 ceilings for these new payments, cor-
responding to a maximum of €89.3 billion or 21.7%
of the total EU budget for agriculture [9]. Farmers
receiving an area-based payment have to make use
of various straight-forward, noncontractual practi-
ces that benefit the environment and the climate.
These require action each year. They include [12]:

¢ Diversifying crops: This requirement applies to

farmers with over 10 ha of arable land.

> Up to 30 ha: Farmers have to grow at least 2
crops and the main crop cannot cover more
than 75% of the land.

» Over 30 ha: Farmers have to grow at least 3
crops, the main crop covering at most 75% of
the land and the 2 main crops at most 95%.

Farmers who already meet the objectives of
crop diversification - because a significant amount
of their overall land is grassland or fallow are ex-
empt.

e Maintaining permanent grassland: National
governments must designate environmentally
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sensitive permanent grasslands in Natura 2000
areas. They may also designate environmentally
sensitive permanent grasslands outside such ar-
eas. Environmentally valuable grasslands cannot
be ploughed or converted.
Land area to be maintained was set at an aver-
age between the base year (average for 2007-2009)
and the 2020 baseline. National or regional govern-
ments must also maintain the ratio of permanent
grassland to the total agricultural area. This must not
fall by more than 5% compared to the reference
year. If the ratio is falling or has already passed the
5% threshold, EU countries are obliged to take ac-
tion. For instance, farmers who have previously
converted permanent grassland to other uses must
reverse the conversion, and bans on further conver-
sions are issued.

e Dedicating 5% of arable land to “ecologically
beneficial elements” (“Ecological Focus Areas —
EFA”): Farmers with arable areas exceeding 15
ha (excluding permanent grassland), i.e. field
margins, hedges, trees, fallow land, landscape
features, biotopes, buffer strips, afforested area
must ensure that at least 5% of such areas is an
“Ecological Focus Area (set-aside)” dedicated to
ecologically beneficial elements. This figure will
rise to 7% after a Commission report in 2017 and
a legislative proposal [8]. AFAs cover a broad
range of features, including ones that affect
biodiversity:

» Directly, such as fallow land, field margins,
hedges & trees, buffer strips.

> Indirectly, by cutting use of inputs or better soil
protection (e.g. in areas covered by catch crops
(fast-growing crops grown between plantings of
main crops) or nitrogen-fixing crops).
Member States may decide to implement up to
50% of the EFA at the regional level in order to ob-
tain adjacent AFAs and may also decide to allow
farmers whose holdings are in close proximity to
fulfill this obligation on the basis of a collective im-
plementation [3].

It is up to national governments to draw up,
based on the common list, a list of AFASs, based on
national priorities and farming systems, from which
their farmers can choose. There are some exemp-
tions, notably for farmers with a large proportion of
grassland (environmentally beneficial).

Member States may allow farmers to meet one
or more greening requirement through equivalent
(alternative) practices. These equivalent practices
must be carried out either under agri-environment
climate schemes within Member State Rural Deve-
lopment Programmes (RDPs), or in accordance with
national or regional certification schemes, and must
yield an equivalent or higher level of benefit for the
climate and the environment [13].

During 2014-2020 in EU there is a new green-
ing structure in CAP (Figure 1). As seen in Figure
1, there are voluntary, mandatory and regulatory im-
plementation mechanisms in the new greening
structure for the period of 2014—2020. For example,
green direct payments are mandatory [6].

Far™
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Fig. 1. Environmental instruments of the CAP
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In order to avoid penalizing those that already
address environmental and sustainability issues, the
accord foresees a “greening equivalency” system
whereby the application of environmentally benefi-
cial practices already in place are considered to re-
place these basic requirements. For example, or-
ganic farmers will have no additional requirements
as their practices are shown to provide a clear eco-
logical benefit [8]. Because organic farms are con-
sidered “green by definition” as they already apply
strict rules on admissible practices which are highly
beneficial for the environment [11]. Small farmers
(5% of EU agricultural area) are exempt from green-
ing rules, for administrative and proportionality rea-
sons. For others, agri-environment schemes may in-
corporate measures that are considered equivalent.
The new regulation contains a list of such equivalent
measures [8].

Farmers who fail to comply with the greening
rules do not receive the full payments. Farmers who
break greening rules will be paid less. Such reduc-
tions reflect the number of hectares identified as
noncompliant, taking into account the specific na-
ture of the requirement concerned [13]. As of 2017,
reductions can be accompanied by administrative
penalties. In line with the proportionality principle,
the size of such penalties depends on the sever-
ity&scope of non-compliance, whether it has a last-
ing impact, whether it recurs [12].

Green rural development targets 2014-2020
[14]:
e 9%19 EU farmland under biodiversity man-
agement contract.

e %15 EU farmland under soil management
contract.

e %15 EU farmland under better water man-
agement contract.

e %7 EU farmland under contract to reduce
Greenhouse Gas or Ammonia.

e %2 livestock units (the equivalent of 3 mil-
lion pigs) concerned by climate investments.

CAP 2014-2020 budget and agri-environmen-
tal reforms. For over 50 years, CAP has been EU’s
most important common policy. It has taken a large
part of the EU’s budget, with a declining percentage
over recent years. Approximately 38% of the EU
budget (equivalent to 0.4% of the EU’s Gross Do-
mestic Product) is spent on agriculture and rural de-
velopmentis. Annually, EU spends around 58 bil-
lion Euro on CAP with the aim of supporting farm-
ers’ income and the production of public goods,
such as landscape and clean environment [10].
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There are five General Expenditure Categories
in the Financial Framework for 20142020 that was
presented to Council’s evaluation on 29 June 2011
by the Commission under the Commission’s com-
prehensive reform proposal. The second title, “Sus-
tainable Growth: Natural Resources” which con-
tains natural resources, direct expenditures for the
markets and direct payments within the scope of the
CAP, rural development and environment and cli-
mate change tackling programs was allocated
373.179 million Euro (2011 prices). When the dis-
tribution of expenditures in the 2014-2020 Finan-
cial Framework proposed by the Commission is ex-
amined, it is seen that “Sustainable Growth: Natural
Resources” has a share of 38.9% [16]. In the new
Financial Framework, the amount of funding allo-
cated for this title has decreased by 11.3% compared
to the 2007-2013 Financial Framework. By the
way, it is observed that the share of agricultural ex-
penditures in the budget has decreased to about 27%
in the new Financial Framework from 40% in the
previous period (2007-2013) [17].

From 2015 onwards roughly 12 billion Euro a
year are reserved within the direct payments system
for certain practices aimed at addressing biodiver-
sity loss, avoiding crop monoculture and securing
carbon sequestration (“greening”). In addition,
through RDPs, spending on agri-environmental
measures from 2014-2020 is forecast to rise to 25
billion Euro. It will cover a somewhat smaller area,
but thereby increase the environmental performance
for every euro invested [15].

One of the main policies of the European Com-
mission regarding agriculture is the CAP which is
divided into two pillars. The first uses annual direct
payments and market measures and the second is ru-
ral development as their main policy instrumentsis.
One of the implications of the new reforms is the
flexibility between pillars to the Member States in
terms of budget and the implementation of policy
instruments in Pillar 1.

Measures in the RDPs and agri-environmental
policies. The CAP has contributed significantly to
the financing of numerous programs for rural devel-
opment and to a differentiation of its production ba-
sis [19]. Each RDP should use 30% of the total Eu-
ropean Agricultural Fund for Rural Development
(EAFRD) contribution for climate change mitiga-
tion and adaptation as well as environmental issues.
This corresponds to only 8% of the total EU public
expenditure for agriculture [9]. Building on these
compulsory elements, rural development will con-
tinue to play a pivotal role in achieving the CAPs
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environmental objectives and in combating climate
change. These include agri-environmental climate
measures, organic farming, Areas of Natural Con-
straints (ANC), Natura 2000 areas, forestry mea-
sures and investments which are beneficial for the
environment or climate [6].

The 2020 strategy of the EU is to act in the di-
rection of sustainable growth, rational growth, and
intrinsic growth. When it is looked at the distribu-
tion of CAP’s rural development measures in the di-
rection of 2020, many measures have been deter-
mined for rural development both in the expecta-
tions of the Member States and in the direction of
the 2020 strategy. The protection of the environ-
ment related to agricultural production (23.1%) has
been determined as the most funding measure
within the rural development measures [20]. The
measures include investment in the environment
and climate, the development of woodland and im-
proving the viability of forests, “agri-environmental
climate” measures, organic farming and payments
under Natura 2000.

To avoid double funding under agro-environ-
mental conditions, payments made through RDPs
must take into account the basic greening require-
ments [4].

2014-2020 reforms and Turkey’s situation

When one closely looks at the reforms of EU
for the period of 2014-2020, it could be seen that
the environmentally friendly practices in the agri-
environmental context are the ones being at the fore-
front. Especially, it could be said that greening in
the direct payments is the most important reform
and that reform is attached to the main 3 criteria.
When Turkey is evaluated in that context, it could
be said that current supports are not attached any of
the environmental criteria. However, there are sev-
eral support tools given a long time for the agri-en-
vironmental issues such as Environmentally Based
Agricultural Land Protection Program (CATAK),
organic farming, Good Agricultural Practices, bio-
logical and biotechnical managements, climate
change. In the support tools, for instance, organic
farming is out of the scope of current reforms in EU.
Even though CATAK is seen as a practice of cross-
compliance, it does not cover the issues in EU
because of its voluntary application.

Biodiversity conservation, soil and water
management within the framework of rural devel-
opment objectives in the new era in the EU are
among the topics discussed in agri-environment

policies in Turkey. However, these subjects are not
a prerequisite for the support provided within the
scope of the agricultural environment.

In brief summary, it can be said that the situa-
tion of connecting agri-environment measures to the
subsidies in EU has not a policy implemented in
Turkey yet. What need to be considered at this point
is Turkey’s preference is whether a policy in this di-
rection. It is also believed that reevaluation of this
issue will be beneficial in the EU alignment phase.

In addition, supports in EU is generally deter-
mined for long periods of time and farmers’ given
the opportunities to make long-term plans based on
these payments can be said that disadvantaged farm-
ers in Turkey on this issue.

CONCLUSIONS

The purpose of the present paper is to assess
the 2014-2020 CAP reform specific to agri-envi-
ronment and evaluate these reforms from the point
of Turkey. Compared to previous studies, there are
many studies about 2014-2020 CAP reform, but
there aren’t any studies related to Turkey’s situa-
tion. So, it is thought that such a study can contrib-
ute to the literature and give a different perspective
to this subject.

The most important reform in the period of
2014-2020 in EU is “greening”. This reform has a
substantial change to the implementation of direct
payments. The protection of the environment and
the tackling climate change is the basis of EU’s re-
forms and the CAP can play an important role for
these purposes. Therefore, there is a need in order to
better understand where the current CAP reforms
can be simplified and modernized. The CAP green-
ing measures include crop diversification, mainte-
nance of permanent grassland and EFA.

There are main instruments for CAP reforms
and Member States have the flexibility to choose
which of these tools to use in order to achieve the
desired results, taking into account their national
context. Member States can develop its own strate-
gic plan and how they can meet these agri-environ-
mental objectives.

When the subject is evaluated in terms of Tur-
key, Turkey needs to draw lessons from these prac-
tices. Agricultural supports in EU are announced on
a five years calendar. It will be useful their year’s
support (how, one-year support) for Turkey at least.
Because the farmers need to be able to see the
coming years. This issue is much more important in
terms of small farmers.
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As a result, the CAP will continue to have stra-
tegic importance in the direction of Europe 2020 ob-
jectives. To sum up, CAP continues to be important,
reshaping its day-to-day requirements. It should not
be forgotten that the only thing that does not change
is change.
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Abstract: Usage of remote sensing techniques and Geographical Information Systems (GIS) in agricultural
activities is becoming more and more popular. Benefiting from remote sensing, essential functions including cropland
coverage estimation and monitoring can be achieved. Considering the fact that the reflectance values of same product
type can differ with respect to soil characteristics. This research aims to investigate relationship between soil properties
and the cropland reflectance values. The canopy rates of cropland also effect reflection values significantly. In this
study 104 wheat-barley parcels and 26 potato parcels in Central Anatolia region of Turkey were chosen from the two
different districts, Haymana and Buinyan. To disclose the relationship, images from Sentinel 2 and Landsat 8 satellites
are downloaded for predefined parcels during one season of production (March to December 2017). Image Analyst,
ArcGIS® and also Agrovisio®© software were used in preprocessing steps of satellite images and getting digital num-
bers of pixels. Soil properties are affected by cropland characteristics such as water holding capacity, organic matter
content and mineral components. Soil cover ratio of canopy is related to its phenological stages. Digital numbers (DN)
of satellite images have been changing according to species’ phenological stages for each band. Therefore, soils cannot
be shown any standardization on reflection values even for the same crop species. In this study, the reflection charac-
teristics of two plant species grown on different colored soils were investigated. Dark color soils have high organic
matter and clay percentage thus has much moisture content that are increasing their absorbance legibility for each band.
However, light color soils have much more felsite minerals inside and lower water holding capacity that have higher
reflection values for each band. As the outcome of this research, soil properties which includes soil color, water holding
capacity and mineral composites should be consider for the determination of the reference for reflection values of
cropland.

Key words: remote sensing; satellite images; soil color; crop phenological stages; vegetation canopy rates

HCTPAXKYBAIBE 3A OJJPEAYBAIBE HA EOEKTUTE HA OJAEJHU CBOJCTBA HA ITIOYBATA
BP3 CIIEKTPAJIHATA PE®JIEKCUJA HA OBPABOTYBAHOTO 3EMJUIITE

AmcTpax T Bo 3eMjomenckure akTHBHOCTH C€ TOIOIyJapHa CTaHyBa yrmoTpebara Ha TEXHHKUTE 3a
CaTeNINTCKO CHUMame U Ha reorpadckute nHdopmarucku cuctemu (I'MC). Co nmomomr Ha caTeIUTCKOTO CHUMAE ce
J0OMBa CIIMKa HAa OCHOBHUTE (QYHKIIMH Ha IMOYBATA BKIYYHTEIIHO MPOICHA Ha ON(aToT Ha 3aMjOCICKUTE MOBPIINHHUH
u ce Bpiu MoHuTOpuHT. Co orjen Ha GakToOT IeKka BPeAHOCTHTE Ha pedieKchjaTa Kaj UCTUOT B IIPOM3BO MOXKAT
Jla ce pa3JIMKyBaaT CIope]] KapaKTepHCTHKUTE Ha M0YBaTa, OBa MCTPaXXyBarbe MMa 3a el 1 ja HCTPaXKH BpcKara I1o-
Mery CBOjCTBAaTa Ha IOYBaTa M BPEITHOCTHTE Ha peduiekcrjaTa Ha 3eMjoerckute moBpmH. [Tonoxbara Ha 3eMjum-
TETO MCTO TaKa 3HAUUTEIHO BIIMjae BP3 BPEJHOCTUTE Ha peduiekuujara. Bo oBa nctpakyBame 6ea ondarenu 104 map-
LIEJTM CO MTYEHHIA U jauMeH U 26 mapIiend co KOMIIMPH BO JBE Pa3iIM4HK 001acTH, XajMaHa U buibaH, BO LleHTpaliHa
Amnanonmja Bo Typuwja. 3a ma ce yTBpau Bpckara, ox catenutute Sentinel 2 n Landsat 8 ce cuMHaTté cHUMKHTE 3a
OJTHAmpe/ yTBPACHHUTE Mapleid BO TEKOT Ha €lHa NPOU3BOAHA ce30Ha (MapT—aekemBpu 2017). 3a nmperxoana obpa-
0OTKa Ha CaTeIMTCKUTE CHUMKH U 3a JOOMBambe AururtaieH 0poj rukcenu Oea kopucrenu codreepure Image Analyst,
ArcGIS®, kako u Agrovisio® ©. Bp3 cBojcTBaTta Ha 0YBaTa BIIHjaaT KApaKTEPUCTHKUTE Ha 00pabOTYBAHOTO 3EMjHIII-
Te, KaKo IITO Ce BJarara, COAP)KUHATA HAa OPTraHCKU MaTepUU M MHUHEpAIHUTE KOMIOHEHTH. [louBeHaTa MOKpUBKa
3aBHCH OJ1 Hej3MHUTE (PeHONOMWKH cTanuyMu. Jururanaure 6poesu (DN) Ha caTenMTCKUTE CHUMKH Ce MEHYBAaT CIIO-
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pen deronmomkute dasu 3a cexoj mojac. [lopaau Toa moyBHuTE HE MOKAT J1a OMAAT IPHKAKAHH CO HEKAKBa CTaHIapIu-
3aIyja Ha BPEOHOCTHTE Ha peduieKcHjaTa, TypH W 3a HCTHTE BHIOBH KynTypu. Bo oBaa cryamja Oea mcnuTyBaHH
KapaKTepHUCTUKH Ha pedUIeKcHjaTa Ha J{Ba PACTUTEIHH BU/IA, N3PACHATH HA Pa3iIMYHO 000eH! oYBH. TeMHHUTE OYBH
MMaaT BHCOKa COAP)KMHA Ha OPraHCKa MaTepuja U BUCOK IPOLICHT Ha IJIMHA, I1a 3aT0a MMAaT BHCOKKA COJpP)KHHA Ha
BJIara IITO ja 3roJIeMyBa YHTIMBOCTA HA HEj3MHATA allCOPIIIMOHA CITIOCOOHOCT 3a cekoj Iojac. MerfyToa, CBETIUTE 10U~
BU MMaaT MHOTY ITOBEKEe MHHEpaIn Ha (eJICHT ¥ IoMall BOACH KalaluTeT, 11a Taka MMaaT MIOBUCOKU BPEIHOCTH Ha
pedrexcujata 3a cexoj nojac. Kako pesynrar Ha oBa HCTpaxyBambe, 3a OJpenyBame Ha pe)epeHTHUTE BPEAHOCTHU 32
OJIrIeAyBaHUTE KYITypH Tpeba Ja ce 3eMaT Ipe[BHJ CBOjCTBaTa Ha MOYBATa, KOM BKIyJyBaaT 0oja Ha IOYBaTa,

KalmanyTeT 3a 3apiKyBakbe Ha BOJAa U MUHEPAJICH COCTAaB.

K.]'Iy'-IHI/I 360pOBI/I: JAJICYNHCKO CHUMAKC; CaTCIIMTCKU CHUMKH, 6oja Ha 1moyBara, Q)CHOHOHIKI/I (1)331/1

AIMS AND BACKGROUND

Reflection values of crops depend on several
factors; soil covering rates of canopy, physiological
properties of plants and phenological stages of crop
types. Relation of soil and reflection values could be
explained with the soil properties; soil color, water
content, organic matter and clay percent in soil tex-
ture. Same crop type on different soil characteristics
would have different reflection values. Identifica-
tion of crops on different soil properties and differ-
ent reflection characteristics are only possible by
knowing the effects on reflections related to soil
types. In this research, reflection values of wheat-
barley and potato fields on different soil types were
examined.

Monitoring of agricultural production in very
large areas is vitally important for agricultural sta-
tistics, agricultural insurance, guessing crop yield
harvest, farmer declaration checks and so on. How-
ever, for the identification and development of the
agricultural product from the satellite images, a ref-
erence catalog is required which includes reflection
characteristics along with the phenological stage of
the vegetation types. Reflection values of some ag-
ricultural crops are already determined according to
the type of product and the recording capabilities of
the sensors. For example, digital reflection values of
some field crops such as wheat, cotton, corn and al-
falfa. are known in terms of phenological stages in
images taken from commonly used Landsat, Rapid
Eye and Sentinel 2 satellite sensors. However, ack-
nowledge reflection values of pixels are deviating
from the reference values on different soil properti-
es although the crop pattern is the same. This ob-
stacle raises the error rate of the reference data, and
presents significant problems for the identification
of crop pattern as well as monitoring of their devel-
opment.

In this study, the characteristics of solar energy
are reflected from topsoil are being investigated.
The effects of soil properties on the average pixel
reflection values during the phenological stages of

potato and wheat / barley plant covering are inves-
tigated. The results of the research show that the
identification of the agricultural crop pattern and the
monitoring of its development levels can be done
more accurately if the soil color is taken into con-
sideration. At the beginning of phenological period
of plants, the soil has a dominant portion in a pixel
reflection value due to the low plant cover rate of
the soil. However, plant cover rate of soil increases
in next weeks, and this time plants reflection be-
come more effective. In all this process, soil color
and soil texture are very effective in the reflection
values of the pixel. When the soil color is in the light
tones, it has an effect that increases the reflection in
all the bands, whereas the dark color is the absorb-
ance effect. Soil color changes depending on its
mineral composition and moisture content. In or-
ganic matter, mafic minerals and clay contents in
the soil content are darkening the soil color. The
sandy soil structure with low water holding capacity
has less moisture than can be determined by higher
reflection values. The high lime content in the soil
and the presence of the felsite minerals are known
to increase the reflection throughout the entire
wavelength.

Measurement of dry and moist soil reflectance,
the SWIR region offers significant potential for re-
lating moisture [1]. Determining soil properties by
using spectroscopy is a reliable, reproducible, rapid,
and low-cost technique for the in situ diagnosis.
And also to quantitative assessment of soil organic
matter, VIS-NIR spectroscopy analysis is highly
helpful [2].

EXPERIMENTAL

Study area. Two different regions were cho-
sen as study areas in Central Anatolia (Figure 1).
Names of the region are Haymana (in Ankara) and
Bunyan (in Kayseri). Surface of the study area in
Haymana is 8611 ha and 23675 ha in the Binyan
district.
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Fig. 1. Location of study areas

The study site consists of cultivated area that
is commonly planted with wheat, barley, potato,
forage crops, clover and sugar beet. Two of the
dominant crops are wheat/barley and potato were
investigated as materials in this research. Wheat and
barley have been examined together as one crop
type because of these two crops has same phono-
logical period and similar reflection values.

The most widely used satellite images in recent
years are from SENTINEL-2 that is a wide-swath,
high-resolution, multi-spectral imaging mission,
supporting Copernicus Land Monitoring studies, in-
cluding the monitoring of vegetation, soil and water
cover, as well as observation of inland waterways
and coastal areas. SENTINEL-2 can record sepa-
rately 13 spectral bands including visible wave-
length and also RedEDGE and infrareds (Table 1).

Mawi. unore. nayu. ciiuc., 36 (2) 267-274 (2018)

The acquired data, mission coverage and high re-
visit frequency provides for the generation of geoin-
formation at local, regional, national and interna-
tional scales [3].

In this study, the reflection values of the soil
with different structure and color were determined
in the Sentinel 2 images taken during the periods
when almost there was no plant covered on the soil.
Sentinel 2 images were acquired in 4 and 1" of
April 2017. For this purpose, 200 parcels were vis-
ited during the study area and the soil color (moist
and dry) at these points was determined by Munsell
color card.

Due to the fact that the topsoil was naturally
dry on the date when the image was taken, dry soil
color was taken into account when studying the
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statistical relationships. The coordinates of the test
points were determined by a hand GPS. Locations
of the test parcels on the satellite images were
determined by using these coordinates. In order to
monitor the reflection properties of the targeted
plants along their phenological periods, satellite im-
ages of the study area were continued to be taken at
the end of the year. In the study, 16 SENTINEL-2
and 15 LANDSAT 8 satellite images were taken be-
tween 04.04.2017 and 11.12.2017.

Table 1

Spectral and spatial resolutions
of Sentinel-2 sensor

Sentinel-2 bands Central wavelength Resolution

(Hm) (m)
Band 1 — Coastal aerosol 0.443 60
Band 2 — Blue 0.490 10
Band 3 — Green 0.560 10
Band 4 — Red 0.665 10
Band 5 — Vegetation red edge 0.705 20
Band 6 — VVegetation red edge 0.740 20
Band 7 — Vegetation red edge 0.783 20
Band 8 — NIR 0.842 10
Band 8A — Vegetation red edge 0.865 20
Band 9 — Water vapour 0.945 60
Band 10 — SWIR - Cirrus 1.375 60
Band 11 — SWIR 1.610 20
Band 12 — SWIR 2.190 20

Purposive sampling method was applied to
collect targeted samples. Sampling parcels were
chosen from different soil characteristics sites. Four
soil texture types had been commonly observed in
study area as clay loam (CL), sandy loam (SL),
loam (L) and sandy clay loam (SCL) according to
the United States Department of Agriculture
(USDA) triangular diagram of soil texture classifi-
cation. Organic matter content of the soils was de-
termined between 0.29 and 4.4%.

In order to study about statistical relationships
between the pixel reflection values and the soil
color, the pixel reflection values of the area covered
by the test parcels were extracted for 13 bands of
SENTINEL 2 and 8 bands of LANDSAT 8. Totally
200 parcels were proceeded. Following, averages of
all pixel values calculated for each parcel and each

band. A software (AGROVISIO) was developed in
the framework of the project was used for this pur-
pose. Reflection values of parcels were calculated in
every band as minimum, maximum and mean of
digital numbers of pixels were collected for analy-
sis. In this research, statistical relations between the
reflection values obtained for each band and soil
color and soil structure were investigated. The Pear-
son method was adopted in the statistical evaluation
of data. The soil colors were graded from dark to
light and each degree was symbolized by consecu-
tive numbers begin from one. Then correlation anal-
ysis between soil color values and multiband pixel
digital values was made. As a result of statistical
analysis, significant statistical relations were deter-
mined between soil color and average pixel reflec-
tion values of each band. For monitoring corp pat-
tern changes, high spatial resolution soil character-
istics maps must be used. Spectral reflectance af-
fected from plant cover rate of the cultivated soil,
soil texture, nitrogen and organic matter content and
soil salinity [4].

RESULTS AND DISCUSSION

Data analysis in the study was carried out in
two stages. In the first step, statistical relationships
between different soil colors and the spectral bands
of the Sentinel 2 and Landsat 8 satellites sensors
were determined. Then, multi-band reflectance val-
ues of wheat, barley and potato cultivated parcels on
different soil colors were investigated during their
phenological stages.

The Munsell color system is a color space that
specifies colors based on three color dimensions:
hue, value (lightness), and chroma (color purity) [5].
In this study value of colors were take consider into
to grading of color from dark to light. The soil
colors determined in the study area were graded into
5 groups from the dark to the light (Table 2).
Synchronized fieldworks were done to date of
image acquisition in order to determine relations
between reflections values and soil color within
high accuracy. The soil color measurements made
on 200 parcels and colors were determined 10 YR
7/2 as the lightest and 10 YR 3/2 as the darkest. The
average of multi-band pixel reflection values of the
parcels in each color group was calculated. As a
result of statistical analysis between parcels pixel
values and darkness grades, significant statistical
relations were determined (Figure 2).

Plants absorb the blue and red wavelengths of
the energy from the sun to do photosynthesis and
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produce protein. However, they reflect the different
levels of green and infrared wavelength energy. Be-
cause of that, for determining and monitoring vege-
tation by satellite images different portions of infra-
red wavelengths energy are being used. Initial de-
velopment period of the plants can cover the soil
surface in low rate and in that time infrared reflec-
tion level is the lowest. However, infrared reflecti-
ons from canopy in the following periods are .
Electromagnetic energy from sun in between 0.63
and 0.69 um wavelength is used by plants for
production of organic matter from inorganic matter
[6]. But NIR wavelength energy is reflected from all
green parts of plants. Depending on whether the soil
is covered by the plants, the blue and red wave-
lengths reflections from surface are decrease. Near
and just after the harvest, significant decreases were
determined in the infrared wavelength. Figures 3, 4,
5 and 6 show changes in the rate of plant covering
the soil during to the growing periods of wheat and
potato plants.

The coverage rates of the target plants in the
study areas were measured by fieldwork. At the be-
ginning of the development period of the plants it
was determined that the soil color significantly af-
fected the pixel reflection characteristic. It has been
determined that dark soil, especially due to moisture
and organic matter content, has an absorbance effect
when the plant cover rate is below 40% while light
soil has an increasing effect on all bands. Kumar et
al. tried for estimating soil organic carbon (SOC) in
forest using geospatial techniques. They used the
visible and near-infrared reflectance data of Senti-
nel-2A satellite. They studied to find statistical rela-
tionship between soil organic carbon (ground and
predicted) and leaf area index (LAI) measured from
satellite data was examined through regression anal-
ysis. They found a significant coefficient of correla-
tion (R2) is 0.95 (p-value < 0.05) for predicted soil
organic carbon and satellite measured LAI [7].

Potato is seeded in May in study areas. It
covers soil 3-15% in June and 40-60% in July. This
rate reached 95% with the highest covering rate in
August. Irrigation practices are starting in July.
Transient absorbance is observed due to the wetness
that occurs in the fields during the irrigation period.
It can be observe Figures 7-8. Potato plant harvest
is done in October. Just 15 days before harvesting,
a plant growth regulator is used to stop growing and
then the green leaves of potato dry very quickly. As
a result, there are sharp drops reflection values of
the infrared and RedEDGE wavelength. Wheat and
barley are seeded in October-November and har-
vested in July or at the beginning of August at the
study area. In April the plants are seen with a very
low cover rate (5-10%) on the soil, reaching 40-
50% levels in May and finally it reaches 80-90% in
fertile soil in June.

In the beginning of the development of the
wheat plant, the rate of covering the soil like every
other plant is rather low. At this stage the soil color
is very influential towards absorption according to
its texture and color. Besides, wheat is generally
cultivated by rainfall. water holding capacity of
soils in agricultural production is very important
due to precipitation. Clay texture soils have higher
water holding capacities and the plant develops bet-
ter in summer. The plants are developing weakly on
sandy soils and their rate of covering the soil is
lower comparing loamy texture soil. For this reason,
the effects of reflection of sandy and light color soils
continue for a long period of time. Figures 5 and 6
show that the wheat plants can reflect Electro
Magnetic Energy (EME) from sunlight in the initial
phase of development depending on the soil struc-
ture. In the later stages of the development of the
wheat plant dependents on the presence of water
holding capacity of the soil, if it is enough, NIR re-
flections are increase. After harvesting, all bands
have reflection values close to each other.

Table 2
Statistical relationship between soil color tons and multispectral reflection (DN) values

Munsell Darkness Red edge Red edge Red edge Red edge SWIR SWIR
colour values grade NIR Red Green Blue ) ©) @) (8A) (11) (12)

10/7,5 YR 3 value.. 1 2084 1486 1124 814 1696 1846 1936 2046 2433 2104
10/7,5 YR 4 value 2 2093 1435 1073 767 1628 1820 1928 2043 2426 2067
10/7,5 YR 5 value 3 2270 1658 1256 914 1864 2031 2133 2244 2676 2334
10/7,5 YR 6 value 4 2595 2009 1571 1185 = 2213 2351 2440 2534 2838 2510
10/7,5 YR 7 value 5 2839 2258 1814 1397 2481 2597 2680 2765 3054 2732
Correlation 09 095 0,94 0,94 0,94 0,95 0,96 0,96 097 0,96
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Fig. 2. Pixel digital numbers of multiband of Sentinel 2 according to different soil color
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Fig. 3. Pixel digital numbers of Sentinel-2. Multibands images during to phenological period of potato cultivated fields

on light color loamy fine sand texture soils
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Fig. 4. Pixel digital numbers of Sentinel-2. Multibands images during to phenological period of potato cultivated fields

on dark color sandy clay loam texture soils
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Fig. 5. Pixel digital numbers of Sentinel 2. Multibands images during to phenological period of wheat cultivated fields

on light color loamy fine sand texture soils
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Fig. 6. Pixel digital numbers of Sentinel 2. Multibands images during to phenological period of wheat cultivated fields
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CONCLUSIONS

To determine and to monitor plant cover with
remote sensing technique, it is necessary to know
the multi-band reflection values taking into consid-
eration the climate, soil properties and plant pheno-
logical stage in which the vegetation cover is lo-
cated. In this study, the effects of soil colors on the
original reflection values of each crop were investi-
gated in order to determine potato and wheat/barley
plants. It was understood that the soil color differ-
ences caused deviation according to the known re-
flection values of the crop pattern. Secondly, the soil
reflection characteristics should be taken into ac-
count when determining the reference reflection
value. In this study, it was determined that the re-
flection of each band is higher than normal in light-
colored sandy soils on the contrary of dark colored
clayey soils. It was observed that clay-based and
moist soil with high organic matter effected absorb-
ance even during periods when the plant cover rate
of soil was low. However, dark soils have more wa-
ter-holding capacity and more fertile, which means
the plant growth capacity is higher and also has high
NIR reflection. Remote sensing techniques can be
used to determine salinity of soil due to color
changes. For his purpose the Normalized Difference
Vegetation Index (NDVI) or the Canopy Response
Salinity Index (CRSI) can be calculated from, satel-
lite multispectral reflectance data [8]. It has been de-
termined that there is a difference in planting time
during the year as another important issue to be con-
sidered for the identification of agricultural prod-
ucts by remote sensing technique. This situation has

Fig. 8. Development of soil cover range of wheat/barley during to its phenological stages
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Z

been determined as another feature that affects re-
flection alone.
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Abstract: In Turkey, the quality and safety of food products have become increasingly important as a
requirement of the international relations and trade with the European Union (EU). EU harmonization studies have
brought in legislation related to food safety. In the framework of negotiations with the EU, it is stated that food estab-
lishments meet EU hygiene standards and legal arrangements should be made to ensure their renewal by taking into
account their operating capacities within the chapter “Food Safety, Veterinary and Plant Health”. One of the important
sub-sectors that need to comply with the legal regulations is the dairy sector. This study aims to examine the attitudes,
opinions, and ideas of the authorities of food establishments producing milk and milk products on issues EU hygiene
standards, quality, and safety of milk and milk products, living problems etc. The basic material of the thesis is the
results of the questionnaire applied to the officials of food business operators producing milk and milk products in
Ankara during the process of harmonization with EU food legislation. As a method, the “Full Count Method” was used
and was interviewed with the authority of 15 dairy establishments. According to the information obtained from the
research results; it is understood that 66.7% of the authorities do not have sufficient knowledge about EU legislation.
In addition, 53.3% of food establishments’ authorities see the supply of quality raw milk for the dairy sector as a
significant advantage in the consequence of full membership to the EU. Furthermore, the lack of a good organizational
structure negatively affects the sustainability of the existing dairy sector in terms of the supply of quality raw milk in
Turkey. In order to compete in international markets, raw milk quality must first be brought to the competitive level.

Key words: food quality and security; dairy establishments; European Union food legislation; European Union harmoniza-
tion process

OIIEHA HA MUIEKOITPOU3BOJACTBOTO BO TYPIIMJA CO OI'JZIEJ HA KBAJIMTETOT
N BE3BETHOCTA HA XPAHATA BO ITPOIIECOT HA ITPEI'OBOPUTE CO EBPOIICKATA YHHJA:
HNCTPAXKYBAIBE BO OBJIACTA HA AHKAPA

AmnctpaxkT: Bo Typuuja kBanmureToT u 6e30e1HOCTa Ha IPeXpaHOSHNUTE POU3BOAN CTAHyBaaT C& MOBAYKHU
KaKo yCJIOB 3a Mel'yHapOJHUTE OHOCH 1 TproBujata co EBponckata Yuuja (EVY). Cryauure 3a xapmonu3zauuja co EY
HPHIOHECOA 33 3aKOHOJIABCTBO IOBP3aHO co Oe30eHOCTa Ha XpaHaTa. Bo pamkuTe Ha mperosopute co EY ce HaBenyBa
Jieka TIPOM3BOACTBOTO HA XpaHa TM 33/I0BOJIyBa CTaHAApAWTe 3a xurueHa Ha EY u neka Tpeba na ce noHecat mpaBHI
aKTH 32 HUBHO 3a)XHBYBambe, 3¢MajKH TH TIPEBHI ONIEPATHBHUTE KallallUTEeTH MIPEABUICHN BO IIOTJIaBjeTo ,,be3beqrocT
Ha XpaHaTa, BETEPHHAPCTBO U 37paBje Ha pacTeHujaTa“. Enen o BaXXHHUTE IMOTCEKTOPH KOM Tpeba Jla TH MOYUTyBaaT
3aKOHCKHTE IIPOIHCH € CEKTOPOT Ha MIJICKOIPOU3BOACTBOTO. OBaa CTyAMja MMAIle 3a el Aa M MCIHUTa CTaBOBHTE,
MHCIIEhaTa U UIICUTe Ha YIIPaBHUTE OPraHH Ha MPeXpaHOCHUTE NMpEeTHpHjaTHja KOU IPOU3BEAyBaaT MIIEKO U MIICYHU
MIPOU3BOIM 3a cTaHAapauTe Ha EY 3a xuruenara, KBanuTeToT U 6€30€HOCTa Ha MJIEKOTO U MIISUHHMTE TPOU3BOAN,
KUBOTHHUTE 1poOseMu MTH. OCHOBHHOT MarepHjaji 3a OBaa 3ajaya ce OArOBPUTE O[] MPAIIAIHUKOT JIOCTaBEH IO
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MIPETCTaBHUINTE Ha OpPTaHM3allMUTe KOW IPOM3BEAYBaaT MIIEKO W MIICYHM IPOU3BOIM BO AHKapa BO BpeMe Ha
MPOIIECOT Ha YCOTIAaCyBamETO CO 3aKOHOAaBCTBOTO Ha EY. Kako meron Geme ymorpeben "Full Content Method" u
HHTEPBjyHpaHu Oea pakoBojcTBaTa Ha 15 MitekonponsBoautend. Criope] pe3yaTaTuTe Ol HCTpaxKyBameTo 66,7% ox
pPaKoBOAMTENUTE HEMaaT IOBOJNHO 3Haeme 3a 3akoHoAaBcTBoTo Ha EVY. Tlokpaj Toa, 53,3% ox opranure Ha
npexpaHOeHuTe NpeTIpujaTHja ro riaefaaT cHaboyBameTO Ha MICYHHOT CEKTOP CO KBAJIUTETHO CYPOBO MJIEKO KaKo
3Ha4yajHa NpUAOOMBKA OJl MOJHONPABHOTO WwieHCTBO Bo EY. Ho HemocTuror Ha mobpa opraHusamicka CTpYKTypa
HETaTHBHO BIMjae Ha IIOCTOJHHOT MIJICYEH CEKTOP BO OJHOC HAa CHAaOAyBameTO CO KBAJIUTETHO CYPOBO MIICKO BO
Typrwmja. 3a na ce HaTIpeBapyBa Ha MeT'yHapOIHHUTE Ma3apy, KBAJIMTETOT HA CYPOBOTO MJIEKO MOpa IPBO J1a ce J0Bee

Ha KOHKYPEHTHO HHBO.

Knyunn 360poBu: kBasmuTeT 1 6e30€JHOCT Ha XpaHa; MIEKOIIPOM3BOICTBO; 3aKOHOAABCTBO 3a XpaHa Ha EBporickara
VYHnja; nporec Ha ycorilacyBame co EBporickata YHuja

AIMS AND BACKGROUND

The concept of food security can be defined as
the ability to reach the food that all people need to
live their lives in a healthy way. However, in the de-
veloping world, while reaching food for nutritional
purposes priory, countries that have provided food
security are not only sufficient for food consumers,
but demand for safety and healthy food is increas-
ing. In addition, changes in consumer habits with
the passage of time have led to the guarantee of the
safety of consumed foods. Only half a century ago,
when there is no fridge in people’s homes and a
larger part of the population lives in the countryside
and produces its own food, today with the globaliz-
ing world, the growing food industry and changing
living conditions consumers are choosing to use
their choice of packaged food products from large
grocery stores even ready meals. This situation
places food safety at a crucial place [1]. The food
safety refers to the assuring (of the producers and
consumers) that a food does not harm the consumer
when it is prepared and consumed as pointed out [2].

The quality and hygiene of the raw materials
directly affect the hygiene of the products in the
foodstuffs, the quality of the produced products and
hygiene are effective in shelf life and consumer sat-
isfaction. In this context, it is clear that one step of
the food chain cannot be separated from the other,
and that both the primary and the final product hy-
giene are necessary for the operators and the author-
ities to implement the necessary controls to protect
the consumer [3]. Within this framework, the “farm
to fork” food safety policy adopted by EU at the be-
ginning of the 2000s which gives primary responsi-
bility for food business operators at every stage of
the food chain. In addition, with the audit and con-
trol authority given to the competent authorities is
putting maximum effort to minimize the risks and
protect the consumer. For this reason, the European
Parliament and Council Regulation (EC) No.
178/2002 laying down the general principles and

requirements of the Food Law, establishing the
European Food Safety Authority and establishing
procedures for food safety issues have been
published [4].

Negotiations between the EU and Turkey are
being carried out under 35 titles, 12 of them with
“food safety, veterinary and phytosanitary policy”
chapter in negotiations Ministry of Food, Agricul-
ture and Livestock in coordination. The “Veterinary
Services, Plant Health, Food and Feed Law” No.
5996, which enable the full transposition of the ac-
quis in line with the EU in food, feed, and veterinary
matters in the short term under the chapter “Food
Safety, Veterinary and Plant Health” was published
on June 11, 2010. Within the scope of Law No.
5996, Regulations issued in compliance with the
regulations in the EU food legislation have been
published in Turkey [5].

Within the chapter “Food Safety, Veterinary
and Plant Health”, it is stated that food business op-
erators must meet the EU hygiene standards and that
legal arrangements should be made to ensure their
renewal by taking into consideration their operating
capacities. One of the important sub-sectors that
need to comply with the legal regulations is the
dairy sector.

Milk is considered to be the most balanced
food ever found in nature, which contains most nu-
trients. It is drunk by people of all ages and nation-
alities, and the quantity varies according to the eat-
ing habits and to its availability. Milk and milk
products are an important part of the daily diet of
babies, children, elderly and sick people [6]. Milk is
a very important issue in terms of industrial sector
as well as agriculture sector. In Turkey, the share of
the value of agricultural production in dairy sector
is around 8.5-9%. Turkey is among the 15 most
milk producing country in the world with produc-
tion of 18.6 million tons [7].

In this context, establishing the present situa-
tion of the dairy products industry, which has a
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significant place in the Turkish food manufacturing
industry, problems related to meeting the EU
hygiene standards of food establishments producing
milk and milk products, implementations within the
framework of national legislation prepared in ac-
cordance with EU food legislation and reflections of
official controls on dairy establishments are needed
to investigate.

In previous studies on the subject, how food
safety studies in the EU have emerged, what legis-
lation is in force for the provision of food safety by
the EU, food legislation applicable in Turkey and
overall harmonization of EU food legislation impact
on Turkey’s food industry are discussed [8]. How-
ever, in addition to these issues examined in this
study, food establishments that produce milk and
milk products, which are an important dimension of
the subject, the level of awareness of Turkish food
legislation in the EU harmonization process has
been examined and thus tried to ensure the integrity
of the subject. The study may be useful for food leg-
islation prepared under EU harmonization and offi-
cial audits made by the competent authority to see
the problems that may arise in food establishments
producing milk and milk products and decision-
makers to make necessary legal arrangements to re-
solve these problems. Thus, necessary measures can
be taken to prevent adverse effects of compliance
with EU food legislation in food business operators
in the dairy sector.

The main objective of this study is to examine
the attitudes, opinions, and ideas of the authorities
of the food establishments producing milk and milk
products in the province of Ankara, Turkey and to
give a different perspective to the subject.

EXPERIMENTAL

Materials. The main material of this study is
the primary data obtained through the interviews
made with the officials of food business operators
producing milk and milk products in Ankara.

The questionnaires were designed to make it
possible to compile the survey data easily and were
filled out in face to face interviews. The question-
naire contains the crucial questions needed to ana-
lyze attitudes, opinions, and ideas of the authorities
of food establishments with regard to EU hygiene
standards, food quality and safety of milk and milk
products, living problems etc. In addition to the data
obtained through the surveys, the articles and stud-
ies on this matter and the records and statistics of
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several institutions were looked at. The survey data
of this study based on October of 2016.

Method. The study was carried out in the prov-
ince of Ankara, Turkey. Ankara having around 7%
of Turkey’s population is one of Turkey’s leading
cities in terms of crop production. In terms of animal
production, Ankara has maintained its importance
for sheep and bovine breeding for years. 355.000
bovine animals, 2.5% of 14.2 million bovine ani-
mals in Turkey and 999.000 small cattle, 2.38% of
41.3 million small cattle in Turkey are located
within the borders of Ankara. In addition, 277.000
tons of milk, 1.5% of the approximately 18.5 mil-
lion tons of milk in Turkey are produced in Ankara
and this milk is used as an input for milk enterprises
operating within the provincial borders.

In Ankara, the number of dairy establishments
with 30 horsepower (hp) engine power or more than
10 employees is 15 with the approval of the Minis-
try of Food, Agriculture and Livestock. When the
surveyed 15 dairy establishments were examined, 8
establishments with a capacity of 60 hp and above
(53.3%) could be considered as large establishments
and the remaining 7 establishments (47.7%) with a
capacity of under 60 hp could be considered as
small establishments.

Likert scale questions include a statement of
attitude or opinion about the topic being investi-
gated and options to indicate the level of participa-
tion in that statement. In order to determine the level
of participation in Likert scale questions, multiple
options are offered between the two extremes.
These options are ranked from “highest to lowest”
or “best to worst”. The 3-point Likert scale was used
in this study [9].

In the determination of the surveyed establish-
ments, the “Full Count Method” was used to collect
data on the variables subject to the survey through
all the establishments [10]. The dairy establish-
ments with 30 hp engine power or more than 10 em-
ployees determined by the method of Unpredicted
Sampling and applied the Full Count Method. The
size of the population was determined as the number
of dairy establishments operating in Ankara with 30
hp of engine power or more than 10 employees and
the sampling volume was calculated as 15.

RESULTS AND DISCUSSION
The attitudes, opinions, and ideas of the au-

thorities of food establishments producing milk and
milk products are the source of research. The
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authorities have a vital role in implementing EU hy-
giene standards, ensuring food quality and safety of
milk and milk products and resolving living
problems. The individual characteristics of food
establishments authorities analyzed in this study
(Table 1). 60% of the authorities interviewed within
the scope of the survey are between 31-40 years of
age. Given that the distribution of the authorities of

Table 1

food establishments according to their genders,
66.7% of authorities are male. The working title of
the authorities is distributed as 53.3% Food
Engineer, 40% Agricultural Engineer and 6.7%
Veterinarian 33.3% of the surveyed authorities have
6-10 years, 26.7% 1-5 years, 26.7% 11-15 years
and 13.3% more than 16 years experiences (Table
1).

The individual characteristics of food establishment’s authorities analyseS

Characteristics

Age Age Age More than Total
Age of authorities 31-40 21-30 41-50 51
15
9 2 2 2
Ma le Female
Gender of authorities (%) T%tgl
66.7 333 1
N . Food engineer Agricult ural engineer Veterinarian Total
0,
The working title of authorities (%) 533 40 6.7 100
Working experience of authorities 6-10 years 1-5years |11-15 years|More than >15 years Total
5 4 4 2 15
i i Responsible personnel
The business mission of authorities (%) Productlogoengmeers P P Total
40 100
. . Over 60 hp Less30hp | 31-40hp 41-50 hp Total
0,
Production capacities (%) 533 333 6.7 67 100
11 personn el and over Less than 11 personnel Total
0,
Number of personnel (%) 6.7 333 100
Limited liability Capital Joint stock Public Private Total
Legal structures of milk companies (%) company company company company company | g
53.3 20 13.3 6.6 6.6
Packaged milk-producing Packaged milk producers Non-packaging milk producers Total
establishments 13 2 15

The production engineers working in the food
establishments investigate the processing, storage,
and development of new products, solve the prob-
lems that may arise during the production, ensure
the continuation of the operations, work to produce
the best product at reasonable cost and inspect and
control quality at all stages from raw material to con-
sumer [11]. The authorities within the scope of the
research, 60% of their duties are designated as pro-
duction engineers and 40% as responsible personnel
(Table 1). Hence, the result is that the majority of

the food establishments’ authorities producing milk
and milk products work as production engineers in
Ankara. Therefore, the fact that the authorities are
generally the production engineers who dominate
the production and manufacturing processes can be
evaluated positively in terms of close monitoring of
the EU legislation, implementtation of the current
food legislation and manufacturing of products in
accordance with food safety.

In the questionnaire study, the annual produc-
tion capacities (hp) of machines used in production,
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which is a criterion for measuring the size of estab-
lishments, are taken into account [12]. In this con-
text, when the capacities of the food establishments
are examined, it is seen that 53.3% of them are over
60 hp, 33.3% of them are over 30 hp, 6.7% of them
are 31-40 hp and 6.7% of them are 41-50 hp seen
(Table 1).

When the number of personnel of food estab-
lishments is examined, it is seen that 66.7% of the
food establishments employ 11 people and over (Ta-
ble 1). This requires good staff hygiene in order to
prevent contamination of the food directly with
foodstuffs, from the acceptance of raw materials to
the stages of production, processing, packaging and
transport, which are the production steps.

According to the legal structures of dairy estab-
lishments, 53.3% is a limited liability company,
20% is a capital company, 13.3% is a joint stock
company, 6.6% is a public company and 6.6% is a
private company (Table 1).

While 13.3% of the food establishments pro-
duce packaged milk, the remaining 86.7% are not
produced (Table 1). This result shows that the dairy
establishments in Ankara used to make more milk
products (ayran, kefir, cheese, kashar cheese etc.)
rather than to pack and sell raw milk and the major-
ity of packaged milk sold in Ankara comes from
food establishments outside of Ankara.

Official audits made by the competent author-
ity are carried out the appropriate frequency and di-
rectly proportional to the risk carried by the food-
stuff. In the risk-based audit system; the minimum
technical and hygienic conditions of the operator,
the knowledge and experience gained from previous
controls, and the results of the autocontrol per-
formed by food operators are taken into account.

The opinions of the food enterprises in the re-
search area concerning the official controls made by
the competent authority have also been investigated.
73.3% of the authorities of the food establishments
stated that the frequency of official control was high.
That is, it is stated that the number of official food
controls conducted by the competent authority is too
much and the establishments should be audited less
frequently.

73.3% of the food business operators stated
that the amount of punishment imposed by the com-
petent authority is excessive (Table 2). It is thought
that the gradual determination of penalties according
to the capacities of establishments and annual turn-
over will be appropriate in terms of ensuring
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competitiveness and justice between small and large
businesses.

As a result of official controls made in accord-
ance with Law No. 5996, there is a legal period of
15 days for the food operator to overcome the short-
comings found in food operation, except in cases
where human health would be jeopardized. It is seen
that 66.7% of the food business operators partici-
pated in this related question (Table 2).

The official controls carried out in Turkey are
fulfilled in accordance with the principles of fair-
ness, impartiality, transparency and professional
confidentiality, on a risk basis, without prior notice,
except where preliminary notification is required
[13]. When the answers to the questions asked by
the food business operators regarding the official
controls are made in accordance with the objective,
transparent and professional confidentiality princi-
ples, 60% of them seem to have participated in this
situation (Table 2).

73.3% of the food business operators said that
they participated in the question about the control
officers involved in official controls (Table 2). The
data in the table show that a large part of the food
business operators see the control officers as an ex-
pert and qualified.

The food sample is described as foodstuffs the
date of manufacture, the serial number of which is
the same, and the mass that it is receiving, the
amount and quality that the party can represent in
every direction. The fact that the sampling fre-
quency is high by the food business operators, when
evaluating the scope of the studies on Turkey’s ad-
aptation to EU legislation, it is emerging as a condi-
tion to be taken into account by the official authori-
ties [14].

Looking at the findings of the determination of
the effectiveness of official controls, 53.3% of food
business operators seem to have participated in this
situation (Table 2).

Information on products determined to be
harmful to human health or detected to be imitated
or adulterated within the scope of Law No. 5996 is
presented to the public information on the official
website of the competent authority. Referring to the
answer given by food business operators for the
opinion to be shared with the public’s negative re-
sults emerged in official control, 60% of food busi-
ness operators are unstable (Table 2).

All of the food business operators are of the
opinion that harmonization with EU legislation will
affect the sector positively.
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Table 2
Opinions of food business operators on official controls
| agree No opinion | do not agree Total
Opinions about official controls
Number % Number % Number % Number %
| find the number of fines imposed on my
business t0o high. 11 73.3 2 133 2 134 15 100
At official controls, the statutory period is
sufficient to overcome the deficiencies 10 66.7 3 20.0 2 13.3 15 100
identified in the operation.
Official controls are conducted on a risk basis
in accordance with impartial, transparent and
professional confidentiality principles. 9 60.0 5 33.3 1 6.7 15 100
The control officers involved in official
controls are experts in their field, qualified
persons with the necessary knowledge and 11 73.3 3 20.0 1 6.7 15 100
skills.
If the business needs to be renovated, | think
the legal period is sufficient. 10 66.7 3 20.0 2 13.3 15 100
Very frequent samples are taken at official
controls. 12 80.0 1 6.7 2 133 15 100
In terms of food safety, | find that the official
controls are effective in order to protect the 8 53.3 5 33.3 2 13.3 15 100
consumer.
I believe that if the negativity is detected in
the establishment, the negativity should be 3 20.0 9 60.0 3 20.0 15 100

shared with the public.

CONCLUSIONS

The issue of food safety has become an
increasingly important issue for recent years, which
has gained importance in terms of public health and
economic dimension in terms of all countries.
Within this framework, it adopted by the EU “from
farm to fork” food safety policy has been imple-
mented in Turkey. The implementation of this poli-
cy, regulatory framework for EU legislation consi-
dered and legal arrangements were made for food
business operators in Turkey to meet hygiene
standards applicable in the EU. One of the important
sub-sectors that need to comply with the legal
regulations is the dairy sector.

Surveys were conducted assuming that the
food business operators in the research area were

aware of the legal obligations set out in the Turkish
food legislation in the EU harmonization process.
Because according to the Law No. 5996, food busi-
ness operators are obliged to provide and verify the
conditions stated in this Law at every stage of their
field of activity. However, this legally determined
situation does not seem to be reflected in practice.

It is understood that the food establishments
authorities interviewed within the scope of the study
do not have accurate information about food legisla-
tion in the EU in general terms. As a matter of fact,
it has been seen that many of them gave wrong an-
swers to the questions regarding the EU Regula-
tions. These results show that food business opera-
tors lack information on EU legislation.

In this study; the attitudes, opinions, and ideas
of the authorities of food establishments regarding

Mech. Eng. Sci. J., 36 (2), pp. 275-281 (2018)



Evaluation of dairy establishments in Turkey with regard to food quality and safety in European Union process: research of Ankara province 281

the case of harmonization Turkey’s legislation to
EU have been researched in terms of sector reflec-
tions. In this context, surveyed all food business
operators have a positive view if food legislation in
Turkey is made compatible with the EU. In addition,
many food establishments authorities have ex-
pressed their opinion that harmonization with EU
legislation will result in a positive impact on the
dairy sector.

Within this study, more than half of the food
business operators stated that the amount of raw
milk is inadequate and policy not followed to sup-
port the milk producer in Turkey. In this context, it
is considered that measures should be taken to in-
crease the production of raw milk in compliance
with the legislative requirements of the official au-
thorities, and a policy should be followed to support
food business operators in terms of supplying raw
milk adequately. In EU countries, the base criterion
for 1 liter of raw cow milk is 4.2% for fat and 3.4%
for protein. In order to compete in international mar-
kets, raw milk quality must first be brought to the
competitive level. Therefore, in order to be able to
compete with the EU countries, it is necessary to de-
termine the reference price of the raw cow’s milk
and to observe a policy that respects the quality of
raw milk in the payments in Turkey.

In addition, there are some important points to
note. The production cost of 1 liter quality raw cow
milk in Europe is about 0.30 Euro. In Turkey, the
cost (0.33 Euro) is slightly higher than the cost in
Europe. For this reason, if the costs are not reduced,
it will not be possible with expensive production to
produce milk at low prices either in export markets
or in domestic markets. In Turkey, the policies for
rural development should be monitored in order to
ensure the competitiveness of EU raw milk produc-
tion costs. In this context, it is crucial to ensure that
small and medium-sized enterprises in the dairy sec-
tor exceed long-term economic sustainability
thresholds, improve the quality and hygiene condi-
tions of the plants, and produce in EU standards at
the production and processing stages.

Finally, before it is too late, food establish-
ments should be told that it is extremely vital to
make production in compliance with EU legislation
and to compete with counterparts in EU in order to
achieve sustainable their assets in the market. It
should not be forgotten that there is no healthy life
without food safety.
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Abstract: Nonwood forest products (NWFP) related issues have taken place among the emerging strategies
of rural development in recent decades. Production and marketing of NWFPs has economic, social and environmental
impacts on rural development. At this point the attitudes and problems of rural dwellers working as producers, gain
importance in terms of strengthening the contribution of NWFPs to rural development. In this context, the aims of the
paper are to determine the contribution of local people in NWFPs’ producing process, to analyze the effects of this kind
of products on rural development and to examine the related problems of local people. In order to achieve the mentioned
goals, questionnaires were applied in case of Istanbul and 129 villagers participated in the questionnaire survey. The
data were analyzed by descriptive statistics and comparative analysis. The results obtained are; there are some problems
on relations between forest and villagers and also NWFPs don’t have direct effect on rural economic livelihood, how-
ever the products contribute rural food supply. Thus, i) legal instruments, ii) regulatory instruments, iii) economical
instruments (taxes and incentives), iv) information-based instruments (education—research), v) public relations and par-
ticipation should be strengthened to increase the contribution of NWFPs to rural development.

Key words: forestry organization; rural development, nonwood forest products

HEJPBEHUM IIYMCKMU ITPOAYKTHU KAKO CPEACTBO 3A PYPAJIEH PA3BOJ:
HNEPCIHEKTUBU HA ITYMCKUTE CEJIA KAJ HCTAHBY.JI

A mncTpax T HenpeeHute nryMcKH NPOAYKTH BO IOCIEIHUTE JCLEHUH CE HajJoa BO HOBUTE CTPATErUH 3a
pypaser pa3Boj. CoOupameTo M MapKeTHHIOT Ha HEIPBEHH LIYMCKH NPOAYKTH HMaaT €KOHOMCKO, COLMjaJHO U
€KOJIOIIKO 3HaYeHhe 3a PypalTHHOT pa3Boj. Ox oBaa IiieJHa TOYKAa CTAaBOBHTE M OJJHOCOT HA PYPAJIHUTE JKHTEIH KOU
paboTat Kako MpOM3BOJUTENH HOOMBaaT 3HAYCHHE 32 3ajaKHYBabe Ha IPUIOHECOT Ha HEIPBEHUTE IIYMCKH IIPOAYKTH
3a pypaHHOT pa3Boj. Bo TOj KOHTEKCT, meNuTe Ha TPYAOT Ce Aa Ce YTBPAHU NMPHUAOHECOT Ha JOKATHOTO HACENICHHE BO
MIPOLIECOT Ha COOMPAmEeTO Ha HEJPBEHUTE IIYMCKHU IIPOAYKTH, J1a Ce aHAIN3UPaaT eheKTUTE O] OBOj B JAEjHOCT BP3
PYPaITHHOT pa3Boj U Jia ce UCIHUTAaT MpoOIeMHTe MOBP3aHH CO JIOKATHOTO HaceJIeHHe. 3a J1a ce IOCTUTHAT CIIOMEHa-
TUTe 11eH, Bo McranOyun Oerre cripoBefieHa aHKeTa BO Koja ydecTByBase 129 cemanu. [lomaronute Oea aHammn3upanu
IpeKy OMHMCHA CTaTHCTHKAa M KOMIIapaTHBHA aHaju3a. JJoOMeHWTe pe3yiraTd ce: MOCTOojaT HeKOM NpolieMu Ha
penaiujaTa IyMHTE U CeJIaHUTE, a HCTO Taka HEAPBEHUTE LIYMCKH NPOJIYKTH HEMaaT TUPEKTeH eheKT Bp3 pypaIHOTO
€KOHOMCKO OIICTOjyBame, HO NMPOAYKTUTE MPUIOHECYBaaT 3a pypalHO cHabayBame cO XpaHa. 3aroa Tpeba na ce
3ajakHaT: 1) JeraqsHuTe WHCTPYMEHTH, 2) PEryJaTOPHUTE MHCTPYMEHTH, 3) eKOHOMCKHTE MHCTPYMEHTH (ZaHOLHU H
CTUMYyJaluM), 4). THCTpYMEHTHTE 0a3upaHu Ha HHpopMarun (00pa3oBHO-MCTPAXKYBAUKH), 5) OHOCUTE CO jaBHOCTA
U cyOBEHIINUTE, 32 IPUAOHECOT HAa HEAPBEHHUTE IIYMCKH IPOAYKTH BO PYPATHUOT Pa3Boj Jia CE 3TOJIEMH.

Kny4ynu 3060poBH: IIyMcKa IOJIMTHKA; PypajeH pa3Boj; HEAPBEHHU NIyMCKH NPOIYKTH

AIMS AND BACKGROUND tural activities and also the initial forestry imple-
mentations focused on regulation and enhancing
The demands on wood material increased by wood production [1, 2]. Thus, wood production had

the increment of permanent settlements and agricul- been the essential forest utilization type until the
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20" century. After then, forestry has also begun to
focus on the other economic, social and environ-
mental functions of forests [3]. In this context,
NWFPs has become as one of the prominent func-
tions of forests. Besides, Erdénmez and Yurdakul
Erol mentioned that nonwood forest products utili-
zation is one of the main utilization types during the
pure agricultural society period [4]. Although
NWFPs were seen as a source of foodstuff in this
period, modern forestry has focused on economic,
social, cultural and environmental dimensions of
these products. The increased interest on NWFPs is
deal with international shift to multifunctional sus-
tainable management [5]. Parallel to this approach,
NWFPs gained importance in the context of their
potential of contribution to rural development, be-
ing source of some natural food, cosmetics and
medical products, maintaining source of income to
forestry organization [6, 7]. Also NWFPs have ef-
fect on rural development in terms of health, food
security, environmental protection and collabora-
tion-cooperation between rural people [8]. Also Fu
et al. expressed that utilization of NWFPs as a
source of livelihood also has positive effects on pro-
tection of forest resources [9].

Management authority related NWFPs be-
longs to General Directorate of Forestry and this
governmental organization employs forest coopera-
tives and villagers in harvesting of these products in
Turkey. Also forest villagers have some legal rights
in terms of harvesting and marketing some NWFPs
by paying reduced prices.

The harvested and traded NWFPs are plant-
based and according to the official records, there are
346 types of these products and 98 of them has been
traded in Turkey. 24 of these species have endemic
characteristics and 7 of them have been exported
[10]. Export of these products has made by private
companies. However, the total income also the
share of forest villagers is lower than the potential
economic value. Turkey exports these products as
raw material that provides lower economic income
when compared with the value of manufactured
products. Furthermore, there has been an increment
in the Turkey’s export income level that is provided
by NWFPs in recent years. While this income was
38.7 million $ in 2002, it was raised to 122.5 million
$ in 2010 [11]. This increment is important for both
national economy and rural economy. Sakarya and
Canli also highlighted that NWFPs sector takes
place in the second place in terms of financial and
real income resources of forest villagers [12].

Furthermore, considering local interest, de-
mands and properties and also maintaining partici-

pation of local people to decision making process
has critical importance in terms of providing sus-
tainability of NWFPs [13, 14]. Because, the utiliza-
tion dynamics and social effects of forest resources
utilization show different characteristics at different
regions.

At this point, the determination of problems
and attitudes of forest villagers at local level gain
importance in terms of strengthening the contribu-
tion of NWFPs to rural development. In this context,
the aims of the paper were to determine the contri-
bution of local people in NWFPs’ producing pro-
cess and to examine the related problems of local
people in the context of sample cases.

EXPERIMENTAL

In the first stage of the research the sample
cases were selected by considering the properties of
forest enterprises operate under Istanbul Regional
Directorate of Forestry. In this context, Catalca and
Sile Forest Enterprises were chose as the two sam-
ples. Purposive (deliberate) sampling method was
used while determining sample cases. In this context
the two sample forest enterprises were chose by
considering their NWFPs’ activities and related po-
tential, their location and existence of related scien-
tific research. In this context, the two samples have
important and big potential in terms of production
of NWFPs in Istanbul. Besides, Sile is in Asian side,
whereas Catalca locates in European side of the city.
On the other hand, there are some previous scien-
tific projects made in Sile however there is not any
projects in Catalca related NWFPs. It is important
in terms of the attitudes and awareness of the villag-
ers. In the second stage a questionnaire survey was
conducted to collect data. In this context 129 villag-
ers completed the questionnaires. The features of
the villagers in terms of the status of the villages that
they live, the period of living time in the village,
age, education level, income level and source of in-
come can be seen in Table 1.

The 80 % of the participants live in forest and
the rest lives nearby forests (Table 1). Approxi-
mately all of the participant (98 %) has lived in their
villages for more than 20 years and 65.9 % of the
participant villagers is more than 41 years old. Half
of them (54.3 %) are graduated from primary
school. The monthly average income is less than
1200 TL (440 $) for 90 % of the participant villag-
ers. Forestry and livestock is the main source of in-
come for 40.3 % and 26.4 % of the participants re-
spectively (Table 1).
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Table 1

Frequency and percentage of forest villagers participated to the questionnaire
in terms of socio-economic features

Features of villagers N %
(Frequency)  (Percentage)
State forest enterprise Catalca 44 34.1
Sile 85 65.9
Status of village Inforest 103 79.8
Nearby forest 26 20.2
Period of living time in the village LSS than 20 years 3 23
2040 years 33 25.6
More than 40 years 93 721
Level of education Primary school 1 95
Secondary School 37 28.7
High school 18 14
University 3 2.3
Age 20-40 44 34.1
41-60 71 55
Older than 60 14 10.9
Income level (average monthly) Less than 1.200 38 29.5
1200 - 2000 78 60.5
More than 2000 TL 13 10.1
Main source of income Forestry 62 48.1
Agriculture 15 11.6
Livestock 34 26.4
Trade 5 3.9
Civil servant 13 10.1

The questionnaire consisted of two main parts
of questions. The first part was related with harvest-
ing process and the second part focused on the ef-
fects of NWFPs-related process and developments
on forest villagers. The first part of the question-
naire also consisted of statements using five point
Likert type scale. Answers to each question were
given as a reflection of choices from the strongest
agreement to the strongest disagreement (I strongly
agree, | agree, [ am neutral, I don’t agree, I strongly
disagree). A three-point scale was also used in the
second part, where the value of 1 corresponded to
“improve”, and the value of 3 corresponded to “re-
gress”. The results of the questionnaire were evalu-
ated by SPSS (Statistical Package for Social Sci-
ences). First of all, reliability analysis was con-
ducted in testing scale reliability and the item-total
correlation. The estimate of Cronbach’s alpha (o)
for the first group of questions was a = 0.55, and
for the second group was a = 0.51. Thus the relia-
bility is at moderate level and appropriate for statis-
tical analysis.

Maw. unore. nayu. ciivce., 36 (2), 283-290 (2018)

Some descriptive analysis was made and also
analysis of variance (ANOVA) and t-test were used
in order to determine the statistically significant dif-
ferences among the answers given by forest villag-
ers depending on the various characteristics. The
settlement location, the status of the village, average
income, education level, source of income, living
period in the village were taken as independent var-
iables in the comparisons. In the comparisons by us-
ing ANOVA and t-test, evaluations were made ac-
cording to the significance levels (p) of 0.05 and
0.01. When a difference was found between groups,
Tukey post hoc test was used to determine which
group is different from each other.

RESULTS AND DISCUSSION

Evaluation of NWFPs’ harvesting system

The participants agreed with the expression re-
lated having adequate knowledge and experience
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about harvesting NWFPs (M = 3.96). Based on t-
test and ANOVA results there were statistically sig-
nificant differences between the forest villagers on
the basis of the state forest enterprise (p = 0.00, MD
=0,70), status of the village (p = 0.00, MD = 0,81),
period of living time in the village and average in-
come (p =0.00, F =11,91) concerning the adequacy
of knowledge and experience on harvesting-related
issues. The villagers who live in Sile (M = 4.20) had
higher acceptance level than who live in Catalca.
Also the people who live in villagers nearby forests
had higher level of acceptance (M = 4.62) than the
people live inforest villages (M = 3.80). Tukey test
was also showed that the main difference in this
group is among those who live in the village less
than 20 years and those live between 21 and 40
years (MD = 1.81, p = 0.01) and more than 40 years
(MD =1.61, p =0.02). Besides, Tukey test was also
revealed that the main difference about the
knowledge and experience level is among those
who have the highest level of income (more than
2000 TL) and those whose income level is middle
(1200-2000 TL) (MD = 1.67, p = 0.00) and the
lowest (less than 1200 TL) (MD = 1.66, p = 0.00).

The findings regarding evaluation of the par-
ticipants’ approaches in terms of harvesting NWFPs
by private enterprises showed that the villagers
agreed moderately on this statement (M = 3.12). The
results of t-test revealed that there were also statis-
tically difference among the acceptance levels of
villagers in terms of state of enterprise that the vil-
lages locate (MD = 1.91, p = 0.00) and status of the
village (MD = 1.14, p = 0.00). The agreement of
this expression was higher in people who live in Sile
(M = 3.78) and nearby forest villages (M = 4.04)
(Table 2). Regarding the main source of income,
based on post hoc test, the difference is between
those having income from agriculture and forestry
(MD = 1.65, p = 0.00), livestock (MD = 1.28, p =
0.00). Itis also interesting to find out that the villag-
ers whose main income is forestry had the highest
acceptance level regarding the expression about
harvest of NWFPs by private enterprises (M =
3.45).

The participants’ approach about the expres-
sion regarding sale of NWFPs as stumpage was at
moderate level (M = 3.12). The results of t-test
showed that there were statistically important dif-
ferences regarding state of enterprise (MD =0.86, p
= 0.00) and status of the village (MD = 0.62, p =
0.03). The agreement of this expression was higher
in villagers who live in Sile (M = 3.41) than those
live in Catalca (M = 2.55). Also the agreement level

of the villagers who live nearby forest (M = 3.62)
was higher than those live in inforest villages (M =
2.99). Moreover, the results of the Tukey test
showed that there is a difference among the villag-
ers whose main source of income is agriculture and
forestry (MD = 1.25, p = 0.00). In this context the
villagers whose main source of income is forestry
agreed highly (M = 3.45) to the statement whereas
the agreement level of the participants whose in-
come depends on agriculture is low (M = 2.20).

Besides, the findings regarding evaluation of
the participants’ approaches in terms of taking per-
mission from forestry organization showed that the
villagers agreed highly on this statement (M = 3.81).
The results of t-test revealed that there were statisti-
cally difference among the acceptance levels of vil-
lagers in terms of state of enterprise (MD = 1.12, p
= 0.00). Tukey test also revealed that the main dif-
ference about permission taking from forestry or-
ganization is among those who have secondary
school graduation and high school graduation (MD
=0.91, p=0.04).

There were no differences among participants
in terms of the statement of “NWFPs’ economic
value will be greater than wood products in the fu-
ture”. Besides, any significant difference did not ex-
ist between the opinions according to age.

The effects of NWFPs-related process
and developments on forest villagers
and problems on marketing

Based on the results, the level of agreement on
5 statements were very high, while one of them was
moderate. The participants recognized that strength-
ening forestry organization and villager’s relations
(M = 2.77), improvement new harvesting tech-
niques (M = 2.70), improvement socio-economic
conditions of forest villagers (M = 2.66), producing
NWFPs cultivation (M = 2.64) and enlargement of
the areas allocated for harvesting (M = 2.66) have
improving effect on NWFPs harvesting (Table 3).
Besides, the participants thought that rearrangement
of legal issues regarding utilization rights doesn’t
affect the NWFPs harvesting process.

According to t-test results there was statisti-
cally significant difference between the forest vil-
lagers on the basis of the status of the village (p =
0.03, MD = 0.23) concerning the effect of improve-
ment of socio-economic conditions of villagers. The
agreement of this expression was higher in the vil-
lagers who live nearby forest than those who live in
inforest villages.
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Table 2

Assessment and comparison of attitudes of forest villagers on NWFPs harvesting-related issues

“I have adequate
knowledge and

“It is better to have

“It is better to have

“It is necessary to

“NWFPs’ economic take permission from

Features experience about NWFPS harvest_ed by NWFPs solc’i’ as  value will be greate’r’ forestry organizatio’n

harvesting NWFPs” private enterprises stumpage than wood products regalr’]dlng NWFPS

arvesting
State forest enterprise

Catalca 3.50 1.86 2.55 4.14 3.07
Sile 4.20 3.78 341 4.09 4.19

Sig.0.00— MD:0.70  Sig.0.00 - MD: 1.91 Sig.0.00 — MD: 0.86 Sig.0.00 — MD: 1.12

Status of the Village

Inforest 3.80 2.89 2.99 411 3.74
Nearby forest 4.62 4.04 3.62 4.12 4.08

Sig.0.00 — MD: 0.81 Sig.0.00 — MD: 1.14 Sig.0.03 — MD: 0.62

Period of living time in the village
Less than 20 years 2.33 4.33 3.33 3.00 3.33
20-40 years 4.15 3.00 3.24 4.06 3.73
More than 40 years 3.95 3.13 3.06 4.16 3.85
Sig.0.01 — F: 4.58
Level of education
Primary school 3.92 3.15 3.01 4.00 3.69
Secondary school 4.03 3.11 3.46 4.27 4.24
High school 4.06 3.06 2.89 4.33 3.33
University 3.67 3.00 2.67 3.33 4.00
Sig. 0.04 - F: 2.75
Age
20-40 411 3.23 3.32 4.16 3.84
41-60 3.93 3.04 2.93 4.10 3.85
Over 60 3.64 321 3.43 4.00 3.50
Income level (average monthly) (TL)

Less than 1.200 4.13 3.58 3.34 3.97 4.21
1200 - 2000 4.13 3.00 2.96 4.40 3.64
More than 2000 TL 2.46 2.54 3.38 3.62 3.62

Sig. 0.00 - F: 17.61

Main source of income
Forestry 4.16 3.45 3.45 4.15 3.81
Agriculture 3.80 1.80 2.20 4.07 3.13
Livestock 4.00 3.09 3.00 4.32 4.09
Trade 3.60 3.20 3.20 3.40 4.20
Civil servant 3.23 3.15 2.85 3.69 3.69
Sig. 0.005 - F: 3.954  Sig. 0.016 — F: 3.189

AVERAGE 3.96 3.12 3.12 411 3.81

Maw. unore. nayu. ciivce., 36 (2), 283-290 (2018)



288 H. T. Yildirim, S. Yurdakul Erol

Table 3
Assessment and comparison of attitudes of forest villagers on NWFPS — related process and developments
S = ©
Features S é% ég% égg gig i% é%c’
£28s $£3  2cE S22 5% 5SS 5
852 S5%:  SER s 3z Egé
5855 EZSS E8s ¢35 & 3 G5 S
State forest enterprise
Catalca 261 2.59 2.50 2.59 2.82 2.82
Sile 2.85 2.75 2.74 2.36 2.54 2.55
Status of the village
Inforest 2.76 2.69 2.61 248 2.65 2.69
Nearby forest 2.81 2.73 2.85 231 2.58 2.46
Sig.0.03 Sig.0.04
MD: 0.23 MD: 0.22
Period of living time in the village
Less than 20 years 2.67 2.33 2.67 2.67 2.33 2.67
20-40 years 2.85 2.82 2.61 2.52 2.79 2.70
More than 40 years 2.74 2.67 2.68 241 2.59 2.62
Level of education
Primary school 2.75 2.66 2.72 2.35 2.63 2.63
Secondary school 2.81 2.84 2.70 2.51 2.59 2.68
High school 2.78 2.61 2.39 2.67 2.67 2.61
University 2.67 2.33 2.33 2.33 3.00 2.67
Age
2040 2.89 2.80 2.70 2.30 2.75 2.57
41-60 2.70 2.63 2.63 2.51 2.55 2.63
Over 60 2.71 2.71 2.64 2.57 2.71 2.93
Income level (average monthly)
Less than 1.200 2.76 2.66 2.63 2.39 2.50 2.55
1200 — 2000 2.76 2.72 271 244 2.68 2.64
More than 2000 TL 2.85 2.69 2.46 2.62 2.77 2.92
Main source of income
Forestry 2.74 2.69 2.61 2.29 2.65 2.58
Agriculture 2.80 2.67 2.67 2.53 2.80 2.73
Livestock 2.88 2.76 2.76 2.56 2.62 2.71
Trade 2.60 2.40 2.60 3.00 2.00 2.60
Civil servant 2.62 2.69 2.62 2.54 2.69 2.69
Sig.0.03
MD: 0.26
AVERAGE 2.77 2.70 2.66 2.44 2.64 2.64
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Furthermore, the results of t-test revealed that
there were also statistically difference among the
agreement levels of villagers about enlargement of
the areas allocated for harvesting in terms of status
of the village that they live (MD = 0.22, p = 0.04).
The agreement of this expression was higher in peo-
ple who live in inforest villagers (M = 2.66) than
who live in nearby forest villages (M = 2.46) (Table
3).

In addition, the villagers mentioned that the
biggest problem regarding marketing of NWFPs is
about inadequacy on finding products (44%) and
underbid prices of harvested products (36.4%) re-
spectively (Table 4). The findings also showed that
there are not any important problems regarding le-
gal arrangement (10.85%) and taking permission
from forestry organization (2.33).

Table 4
Evaluation of problems on NWFPs
PROBLEMS CATALCA SILE Total
f % f % f %

Unable to find adequate products 22 50 36 4235 58 44.96
Quote low prices to the harvested products 10 22.73 37 4353 47  36.43
Having problems with forestry organization regarding permission 1 2.27 2 2.35 3 2.33
Lack of legal arrangements 6 13.64 8 9.42 14 10.85
Other 5 11.36 2 2.35 7 5.43
Total 44 100.0 85 100.0 129  100.0

CONCLUSION

NWFPs are important and essential compo-
nents of rural development in terms of rural econ-
omy in the context of legal utilization rights and
food security [15]. However, national political
background is insufficient about sustainable mana-
gement of NWFPs [16]. National policies gain im-
portance in terms of maintaining the essential aims
and tools in the country. Besides, making local scale
policies gains importance to focus on interactions
between social, economic and environmental as-
pects at local level. Also environmental and eco-
nomic potentials and obstacles of rural areas are de-
fined as the starting point of defining sustainable
strategies and development axis [17].

Parallel to this approach, the study was con-
ducted in the Catalca and Sile forest enterprises. The
participants thought that they have adequate
knowledge and experience, taking permission from
forestry organization is necessary and NWFPs will
gain economic value (more than wood products).
However, they were not sure about the need of em-
ployment of private enterprises in NWFPs’ harvest-
ing process and about sale of NWFPs as stumpage.
Also the participants recognized that strengthening
forestry organization and villager’s relations, im-

Maw. unore. nayu. ciivce., 36 (2), 283-290 (2018)

provement new harvesting techniques, improve-
ment socio-economic conditions of forest villagers,
producing NWFPs cultivation and enlargement of
the areas allocated for harvesting have improving
effect on NWFPs harvesting. Moreover, the partici-
pants thought that rearrangement of legal issues re-
garding utilization rights doesn’t affect the NWFPs
harvesting process. In addition, the villagers’ big-
gest problems regarding marketing of NWFPs were
about inadequacy on finding products and underbid
prices of harvested products.

In the light of these findings the prominent as-
pects are related with strengthening training activi-
ties on harvesting techniques and marketing of
NWFPs. Although the participant thought rearrang-
ing legal arrangement doesn’t have direct effect on
harvesting process, it directly affects utilization,
employment, marketing and pricing related issues.
In this context, the participants also mentioned that
they have problems regarding marketing of NWFPs
on finding products and underbid prices of har-
vested products. Thus, one of the critical issues is
related with the increasing the share of local people
from the total income of NWFPs’ sale. Also forest
villagers should be supported regarding creating
market, price determination and direct selling op-
portunities.
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In addition, active usage of public relations in-
struments in terms of increasing public awareness
about economic value of NWFPs, requirements
about sustainable management and ecosystem man-
agement is essential. At this point, improvement
mechanisms regarding participatory management
and cooperation between local people and forestry
organization have critical role to improve the effec-
tiveness of NWFPs to rural development.

Acknowledgement: This study was supported by Scien-
tific Research Projects Coordination Unit of Istanbul Univer-
sity. (Project No: N-18864)

REFERENCES

[1] Halpern, C. B., Spies, T.A.: Plant species diversity in nat-
ural and managed forests of the Pacific Northwest. Ecolog-
ical Applications, 5 (4), 913-934 (1995).

[2] Ok, K., Alagoz Ozalp, G., Atici, E., Coban, S., Senyurt,
M.: Siisleme Amagli Kullanilan Odun Dis1 Orman Uriinle-
rinin Surdurdlebilir Yonetimi. (Sustainable Management
of Non-Wood Forest Products Used for Ornamental Ob-
jectives). TUBITAK Project No: 1090264 (2014).

[3] Ekizoglu, A., Erddnmez, C.: Ormancilik Tarihi Ders Not-
lar1 (Forest History Lecture Note). (Unpublished) (2011).

[4] Erdénmez, C., Yurdakul Erol, S.: Historical development
of forest-community relations in Polonezkdy (Adampol).
Sylwan, 154 (5), 291-298 (2010).

[5] Abraham, E. M., Theodoropoulos, K., Eleftheriadou, E.,
Ragkos, A., Kyriazpoulos, A. P., Parissi, Z. M., Arabatzis,
G., Soutsas, K.: Non-wood forest products from the under-
story and implications for rural development: the case of a
broadleaf deciduous oak forest (Quercus frainetto Ten.) in
Chalkidiki, Greece. Journal of Environmental Protection
and Ecology, 16 (3), 1024-1032 (2015).

[6] Heubach, K., Wittig, R., Nuppenau, E. A., Hahn, K.: The
economic importance of non-timber forest products
(NTFPs) for livelihood maintenance of rural West African
communities: A case study from northern Benin. Ecologi-
cal Economics, 70, 1991-2001 (2011).

[7] Albers, H. J., Robinson, E. J. Z.: A review of the spatial
economics of non-timber forest product extraction:

Implications for policy. Ecological Economics, 92, 87-95
(2013).

[8] Hansda, R.: The Outlook for Non-Wood Forest Products
in Asia and the Pacific. Food and Agriculture Organization
of the United Nations.

http://www.fao.org/docrep/014/am613e/am613e00.pdf
[Ref. Time: 02.03.2018] (2009).

[9] Fu, Y., Chen, J., Guo, H., Chen, A,, Cui, J., Hu, H.: The
role of non-timber forest products during agroecosystem
shift in Xishuangbanna, Southwestern China, Forest Poli-
cy and Economics, 11, 18-25 (2009).

[10] Ozhatay, N., Koyuncu, M., Atay, S., Byfield, A.: Tiirkiye’-
nin Dogal Tibbi Bitkilerinin Ticareti Hakkinda Bir
Calisma (A Study on Trade of Turkey’s natural herbal
plants). DHKD, ISBN 975-96081, Istanbul, 1997.

[11] GDF (General Directorate of Forestry): Tiirkiye nin
Bitkisel Odun Dis1 Orman Uriileri, Uretimi, Satist ve So-
runlari. (Turkey’s plant nonwood forest products produc-
tion, Selling and Problems).

http://ormuh.org.tr/arsiv/files/Odun%20Disi%20Bitkisel
%20Urunler.pdf [02.03.2013] (2011).

[12] Sakarya, S., Canli, S.: Odun Dis1 Orman Uriinleri (Orman
Tali Uriinleri) Sektdr Raporu (Sector’s Report of Non-
wood Forest Products). Orta Anadolu Aga¢ Mamulleri ve
Orman Uriinleri Thracatgilar Birligi (OAIB). (The Central
Anatolian Exporters Association) (CAEA), 16 p., 2011.

[13] Chukwuone, N. A., Okeke, C. A.: Can Non-Wood Forest
Products Be Used in Promoting Household Food Security?
Evidence from Savannah and Rain Forest Regions of
Southern Nigeria. Forest Policy and Economics, 25: 1-9
(2012).

[14] Stryamets, N.: Non-wood forest products for livelihoods.
BOSQUE, 33 (3), 329-332 (2012).

[15] Yurdakul Erol, S., Yildirim, H. T.: A qualitative and quan-
titative analysis of Turkish forest policy documents in the
rural development aspects. Ciencia Rural, 47 (6), 1-9
(2007).

[16] Toksoy, D., Bayramoglu, M.: Kirsal Kalkinma ve Orman
Koyleri (Rural Development and Forest Villages). Kara-
deniz Technical University Pub. No: 244, 2017, 232 p.

[17] Anti¢, M., Santi¢, D., Kasanin-Grubin, M., Mali¢, A.: Sus-
tainable rural development in Serbia — Relationship betwe-
en population dynamics and environment. Journal of En-
vironmental Protection and Ecology, 18 (1), 323-331
(2017).

Mech. Ing. Sci. J., 36 (2), 283-290 (2018)


http://www.fao.org/docrep/014/am613e/am613e00.pdf
http://www.fao.org/docrep/014/am613e/am613e00.pdf
http://www.fao.org/docrep/014/am613e/am613e00.pdf
http://ormuh.org.tr/arsiv/files/Odun%20Disi%20Bitkisel%20%20Urunler.pdf
http://ormuh.org.tr/arsiv/files/Odun%20Disi%20Bitkisel%20%20Urunler.pdf
http://ormuh.org.tr/arsiv/files/Odun%20Disi%20Bitkisel%20%20Urunler.pdf
http://ormuh.org.tr/arsiv/files/Odun%20Disi%20Bitkisel%20%20Urunler.pdf

Mechanical Engineering — Scientific Journal, Vol. 36, No. 2, pp. 291-296 (2018)

Number of article: 612 ISSN 1857-5293
CODEN: MINSC5 e-ISSN 1857-9191
Received: March 30, 2018 UDC: 551.583:338.439.6 (560)

Accepted: April 30, 2018
Original scientific paper

THE EFFECT OF CLIMATE CHANGE ON FOOD SUPPLY OF TURKEY

I. Dellal, F. I. Unuvara

Department of Agricultural Economics, Faculty of Agriculture, Ankara University,
06110 Diskapi, Ankara, Turkey
unuvar@ankara.edu.tr

Abstract: The aim of this study is to determine the effect of climate change on food supply in Turkey. To
achieve this aim, the main agricultural products of Turkey were selected as wheat, barley, rye, oats, sugar beet, rice,
dried beans, red lentils, green lentils, chickpeas, milk as to area sown, production quantity, economic importance and
available data. The data of this study (production, consumption, import, export and price) were collected between 2000
and 2016 periods from Turkish Statistics Institute. In calculating the effect of climate change on yields it was taken as
the base year of 2014. The temperature and precipitation projections was taken from General Directorate of
Meteorology (MGM) for 2020-2050-2080 years. Analysis and evaluations were made at the regional and national
levels and the ‘Level 1’ regional system of the Turkish Statistics Institute (12 sub-regions) was used as the regional
level. The effect of climate change on yields was calculated using the Penman-Monteith and Blaney-Criddle formulas.
According to research finding, it was estimated that product yields would be decrease in the average 2—7% in 2020, 4—
12% in 2050, 5-20% in 2080. The yield and production decreases would make a serious threat with increase of
population and per capita income with the climate change on food security of Turkey.

Key words: climate change; yield; food supply; agriculture

BJIMJAHUE HA KIIMMATCKHUTE IPOMEHMU BP3 CHABAYBAIBETO CO XPAHA BO TYPIIUJA

AmncTtpaxkT: llenTa Ha 0Baa cTyauja € Aa ce OAPEN BIMjaHUETO HA KIMMATCKHUTE IIPOMEHH BP3 CHA0yBamEeTO
co xpana Bo Typuuja. 3a 1a ce MOCTUTHE OBaa 11el, Oea n30paHu TIIaBHU 3eMjOICIICKU MPON3BoIU o1 Typuuja: mieHu-
I1a, jauMeH, piK, OBec, IeKepHa perka, OpH3, CyIIeH rpas, PBEHA Jieka, 3elIeHa Jieka, HayT, MJIEKO, CIIOPE/l IIOTEKIIOTO,
MIPOM3BE/ICHN KOJIMINHH, eKOHOMCKO 3Hauerhe U AOCTarmHy nogaTtony. Ilomaronure ox oBaa cryauja (IIpOM3BOJICTBO,
MOTPOLIYBaYKa, yBO3, U3B0O3 M IieHa) Oea cobpanu Bo nepnogoT 2000-2016 ox TypckMOT MHCTHTYT 3a CTATUCTHKA.
[Ipu mpecMeTyBameTo Ha epeKTOT 0/ KIMMATCKUTE MPOMEHH Bp3 MPUHOCUTE, Kako 0a3Ha Oeie 3emena 2014 roquHa.
[IpoekuuuTe 3a TEMIepaTypaTa i BpHeXHUTEe Oea rmpe3eMeHr o] [ eHepaTHHOT JUpeKTopaT 3a Meteoposorja (MI'M)
3a 2020-2050-2080 roauHu. AHanu3aTa W OIEHUTE Oca HANpPAaBCHW HA PETHOHATHO W HAIMOHAIHO HHBO, a
pernonamanoT cucteM "Huo 1" Ha TypckwoT HHCTHTYT 3a cratuctuka (12 moapernonHu) Oemie 3eMeH Kako
perroHanHo HUBO. EQexToT Ha KIIMMATCKUTE IPOMEHH BP3 IIPHHOCHTE Oellle MpecMeTaH CO MOMOII Ha ()OPMYIUTE Ha
[Nerman-Monrejr n brnanu-Kpajan. Crnopex Haomute o MCTpakyBamaTa, ce MPOIEHYBa Jieka MPUHOCUTE Ke ce
HaMaJar Bo Impocek 3a 2 10 7% Bo 2020 roauHa, 4 1o 12% Bo 2050 roauHa, 5 1o 20% Bo 2080 roanHa. HamanyBamero
Ha TIPUHOCHUTE U MTPOU3BOJICTBOTO MOPAN KIMMATCKUTE TPOMEHH 3a€/IHO CO MOPACTOT Ha HACEICHUETO MOJXKe Jia Ouse
cepro3Ha 3aKaHa 3a MPUXOJI0T IO IJIaBa Ha JKUTEN 1 3a 00e30e1yBambeTo Xpana Bo Typruja.

Kiyunu 360poBH: KIMMaTCKH MPOMEHH; MPUHOC; CHAOAyBakbe CO XpaHa; 3eMjO/IeJICTBO

AIMS AND BACKGROUND Change (IPCC), temperature is expected to rise

from 2.4°C to 4°C in the next century [1]. The same

Climate change is one of the biggest environ- reports stated that the Mediterranean Basin includ-
mental problems of our time. According to the re- ing Turkey will be one of the most effected region

ports of the Intergovernmental Panel of Climate of the world in the next century and there will be
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more severe heat waves, increased temperature, re-
duced precipitation, decreased soil moisture, rise of
sea levels. It is reported that temperature increases
and changes in precipitation regime in semi-arid and
arid regions in the Mediterranean region will be
more frequent, extreme weather events such as
floods and droughts will be more intense and fre-
quent [1, 2].

There are 24 million hectares of agricultural
land in Turkey and approximately 20% of them is
irrigated. In other words, 80% of agricultural land is
depending to rainfall. On the other hand, although
only 20% of agricultural land irrigated, more than
70% of total water resources used for agricultural
irrigation in Turkey.

One of the disasters caused by climate change
is drought. Turkey in which located in semi-arid re-
gion is under drought risk, and experiencing more
severe dry years. In the drought years, food supply
can be threatened by decreasing agricultural pro-
duction as quantity and quality, and those trigger in-
creasing food prices, especially low income groups
becoming harder to access food, malnutrition, hun-
ger and deaths. The effect of the drought continues
in the following years. Because of lack of capital,
farmers tend to withdraw from the production
and/or use lower input including fertilizer. Thus, in
the post-drought period agricultural production
level is also effected.

There are many studies on regional, national
and global scale on the impact of climate change on
agriculture. In these studies it is estimated that cli-
mate change will affect agriculture negatively [3—
10]. It is estimated that climate change will reduce
the yield, production and increase prices in agricul-
ture.

In the study by Rosenzweig and Iglesias
(2006), it was estimated yield changes of some ag-
ricultural products in some countries. In this study,
the estimates for Turkey, the impacts of climate
change in the yields of grain and oilseed crops for
the year 2080 would result in a 12% reduction on
yield [11]. Another study conducted Turkey related
to impacts of climate change on agriculture found
that yields of selected crops which were wheat, bar-
ley, corn, sunflower and cotton, were estimated de-
crease for 2050. Due to the decrease in production,
the amount of production will decrease, the produc-
tion pattern will change according to the regions, the
exports in wheat and sunflower will decrease, the
imports in corn and cotton will increase [12]. In this
paper, the study which was done by Dellal et al.
(2011) [12, 13] has been expanded and updated.

EXPERIMENTAL

In this paper, the study done by Dellal et al.
(2011) [12, 13] was updated and expanded. Accord-
ing to the amount of production and economic im-
portance rye, oats, sugar beet, rice, beans, red len-
tils, green lentils, chickpeas were added to the prior
study covered crops including wheat, barley, sun-
flower, corn, cotton. The base year of the updated
model was considered as 2014 year, and the time
series data of 2000—2016 period was used. The anal-
ysis was done by regional and national level. As re-
gional level it was used as Turkish Statistics Insti-
tute (TURKSTAT) Level 1 regional system [14].

The biophysical effect of climate change is
measured using the Penman-Monteith and Blaney-
Criddle formulas. In these formulas, evapotranspi-
ration (ET) is calculated. Evapotranspiration is the
total amount of water given to the atmosphere
through evaporation from the soil surface and tran-
spiration from the plant leaves. These formulas are
generally used in irrigation water calculation studies
[15-18] and in crop yield calculations according to
climatic conditions [19-23].

To determine the climate change effect on
yields of selected crops is made by Penman-Mon-
teith formula. For this, the results of the project on
Plant Water Consumption conducted by the General
Directorate of State Hydraulic Works (DSI) and
General Directorate of Agricultural Research and
Policies (TAGEM) were used. The evapotranspira-
tion values found thereafter were calculated using
the Blaney Criddle formula [19] as

1-Ya/Ym=k (1 Eta/Ety).

In the formula, Ya: yield (kg/ha), Ym maximum
yield (kg/ha), ky yield efficiency factor, Eta evapo-
transpiration (mm) and Et, maximum evapotranspi-
ration (mm). Potential evaportranspiration (ET,) is
Et, = Kc.ETo. K¢ is plant coefficient and Et, is Pen-
man-Monteith method. Ky was selected from a table
for climate characteristics of the region prepared by
FAO [20].

After calculating yields and evapotranspiration
for the base year, yields changes as to climate chan-
ge was calculated for the years 2020-2050-2080.
Thus, the climate change effects on crop yields has
been found.

The projections for temperature and precipita-
tion for in Turkey were obtained from the General
Directorate of Meteorology. The temperature and
precipitation projections in regional level and time
periods are shown in the Figures 1 and 2.
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Table 1
The yield changes of climate change for selected products in 2020 (%)
Wheat-Barley — Dried beans — . Milk

REGIONS Rye_Oat Corn Chickpeas — Lentils Sunflower Sugar beet Rice Cotton production
Northeast Anatolia —4 7 —4 -3 -5 -7 -2 —4
Middle East Anatolia -3 7 -4 -4 -5 7 -2 -5
Southeastern Anatolia -5 -6 -3 -3 -5 7 -2 -5
Istanbul -3 -6 -2 -2 —4 7 - —4
West Marmara -6 -6 -2 -2 -5 -8 - -3
Aegean -4 -5 -2 -2 -4 -8 - -4
East Marmara —7 —7 -3 -3 -3 - - -4
West Anatolia -8 -8 —4 —4 -5 - - -4
Mediterranean -3 -9 -2 -3 -5 - - —4
Middle Anatolia —6 -9 -5 -5 —4 - - —4
West Black Sea —4 -8 -2 -2 -5 - - —4
East Black Sea -6 -8 -2 -3 -5 - - -4
Turkey -5 -7 -3 -3 -5 -7 -2 -4

It was estimated that crop yields will decrease in all regions of Turkey in 2020 due to the decrease in temperature and precipitation.
The decreases were following: for wheat, barley, rye, oat as 5%, for corn as 7%, for sunflower as 3%, for pulses (dry beans, chickpeas,
green and red lentils) as 3%, for rice as 7 %, for sugar beet as 5%, for cotton as 2% and for milk production as 4 %.

Table 2
The yield changes of climate change for selected products in 2050 (%)

Wheat—Barley Dried beans — . Milk
REGIONS _ Rye Oat Corn Chickpeas — Lentils Sunflower Sugar beet Rice Cotton production
Northeast Anatolia -9 -15 -7 -7 -10 -13 -3 -13
Middle East Anatolia -8 -15 -7 -7 -10 -12 -3 -15
Southeastern Anatolia -7 -12 -8 -8 -10 -11 -3 -14
Istanbul -6 -12 -6 -6 -9 -13 - -13
West Marmara -8 -11 -6 -6 -10 -13 - -10
Aegean -9 -8 -7 -7 -9 -13 - -10
East Marmara -9 -10 -6 -6 -8 - - -11
West Anatolia -12 -12 -7 -7 -10 - - -11
Mediterranean -9 -13 -7 -7 -10 - - -11
Middle Anatolia -10 -15 -9 -9 -8 - - -12
West Black Sea -6 -10 -7 -7 -10 - - -13
East Black Sea -7 -13 -7 -7 -10 - - -13
Turkey -8 -12 -7 —7 -10 -13 -3 -12

It was estimated that crop yields will decrease in 2050 as following: for wheat, barley, rye, oat as 8 %, for corn as 12 %, for sunflower
as 7 %, for pulses (dry beans, chickpeas, green and red lentils) as 7 %, for rice as 13 %, for sugar beet as 10%, for cotton as 3% and
for milk production as 12%.

Table 3
The yield changes of climate change for selected products in 2080 (%)

Wheat-Barley— Dried beans - . Milk
REGIONS Rye-Oat Corn Chickpeas-Lentils Sunflower Sugar beet Rice Cotton production
Northeast Anatolia -15 -20 -12 -11 -16 -20 -5 -22
Middle East Anatolia =17 -18 -12 -12 -16 -18 -5 -25
Southeastern Anatolia -18 -18 -13 -13 -16 -20 -5 -23
Istanbul -12 -15 -11 -11 =15 -20 — -21
West Marmara -14 -14 -11 -11 -16 -20 - -16
Aegean -12 -10 -11 -11 -15 -20 - =17
East Marmara -13 -13 -12 -12 -15 - - -19
West Anatolia -16 -16 -13 -13 -16 - - -18
Mediterranean -13 -16 -11 -11 -16 - - -19
Middle Anatolia -16 -20 -14 -14 -16 - - -19
West Black Sea -10 -13 -11 -11 -16 - - -22
East Black Sea -10 -15 -11 -11 -16 - - -22
Turkey -14 -16 -12 -12 -16 -20 -5 -20

It was estimated that crop yields will decrease in 2080 as following: for wheat, barley, rye, oat as 14 %, for corn as 15%, for sunflower
as 12 %, for pulses (dry beans, chickpeas, green and red lentils) as 12%, for rice as 20%, for sugar beet as 16%, for cotton as 5% and
for milk production as 20%.
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Fig. 3. The impact of climate change on prices in Turkey (%)

RESULTS AND DISCUSSION

The yield changes of crops were calculated for
each region by the biophysiological model as to the
basic parameters for plant growth periods. Accord-
ing to research results it was estimated to be a de-
crease in the selected products in all regions in Tur-
key.

These decreasess were predicted to be mostly
in the production of milk, rice, sugar beet and corn.
These findings are consistent with previous studies.
The study made estimates as 12% reduction in the
yield in 2080 for cereals and oil seeds [11].

As the decreases crop yields, the prices are
estimated to increase. It is estimated that price incre-
ases will be 5%: in wheat, barley, rye, oat 6%, corn
10%, sunflower 3%, legumes (dry beans, chickpeas,
green and red lentils) 5%, rice 6%, sugar and sugar
beet 4% of 2020.

In 2050, the price increases were 10% in
wheat, barley, rye, oat, 13% in corn, 6% in sun-
flower, 9% in legumes (dried beans, chickpeas,
green and red lentils).

As of 2080, price increases were 15%: in
wheat, barley, rye, oat 22%, corn 25%, sunflower
10%, legumes (dry beans, chickpeas, green and red
lentils) 15%, rice 18%, sugar beet 18%.

It is estimated that the decrease in production
and the increase in food prices will be a serious
threat in accessing food for especially low and mid-
dle income groups.

Maw. unoe. nayu. cnuc., 36 (2), 291-296 (2018)

On the other hand, the economic losses of cli-
mate change were estimated as $1.1 billion in 2020,
$2.3 billion in 2050 and $3.8 billion in 2080. Re-
lated estimates were done in a study in Peru as 2,300
$ loss per hectare [10].

CONCLUSIONS

As a result of climate change by causing a de-
crease in the crop yields in Turkey, it is estimated to
decrease production and increase prices. The de-
crease in production is estimated in the average in
national level as 2—7% for 2020, 4-12% for 2050
and 5-20% for 2080. Crop prices are expected to
increase by 0—6% for the year 2020, by 2-13% for
the year 2050 and by 10-25% for the year 2080. The
economic losses of climate change were calculated
as $1.1 billion in 2020, $2.3 billion in 2050 and $3.8
billion in 2080.

When the results of this study are assessed, to
decrease the negative effects and to adapt climate
change:

+ An inventory of local and regional cultivated
crops and their varieties and their ability to
adaption capability to climate change should be
undertaken.

* An inventory should be drawn on how the
farmers' practices in agricultural adaptation to
climate change.
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* Regional and more detailed studies should be
supported.

» Work on other ways to compensate the negative
effects in overhead (such as loss and waste re-
duction) should be increased.
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