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Plenary lectures :

IMPACT OF METALLU RGICAL PLANTS ON ENVIRONMENT AND
MEASUREMENT OF PROTE CTION

Gef ket Muoslteatfial ,INnasmroevti (I, mamovi I
Faculty of Mechanical Engineering University of ZeniBasnia and Herzegovina

Abstract: For a long time, urban areas have been places of hilifeaand development
centers. They may be endangered due to pollution of air, water and land.

In the recent years, air pollution reaches such proportions that require a special attention in
terms of taking technical, technological, financial and econoadayinistrative and legal
measures to protect the air. The basic and most common sources of air pollution are:
industrial plants (technological processes), transport, energy (power plants and heating
plants), and local boilers and furnaces in households.

Water pollution is increasing. Different measures for rational use of water, reducing the
amount of pollution and waste water, and protection of water resources are constantly being
undertaken. The basic and most common sources of water pollution aréxiahgents and
facilities, transportation, agriculture, towns and settlements.

In addition, the environment is polluted by production and inadequate waste management and
noise production.

Industrial plants, especially metallurgical, due to the natureeafnological processes and

high emissions of harmful substances, cause multiple environmental consequences also to the
environment, threatening the quality of the environment and the health of the population in
industrial and urban areas, especially drthare not available measures to control and reduce
emissions.

This paper presents the results of monitoring of emissions from metallurgical plants and
combustion plants and their impact on air quality and water in industbah area of Zenica.

The resllts presented in this paper can serve as a roadmap for measures to prevent / reduce
and control emissions, improving the living conditions of the population and the sustainable
management of environmental protection in industrial and urban areas of.Zenica

Keywords: emission sources, emission of harmful substances, environment, air pollution,
water pollution, environmental quality.

1.INTRODUCTION

At the beginning of the third millennium, the air quality in urban areas in Europépdue
growing industralization, receives a special attention. In industrisdnd urban areaghe
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problem of airand waterpollution is much hgher, especially in areas witteveloped base
industries such as ironworks [1].

The pesent emissions of harmful substances hdlke mudtiple environmental
conequences, threaten the environment quality and the health of the inhabitants of industrial
and urban areas, especially if the effective available measures are not undertake in order to
control and limit emissions and negative imggamn the environment [2,3].

Research and monitoring the environmental quality in urban and industrial areas is one of
the first steps towards a solution, in most countries of the world, present problems of
environmental pollution [4]The study and monitong the environmental quality ainto
control and reduce the harmful substarj@és

In regard to monitoringir quality, a special attention was givendolfur dioxide (SQ),
total suspended patrticles (TSPgrticulate matter®M10, nitrogen oxides (NQxand other
pollutants. Sulfur dioxide is a traditional air pollutant and moimitpits concentration is o&
particular interest to charactee the air quality as it stateke World Health Organization
(WHO, 2000). It originates predominantly from thexidation of sulfur compounds.
Measuremenof particlesmatter PM10 (d <10 microns), SNOx and other pollutants in the
air of Zenica basin has beenninuously implemented for manyearsby using the automatic
monitoring stations [5].

Industrial and termalpower plants havenany optiongoday to harmonize thgroduction
with more stringent requirementsrfpreservation of environmenquality. In this way they
can respond effectively tdhe challenges of the strictequirementsfor sustainable
developnent. Thereforemany kaders in the steel industry, andther sectorsstart toadapt
their procedures to redueeissions into environmeand impacts on the environment, dad
improve their business image. They launched voluntary projects to rechissians and
protect the environmenthe kest available techniques and at@signare effective toos for
achieving this goal.

Zenica steel plant is on the tratk realizethis goal, which is defined in the plan of
adjustment. The implementation of prcig defined in this planhasalready achieved high
results regardingeduction of emissions of dumto the air and water, reduction of waste
generatingand noise, etc. The goal is to harmonize this steel plant tw&hEuropean
environmental standardand BAT by 2015, which isa very ambitious goalgiven the
inherited poor environmental practices and the lack of effective measures for environment
protection

This paper presgs the results of monitoringmissions from metallurgical and thermal
power pants and as well, their impact aquality of air and water in industrialirban area of
Zenica. Also, the paper presents the results of the implementation of the adaptation plan in
relation to limit and contrabf emissionsnto the air and water and eneirment protection.

2. EMISSION OF HARMFUL SUBSTANCES INTO THE AIR FROM
METALLURGICAL PLANTS

The following table presents daia annual emissions of dust, S&nhd VOC.
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Table 1. Emissions of dust, S@ad VOC

Parameters 1985. | 1988. | 1990. | 2008. | 2009. | 201Q | 2011. | 2012.
Steel production (/d 1.896.266 1.906.000 1.090.000 607889 | 517286| 610518 | 669320 | 678240
Ef/‘;";" consumption | 447 04 | 399.845 | 465.000| 95473 | 170616 | 171328 | 151187 | 168234
(EU”;;SSiO” of S@ 74.000 | 72.202 | 60.752 | 21100 | 20640 | 23450 | 24615 | 25390
(EU”J;SS‘O” ofdust | 20206 | 12.200 | 6532 | 2955 | 2890 | 3282 | 3360 | 3385
;’lj’l')ztt';gég‘;‘;"c 4638 | 4534 | 3078 | 1406 | 1375 | 1564 | 1640 | 1610

An oveniew of the resultof measurements of dust and S€@m primary metallurgical
plants and idustrial power plants is given in the following diagrams.

Dust emission othe coke plants more than three timdsghe than the threshold limit
value of 50 mg/m?, dueto the worroutwalling of the coke furnace. However, dust emission
from agglomeration is a little bit biggé¢inan the thresholtimit value, andemission fronthe
steelworks and blast furnacedidittle bit below the limit value of 50 mgfn

Emission of S@ from agglomeration, steelworkand blast furnaces is lower than the

thrersngold value, aneémission fromthe coke planis slightly higherthan the limit value of 500
mg/nt.
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Figure 5. Emission of dust from blast Figure 6. Emission ofSO, from blast
furnace furnace
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Figure 7. Emission of dust from BOF Figure 8. Emission of Sgrom BOF
Steelvorks Steelworks

3. EMISSION OF HARMFUL SUBSTANCES INTO THE AIR FROM THERMAL
POWER PLANTS

The following table presents dava the emission of dust ar8D, from industrial power
plant,where coal is burned and technologigas (gas from blast furnace and cgias).Dust
emission is higher than thkreshold limit value of 50 mg/findue to he burning of coal and
the effectivenessdegree of installed electriseparata which allow fine particlesto go
through. The emission GG, is below the threshold limit valuir the incineation of coal,
which is 2000 mg/rf) butit is higher than the limit valufor the combustion of technological
gases, which is 800 mg’niThis emissiorwould be much highef only coalwas burnt asit
was usedo be donen the pastwhenthere were burnt approximately 350,000dfgoal with
a sulfur content of approximately 3.5%nplementation of lie projecton combired fuel
combustion (coal and technological gas) was daonarder to reduce emissions of Sé&nd
dust.
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Figure 9. Emission of dust from industric Figure 10. Emission of S@rom industrial
power plant power plant

Emissioninto the air from thdocal boiler plants within theindustriaturbanarea of
Zenica, where coal has been dominantly burnt in the total quantity of app. 7156 t/g, amounts

- Emission ofSG; in the localcoal boiler plants: 11749782 mg/ni or a total of 38.5 t/g
- Emission of NQin the local coal boiler plants: 12689 mg/ni or a total of 22.4 t/g
- Emission of CO in the local coal boiler plani®- 5575 mg/ni or a total of 8.1 t/g.

Although emissionfrom the boilerplantsis relatively low and much lowethan the
emissionfrom industrial power plants and other industrial sources, it significantly affects the
value ofair quality regardinglust, SQ, NO, and COin the industrialurban area of Zenica
due to low source (chimney¥ and oographic conditions (dedpasir). This has been proven
by using the intendetheasuremestand by applyingspecific software modsl(Aermod and
Selma Gi}.

4. AIR QUALITY CONDITIO N IN INDUSTRIAL -URBAN AREA OF ZENICA

Survey of results of air pollution measments from monitoring stations in the industrial
urban area of Zenica is given in the following table.
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Table2. Average values of air pollution in Zenica in the period 202&12.

Pollutant Indicator, Mejr?i‘t‘s””g 2006. | 2007. | 2008. | 2009. | 2010. | 2011 | 2012. |Standard

Sulfur Average 73 102 98 121 | 104 | 139 144 50

dioxide c-98 Saqfm 280 | 389 | 453 | 312 | 323 | 419 | 376 | 125

(SO Cmax 9 399 | 759 | 707 | 527 | 441 | 560 | 503

Total partuculal AVErAGE | 77 75 89 90 97 123 125 | 150

mattef(TPM) c-98 GgPm| 301 | 278 | 329 | 287 | 330 | 397 | 390 | 350
Cmax 406 | 526 | 618 | 520 | 605 | 653 | 751

Leadin TPM |Average| Og?Z m| 032 | 034 | 017 | 0,14 | 0,10 | 011 | 0,18 2

(T:‘F",‘ﬁ/lm'”m N lAverage | ng/m3 70 | 174 | 121 | 86 1,6 5,1 5,2 40

Precipitated |\ orage | mginf.day| 179 | 162 | 199 | 223 | 319 | 355 | 245 | 200

powder

Lead in Average | mg/inf.day | 0,084 | 0,05 | 0,062 | 0,072 | 0,07 | 0075 | 0,111 | 0,1

Precp.powder

Cadmium in

Precipitated Average | mg/nf.day | 0,0012| 0,005 | 0,0017 | 0,0023 | 0,0007 | 0,0014 | 0,0022| 0,002

powder

ﬁl)”v‘v:(;grprec'p Average | mg/nt.day| - - | 0236 | 040 | 0438 | 0418 | 0417 | 04

Steelworks in Zenica 2006. | 2007. | 2008. | 2009. | 2010. | 2011. | 2012.

Coke poduction MT } ~ | 240092] 253578] 367365| 438230

Production of agglomerat MT - - 335262| 668166| 850640| 949265

Production of iron MT - - 242655| 482269| 620935| 684734

Production of stel MT ; — | 228252| 517286| 610518 669320| 678240

Production of steel iEAF|  MT | 480035 553289| 379637| - - - -

Production of coke gas GJ ; ~ 1784299 2100944 2135710 3649915

Production VP gas GJ ; ~ 1729904 275852¢ 3639065 4312011

Energy coal T 00192 | 95013 | 95473 | 170616| 171328] 151187 168234

From the data presented in Table 1, it can be seen that the concentration of measured
pollutants in the air has a trend of slight increase, which is a result of burning coal with the
increased sulfur content and gith of metallurgical production, and as well, the insufficient
implementation of measures for controlling and limiting emissions, and also, unfavorable
topographic conditions of the area [4,5]. The average concentration,a$ &@her than air
quality sandards recommend. Also, the average values of precipitated dust and heavy metals
in the precipitation powder have been in the lagt $ears higher than the air quality
standards. Total Particule Mater (TPM) and Pb and Cd in TPM are lower than air quality
standards, but they have a trend of slight increase. Air quality would probably have been
significantly worsened, if many projects for reduction of emissions and air protection were
not implemented.

Daily concentration of SOvaries depending on the seas and it is at highest in the
winter due to the combustion of coal with high sulfur content, used as a mean of heating
(Figure 11). Daily concentration of $0n the winter season exceeds the threshold
concentration warning of 58D g £ and is severalties higher than it.

6
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Figure 11. Daily concentration of SO2 in 2012

Total Suspended ParticléESP) havea similar dynamics during & annual seasons and
the highestoncentration of TSP occuduring the winter seasdfigurel?).
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Due to the growing consumption of coal with higher sulfur content and scope of
metallurgicd production, there is &rend ofgrowth ofaverage annual concentration of SO
(Figure 13)and total suspended partici@sgure 14) in the ground layeof the atmosphere.

Koncentracija SO, u Zenici
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Figure 13. Annual average amounts of concentration gff@Qhe period 20061 2012

Ukupne lebdece cestice u Zenici
Godisnji prosjeci

200

180
Stara norma GVZd=150 pg/m?

160

140 /r—’—"
120

E
2 _,/n/
— ...

= 100
9 Lo vy o —
5 80 | . b

60 0""'}.-4’ Mova norma GVZd=90 pg/m?

40

20

U T T T T T T
2006 2007 2008 2009 2010 2011 2012
Period: 2006-2012.god
| —— INSTITUT —m—TETOVD |

Figure 14 Annual averages of concentrationT@Pfor the period2006-2012.
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Reasons for air pollution in industratban areaf Zenica are following [6,7]:

- Integrated metallurgical manufacturing is done in the same velleyre he city of
Zenicais placed

- Raw materials and fuel are inadequate becaudegtf sulfur content,

- Many harmful substanceare present in the raw materials aaditted into the
atmosphere (egead, cadmium)

- Modern technologieare slowly introducethstead of old technological procedures,

- Instalation of devices fotreatmentof wastegases is slow(for control and limiations
of emissions),

- There are dverse weather conditions in thanter when during the days of stable
atmospheric temperature grgionsoccur episodes of high air pollution,

- There are tyh emissions ofSQO,, dust with a high content of heavy metals (lead,
cadmium, zinc), hazardous volatile organic compounds and other pollutants (hydrogen
sulfide, fluoride, etq,

- There are dverseorographic conditions (deep basin), etc.

In the winter, episodes of high air pollutiooccuras aconsequencef present emissions,
increased burning of coal with a high sulfur content, unfavorable orographic conditions (deep
valley) and steady state die atmosphere with a temperature inversion T8l inversion
layer hindergdrevents the dispersion of pollutants in the upper layers of the atmqsgeie
causesthe accumulation of pollahts in the groundayer of the atmosphere and the
occurrenceof episodes of high air pollution. Some episodes last faeva days until the
weather situationchanges andhe inversion layebreaks Implementation of emergency
measures for reducing emissions in industritdnfs (high emission sources) gave no
significant resultsOn the basis ofarious studie# was concluded the lo\@mission sources
dominanly influencethe accumulation and high concentration of pollutants in the air.

5. MEASURES FOR CONTROL AND LIMIT ATION OF EMISSIONS INTO THE
AIR

In order toreduceemissiongnto the airandto adaptthe work of metallurgical and other
industrial plants tothe strict environmental standards and legislation on environmental
protection several major projecisere realized

- Someold metallurgical plargt were ton down (4 coke batterie8 SM furnaces, 3 blast
furnaces, electric furnace, eic.

- Reconstuction of four electric separatoos the thermal plant and 8 electgeparats
of the agglomerate machine was done

- Automatization ofsystems for management purification of waste gases (electric
separata) in the agglomeratiowas done

- Scrubberson thetransportsystens of agglomeratiorwerereplaced with more efficient
bag filters,
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A system for purification of waste gases on the platform of the blasaderwas

installed,

- A bag filter on the mixers was installed,

- A system for dustfree induction of coal into coke furnaces and coke extrusion was
installed,

- There were installethe devices for sealingehfront doorinlet to thecolumns of coke
plant

- Systems for purification of waste gases in BOF steelwas® repaired

- Quality maintenance and control of technical systems for purification of waste gases
was undertaken

- Substitution of coal with gas fuels in the thermal plant to reduce emissions, @80
dustwas done

- Measuring devices for automatic monitoring of emissions of dust,a8® NOx were

installed at five primary metallurgical plants and an industrial power plant etc.

Implementation of the aboveaentioned projectsignificantly reducedhe dust emission,
which isnow, in most plantdpwer than the emission standards, whegatly contributed and
decreased the loading tfe atmospheric air and impral¢heair quality in industrialurban
area of Zenicq 9]

6. RELEASE OF INDUSTRIAL WASTE WATER AND IMPACT ON WATER
RESOURCES

All facilities and plants in the industrial zone atearacterized by the use of industrial
water (boilerplantwater, wet dusting and cleaning gases, coolingf aggregates, slaghd
ash transport, washing, etdakenfrom the river Bosna on a water collector.eTimaximum
amount of thetaken industrial wateris in the closed (recirculatingsystems, which are
refilled. A large amount of waste wateomes fromthe industial zone, which variesn
quantity and qudl, depending on the nature of the technological processes, production
volume and the implementation of measures for water management.

Industrial wastevaters are discharged at three outlets irritrer Bosna, togethewith the
mine and urban wasteater

A certain purification of industrial wastewater is done in industrial plantand urban
waste water is dischged into the main industiral collector with pgor purification.

Monitoring industrial waste water is done according to the prescribedigiehdresub of
testing thevaste wateguality are shown in the following table.

10
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Tabel 3. Results of monitoring of industrial waste water
- Main Rolling Perimetra) Business| Coal City of
Parameters Limit Mill Unit - ) .
Collector Canal [zone Zenicg Mine Zenica
Collector
Flow Average (r/dan) - 27321 16653 18967 2885 3978 7274
Temperature’C) 30 24 23 23 17 21 20
Total suspended solids (mg/l 35 413 850 51 65 50 280
Turbidity - 127 234 57,5 43,2 19,9 89,1
pH value 6,59,0 8,3 8,1 8,5 8,2 7.8 7.8
Elecr.Conducti bi - 1001 1329 791 746 1505 798
Alkalinity (mg/l) 212 210 260 296 440 300
Residual at 1 - 1104 1506 728 666 1322 600
Resi dual at 5 - 772 984 460 486 1012 278
Vol atile matt - 332 522 268 180 310 322
COD (mgQ/) 125 <30 <30 <30 <30 38 164
BODs (mgGy/1) 25 <6 <6 <6 <6 9 43
Total N (mg/l) 15 9,0 34 3,6 2,2 7,6 25,8
NH4-N (mgN/I) 10 6,7 15 1,0 15 5,2 23,0
NOs-N (mg/l) 10 0,8 0,8 1,3 0,7 1,0 11
NO,-N (mg/l) - 0,443 0,179 0,123 0,094 0,460 <0,005
Total P (mgP/l) 2,0 0,26 0,05 0,16 0,22 0,52 2,53
Chlorides (mg/l) 250 45,4 71,0 42,6 17,0 34,1 31,2
Sulphates (mg/l) 200 219 423 285,2 196,2 300 82,8
Test for toxicity >50 Not toxic Not toxic Not toxic
pecific quality parameters
Sulphidegmg/l) 0,1 0,80 - - - - -
Cyanide (mg/l) 0,5 0,03 - - - - -
Fluoride (mg/l) 10 1,01 - - - - -
Phenols (mg/l) 0,1 0,05 - - 0,01 0,03 0,19
Total oil and grease (mg/l) 20 6 16 - - - -
Mineral oil (mg/l) 10 <0,1 <0,1 - - - -
Detergents (mg/l DBS) 1,0 05 - - - - -
PAH (mg/l) 0,01 0,004 0,003 - - - -
TOC (mg/l) 30 12,0 - - - - -
Iron (mg/l) 2,0 0,99 0,11 - - - -
Manganese (mg/l) 1,0 <0,2 0,2 - - - -
Nickel (mg/l) 0,5 0,002 0,001 - - - -
Zinc (mgl/l) 2,0 0,258 0,143 - - - -
Copper (mg/l) 0,5 0,004 0,004 - - - -
Total chrome (mg/l) 0,5 0,003 0,009 - - - -
Arsenic (mg/l) 0,1 <0,01 0,01 - - - -
Lead (mg/l) 0,5 0,028 0,028 - - - -
Cadmium (mg/l) 0,1 <0,001 | <0,001 - - - -
Mercury (mg/l) 0,01 <0,001 | <0,001 - - - -

11
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On the basis of the investigationinflustrial waste water, the following is established

A concentration of suspended solids at all outlets were higher than the prescribed limit
values,

A concentration of sulfates was higher than the prescribed limit vatusboutlets, except in
the citycollector,

A quality of waste water at the main collector outlet does not meet the required standards due
to the increased concentration of suspended solids (413 mg/l), sulfates (219 mg/l) and
sulfides (0.8 mg/l),

A quality of waste water released from eators of the rolling mill does not meet the required
standard, because of the increased concentration of suspended solids (850 mg/l) and sulfates
(423 mgl/l),

A in the city collector, which is connected to the main collector without prior waste water
treatmat of municipal waste water, were measured the higher valusgspended solids
(280 mg/l), COD (164 mg/l), BOPD(43 mg/l), total nitrogen (25.8 mg/l), ammonia (23
mg/l), total phosphorus (2.53 mg/l) and phenol (0.19 mg/l) comparing to the presaniied li
values and because of that, the urban waste water should be separated from the
technological from industrial zone and purified separately prior to discharge to the surface
waters,

A quality of water discharged from the peripheral channel, businessarahmines meets
the required standards,

A industrial waste water has no high pollution load, because of purification in multiple
primary systems prior to discharge into the river Bosna,

A state of the quality of the industrial waste water is better thamstin the previous
period, because of the measures taken to protect water (repair of recirculation systems,
reduction on the amount of waste water discharge and heaviness of its pollution, etc.).

7. STATE OF QUALITY OF WATER RESOURCES

Bosna riverbash is quite burdenedbecause it covers 20.4% of tkerritory of B&H,
where 402% of the total populatiokives, including the area afenica.ln Bosna riverasin,
the largest number of industrial plamsconcentrated, and theictivities pollute tle quality
of thiswatercourse. Quality of watef the river Bosna is shown in the following table.

12
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Tabel 4. Results of monitoring of water of Bosna river.

Parameters Unit Limit Results
Temperature °C - 16,0
Turbidity NTU - 26,9
pH value - 6,01 9,0 8,1
Colour Pt/Co colour unit - 20
Dissolved oxygen mg/| - 5,2
Electr. Conductibility €S/ cm) - 497
Residual at 105C mg/| 1500 424
Residual at 556C mg/| - 312
Vol atile matt mg/| - 112
Total suspended solids mg/| 80 43
Alkalinity-m mg/| - 5
Alkalinity -p mg/l - 184
COD-Cr mg/l - <30
BOD5 mg/l - <6
Total N mg/l 7 2,5
NH4-N mg/| - 0,8
NO3-N mg/| 0,251 1,5 0,8
NO2-N mg/| 1,5-10 0,06
Total P mg/| 0,251 1,5 0,18
Chlorides mg/l - 14
Sulfates mg/l - 80
Test for toxicity mg/l - No toxic
Sulphides mg/l - 1,6
Total oil and grease mg/l - 9,0
Detergents mg/l - 0,2
Phenols mg/l - 0,01
TOC mg/l - 22

Water quality in the river Bosna medhe required standards. Therefotbe industrial
wastewater,discharged into the river Bosna,edmot influencein any significant degretihe
deterioration of the quality of thabovementioned watercourséoecausehe waste water
brings intothewatercourse only minor quantities ledrmful substances.

8. MEASURES FOR WATER PROTECTION

In order to protect water arid adjustwork of metallurgical and other industrial plarits
the environmental standards and legislation on environmental protect@weral major
projects and measuresre realized:

- Integration of water managementarthe production process in order to reduce the
amountand load ofvaste watepollution,

- The gplication of the principles of clean production,

- Draining away the waste water in a separate sewerage system with installed wastewater
treatment plants by sections,

13
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- Industrial water recgulation systems we built, what practically meaniat within the
normal operation ofhe plant, in the sewerage system avdischargeanly minimum
amounts of waste water

- In agglomeration, scrubbers are replaced with bag filters, what significantly decreases
the amount of water for dust removal from waste gases,

- Qualty maintenance and control of technical systems for purification of waste water,

- Every month, monitang industrial waste water on 20 measuring stations is done.

Implementation of the mentioned projearsd measures significantly reduced the amount
and heaviness of the pollutioof industrial waste water, whaontributed significantly to
decreasingthe load and impoving the quality of the river Bosna. By mtoparameters
examined, theiver Bosnain the area oZenica now has-Il quality classand preiously had
a lll-1V class. This has contributed to the revitalization of biocenosis and ecosystéms
watercourse| 7]

9. CONCLUSION

A continuous monitoring of air and water quality in industuddan area oZenica is a
fundamental requiremerior the assessment of environmental quality, investigation of the
production activities on environmental quality, testing the effects of implemented projects and
measures for environmental protection, assessment of potential opportunities for construction
of new production resources, implementation of measures for protection of health of
inhabitants, informing the public, inspection, etc. Monitoring emissions and air quality is
essential for industrial and urban areas such as Zenica region for the pdrpogeommental
protection management. Without monitoring, it is not possible to provide an effective
environmental protection management, what is a basic requirement for ensuring conditions to
protect environmental quality and human health in the indilistriban areas. A model of
integral environmental protection management in indusiridhn area of Zenica gave
significant positive effects on reducing the load and improving the environmental quality.
However, strategic goals of environmental qualityustdave not yet been reached, and they
imply that the state of the quality of air, water and soil has to be within the allowed limits of
quality and stability of ecosystem.
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SUSTAINABILITY AT UN IVERSITIES EXEMPLIFI ED BY THE
ENVIRONMENTAL CAMPUS BIRKENFELD

Kai Schlachter’, Klaus Helling

Trier University of Applied Sciencgsnvironmental Campus Birkenfeld, Germany
“k.schlahter@umwelcampus.de

Abstract: The responsibility for sustainable actions opens up great opportunities for economy
and society. Howevesustainable development and material flow management still need to

be more present in the conscience of socketagtainability and sustainable actions are part of

the major social challenges and also influence initiatives and cooperatitiffiecént actors.
Sustainability plays an important role in many other countries as well. In order to make use of
the significant potential of thescience of sustainability, it is crucial to further develop the
science system and especi ahiVengitied Mransfosmatoon e c t i
knowledge as well as traasciplinary cooperation will have to play an impottaale in

science. Thus it is possible to deal with the question which change processes could be
introduced to develop into &ustainable society. A wide diffusion of research and
development from universities to the fields of economy, municipaitshoities, ministries,
companies and society seems to be important and enables a close cooperation which promotes
trans disciplinary activities and thus makes use of the significant potentials of a science of
sustainability. An integrative anthterdisciplinay approach is necessary to establish an
education of sustainable development. Environmental consciousa@sst simply be added

to existing subjects. According to sustainable development, environmental consciousness
should bea recurring theme in the wigocourse of studies right from the start. To be able to

cope with the challenges of the 2ksintury on a national and international level, it is
importantto encourage a scientific culture that works on the futwodlems of our society
acrosshe borde s of speci al di sciplines. The key el
emi ssion universityo are the networking of a
energies, participation irsustainable education as well as the improvement otirxis
systems, which will be exemplified by the Environme@ampus Birkenfeld.

Keywords: Sustainable Development, Zero Emissions University, Sustainable Management,
Environmental Management
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DETERMINING THE OPTI MAL CONDITIONS OF THE INDUSTRIAL
WASTE TREATMENT USING FACTORIAL EXPE RIMENTAL
DESIGN

lvan Mihajlovi |, NadaGt rctPeedragn or LieRiiv@invk ovi |

University of Belgrade, Technical faculty in B&ngineering management department;
Vojske Jugoslavije 12, 19210 Bor, Serbia

Abstract: The aim ofthis study was to perform a laboratory investigation to assess the
feasibility of extraction or copper from the copper flotation wa3tds industrial waste
material generated as the byproduct of pyrometallurgical copper production, always contains
a significant amount of Cu together with trace amounts of other toxic elemastisas Fe, Sn,

Sb, As, and Pb. It is usually being disposed at the tailing ponds in the vicinity of the copper
smelter plant. The tailing ponds usually have large uncovered haizeargas which are
exposed to weatheringhe release of heavy metals into the water and sogusallyresulting

in a number of environmental problems. On the other hand, amount of copper in this raw
material is high enough to be economically utilizethgsadequate leaching methodis.this

study, the leaching characteristics of copper flotation waste from the Bor Copper Mine, Serbia
have been investigated for potential copper extraction.

Keywords: Copper flotation waste, MLRA, mathematical modeling
Acknowledgement: Research presented in thispgea is financially supported bgerbian

Ministry of  Education and Science, as the part of the project
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Conference papers:

ARSENIC AS ENVIRONMENTAL POLLUTANT

Biljana Jovanovil, BMbaandoBopowvi
RTB Bori Copper Smelter and Refinery Bar;o & Yajferta 20, 19210 Bor, Serbia
ekologija.tir@rtb.rs

Abstract: This paper analyses arsenic pollution of air, water and soil. Years of mimihg a
metallurgical activities in Bor have had a considerable environmental impact. Based on the
conducted measuring of air quality, average annual concentrations of arsenic in ambient air
are provided for the peria20032013.Content of arsenic in the Rivef Bor, river sediment

and soil in the area of Bor Municipality was analysed for the subject period.

Keywords: arsenic, pollution, environment

1. INTRODUCTION

Arsenic is a toxsic element that affectsmtan health [45] and recognized as a
carcinogert element [68]. Antropogenic activities such as the smelting of Cu together with
natural phenomena are responsible for the emission of arsenic imttonibEphere 9

Toxity of arsenic in surface waters [18 reflected in its efct on the river sedimés
[11,17 plant and animal worldgs well as health of humans {14].

Metallurgy is a bigpollutant of environment. Creation of high quantities of waste gas,
water and solid waste and low recovery of matter and energy in technological processes are
the cause of environmental pollution.

Development of technology and application of new technical solutions in pyrometallurgy
aim at increase in inlet raw material recovery, improvement of energetic efficiency, cost
efficient business and environmental pobiten.

2. METHODS AND MATER IALS

Figure 1 presented a map of the Bor Municipality area with measuring points of air quality
control. Three measuring locations were included, in the town and in its surrouddi@gy
park (500m from the the stack in thmelter in the east wind direction); ugopetrol (in the
direction of the prevailing North wing3®. Institute (1km from the smelting complex)
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Mining and Metallurgy Institute Bor measured the air quality in Bor in the period from
2003. to 2008. and fro2010. to 2012.

Institute of Public Health "TimokZ a j ameasured the air quality in Bor in the period
from 2008. to 2010.

City pak
ostrelj
Foim
T

Institute

Figure 1 Map of the Bor Municipality area with sampling sites (1. City Park, 2 tinefi3.
Jugopetrogl and location of Copper Smelter smokestacks

Sampling of susperd particles was conducted through samplers of ambiental air Model
LVS 3 Sven Leckel and Model MVS 6 Sven leckel, Germany.

Arsenic in suspended particles was determined through atomic absorption spectrometry
with graphite furnace pursuanttte standarRPS ISO 9835:1993.

Mining and metallurgical activities have had a significant impact on the natural water
streams in Bor region. The Bor and Krivelj river present an open waste water collector (for
industrial and communal waste water) and they are dedradter the confluence of The Bor
river into The Krivelj river, The Bela reka river is formed which goes into the TiMtdste
industrial water goes into a collector without prior treatment, from where it iscs@&hieBor
river which severely pollutehe river itself and affects the quality of the Tin(ak,1q.

Public Health Institute Timok analyses The Bor river four times per year at the measuring
point "Slatind’. Effluent samples were analysed by using the Atomic Absorption
Spectrophotometer UNIOA 969-SOLAAR, Asi vapour sistem, UNICAMVP90/F+90.

3.RESULTS AND DISCUSSION

The measured values of Ag/nT in particulate matter (PM 10) in ambient air in the
period 20031 2012. is presented in the figure 2.
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Figure 2. Average annual valuesAs ng/nt in particulate matter (PM 10) in ambient air
in the period 2003. 2012.

Table 1. Limit value of suspended particles:gdhd Asn ambiental air as per the
regulations of Republic of Serbia (offical Gazette RS n0.63/2013)

Pollutant Annual limit value
PMyo 40 GBg/ m
As 6 ng/mt

Figure 3 present average annual content of arsenic in The Bor river at the measuring point
"Slatina".
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0,50 A
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0,30 -
0,20 -

0,10 -

Concentration As, mg/l

[ 0O 0O 0O O
0,00 T T T

2009 2010 2011 2012 2013

Year
—a— As —8— Limit value

Figure 3. Average annual content of As mg/l in the Bor river from 2009. to 2013.

Characterization of the river dienent in Bor was done within the UNEP Project

Determining the capacities for environmental monitoring in Bor in September 2002 at the
following locations:
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1 Sediments in the Bor river before the confluence with the Krivelj river (sample-D 10
33)
Sedimets in the Krivelj river at the confluence with the Bor river (sample IEBAD
Sediments in the Bor river after the confluence with the Krivelj river (sample {8810

Table 2. Analytical results of the Bor river sediment in 200212,17,18

Serbian Standardsng/kg
Parametes / Soil (mg/kg absolutely dry
sample ID 10/33| 10/34 | 10/35 MCL in soil anatFers) '
imit value | Remedial
value
pH 7,69 4,56 6,39 / / /
As, mg/kg 315 291 310 25 29 55
UNEPG6s report (2002) s h baveindicated highar poutioa n al y z

with arsenic, as well as increase of soil acidity.

The projecti As s es ment

of

EnvironmentidMi sBowmint ®eip o

2002. included soli analysi$he results of measurements are showhables 3 and.

Table 3. Results of the test soil quality in the municipality of Bidr,12

Parameters Soil samples
Place of sampling | Brestovac| Vr a g o gl Kirivelj Slatina Ogtre
Number of sampleg 10/1| 10/1| 10/1 10/13 10/1 | 10/1 10/16 10/1 10/18| 10/19
0 1 2 4 5 7
?;'{“Er';]”g depthof| 145 | 40 | 10 | 40 | 10 | 40 | 10 | 40 | 10 | 40
pH 6,80|7,41| 733 | 717 | 7,42 | 756 | 6,70 | 6,82 | 7,64 | 7,92
As(mg/kg) 24 1285|276 | 32,2 | 19,2 | 8,62 | 36,0 | 9,2 | 258 | 45,2
Table 4. Contents of As,mg/kg of the tested pl@tisl?2
Parameters Soil samplesnd tested plants
Place of . . . L
sampling Vragog Slatina Ogtre Krivelj Brestovac
Number of
samples 10/20 | 10/21| 10/22 | 10/23| 10/24| 10/25 10/26 10/27 | 10/28 10/29
Tested onion | peas | onion | onion | salad | onion | horseradish| clover | onion | strawberry
plants
As(mg/kg) | <0,005| 0,027 | 0,042 | 0,57 | 0,052| 0,017 0,025 0,017 | 0,01 0,017
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Average contents of arsenic in the soil of Bor municipality are under theeall@® ppm.
An average content of arsenic in plants is usually significantly lower then in soil.

Arsenic content in plants is considerably lower than in the soil where they are grown.
Usual arsenic content in plants is7ihg/kg of dry substance. Arsenic isdispensable
substance for plants. Low concentrations stimulate growth of the root. High concentrations
have negative effect on sprouting, growth and development of plants. It reduces fruit size and
production. Allowed arsenic concentration for ediblegpaf plants in Germany is 2,6 mg/kg.
Arsenic concentration of the fruit and vegetables sprayed with pesticides can be over
0,5mg/kg. Concentration of arsenic that can be tolerated for food (fruit, wine) must not exceed
1mg/kg. Arsenic is light and is efstransmitted. Analyses of clover and hay from different
locations showed arsenic presence and increase of concentrations closer to the source of
emission(metallurgical complex in Bor). Arsenic reaches food chains of animals by fodder.
Consuming milk, day products and meat people take in this carcinogenic substance which
can cause serious disordgts].

4. CONCLUSION

The average content of As ihe ambient air for th@eriod 2003-2013. was above the
limits by the legislation of the Republic of SaabiAlso, the increased content of arsenic in
The Bor river and sediment confirms the influence of anthropogenic factors on the
environment. Analyzed soil samples showed an increase in arsenic pollutioci@asge soil
acidity. Arsenic has a high degreé absorption in the soil and accumulate in the s@rfa
layers. It is very toxic element and affect human health.
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NEW SOLUTION FOR CONTACT SPEED MEASUREMENT OF
MINING SKIPS MACHINES
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Mechanical Faculty University of?ElNdrdanic Depar
Faculty UniSemiasity of Nig
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goran.radoicic@gmail.ecm, arsic.miodrag@elfak.ni.ac.rs

Abstract: Beside of monitoring transport system performance, there is a need for tracking
dynamic behavior of the mining skips machines. For this reason, this paprhasstrated

a new solution of industrial equipment for contact speed measurement of export containers on

mi ning skips machinery. The proposed techni
created by multyear monitoring and experimental work wahvariety of technical systems.

Industrial solution is based on a stationary device that optically and periodically measures the
rotation speed of the driving drum, mining skip speed of machines and records kinematics
peaks. The solution is obtained baseh t he observation that re
technical norms in the transportat'l@®hu@hhemieo
glasnik SRJ", no.18/9Z2The developed prototype is tested and adapted to performances of
export machineASEA HDE 2.5 in the mine basin Bor for rated speedatical transport

up to 16 m/s.

Keywords: mining skips machinegontact speed measurement
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SORPTION OF Pb(Il) FROM AQUEOUS SOLUTION BY A POWDER
MIXTURE OF MYRIOPHYLLUM SPICATU M AND BENTONITE

J.V.MilokoviM., D. Stojanovil, M. L. Mihajlovil,

Pet r,MMRIiSIt anoj evil

Institute for Technology of Nuclear and Other Mineral Raw Materials, 86 Franchet
dOEsperey St Belgrade, Serbia

j.milojkovic@itnms.ac.rs

Abstract: Aquatic weedVlyriophyllum spicatunms undesirable plant in many countries which
must be removed continuously. It has been confirmed that aquatic plants can be used as
biosorbents for the removal of heavy niet&lay minerals as bentonite can be successfully
employed as adsorbents of many waste water pollutants such as heavy metal ions. In the
present study the (bio)sorption efficiency of two different materiigiophyllum spicatum
andbentonite and theidifferent mixtureshas been investigated for the removal of lead ions
from aqueous solutioBest capacity 8Ing/g showed mixture of 75%. spicatumand 25%
bentonite. Selectegpowder mixture was characterized by Fourier Transform Infrared
Spectroscopy (FR). The kinetic studies indicated that the sorption process of the lead ions
followed well pseudesecondorder model.Selected material mixturean be applied as an
efficient, low cost, and environmentally friendly (bggrbent for the removal of lead mn

Keywords: Myriophyllum spicaturmbentonite sorption, lead ions
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BIOSORPTION OF METHY LENE BLUE ONTO CORN COB
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Lopilil, Jelen&t&pbjevil, Mafrjpaaa St oj e
Institute for Technology of Nuclear and Other Mineral Raw Materials, Belgiaebia
m.petrovic@ithms.ac.rg.sostaric@itnms.ac.rg.milojkovic@itnms.ac.rs

m.mihjalovic@itnms.ac.rz.lopicioa@itnms.ac.rs j.petrovic@itnms.acs;
m.sangjevic@itnms.ac.rsm.stojanovic@itnms.ac.rs

Abstract: In this study, the usefulness of corn cob as adogt adsorbent for the removal of
methylene blue (MB) from aqueous solutidvas been investigated in batch experiments. The
influence of initial MB concentration on biosorption process has been studied. Langmuir and
Freundlich isotherms, at pH 5 and 298 K, were used to describe sorption aquildata.

The MB adsorption isotherm follows the Langmuir model and maximum biosorption capacity
value is 35,67 mg/g. A comparison of the results obtained with adsorptive capacities of some
adsorbents previously investigated indicates that corn cob coalgtmmising biosorbent for
removal of MB from aqueous solution.

Keywords: Biosorption, corn cob, Methylene Blue

1. INTRODUCTION

Wastewater from industries such as dyestuff, textiles, leather, paper, printing, plastic and
food [1] contain various dyasffs. This wastewater contains a variety of organic compounds
and toxic substances, which are harmful to fish and other aquatic organisms [2]. One of the
most commonly used chemical in listed industries is Methylene Blue (MB). Molecular
structure of MB igllustrated in Figuré.

98 S|
RN
H3C\N S K]/CHS

CHa ClI- CHs

Figure 1 Molecular structure of Methylene Blue

The presence of dyes in water, even at very low concentrations, is highly visible and not
desirable due to its harmful effects. In contact with human and animals MB can cause eye
burns which may be responsible for durable violation to the eyes. On inhalation, it can give

26


mailto:m.petrovic@itnms.ac.rs
mailto:t.sostaric@itnms.ac.rs
mailto:j.milojkovic@itnms.ac.rs
mailto:m.mihjalovic@itnms.ac.rs
mailto:z.lopicic@itnms.ac.rs
mailto:j.petrovic@itnms.ac.rs
mailto:m.stanojevic@itnms.ac.rs
mailto:m.stojanovic@itnms.ac.rs

4™ International Symposium on Environmental and Material Flow ManagemeMFM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

rise to short periods of rapid or difficult breathing while ingestion through the mouth produces
a burning sensation and may cause nausea, vomiting, profusengweental confusion and
methemoglobinemia [3,4)5For that reason, the treatment of wastewater containing dye is of
big interest because of its harmful influence on human and animal health.

Severalmethods have been used for the removal o8 fiyen wastewater. These include
physiochemical, chemical and biological methods such as coagulation and flocculation,
ozonation, electrochemical methods, fungal decolonizat®®n,§,9 etc. Difficult process
handing and high cost of operation, production of studigpotential toxic byproduct are the
main disadvantages of these techniques.

Biosorption is an effective technique f@moval of dye from waste water and become an
alternative to conventional techniques of wastewater treatment, due to its low opsrathg
environmental friendly nature and high sorption efficiefify,11,12,1B

In this workthe usefulness dbw cost and locally available agricultural wastes corn cob
(OK) for MB removal from aqueous solution are presented.

2. MATERIALS AND MET HODS

2.1 BIOSORBENT PREPARATODN

Corn cobs were obtained from local farm near the Belgrade, Serbia. Biomaterial was
milled with mill (KHD Humbolt Wedag AG) and <1 mm fraction was chosen for the
biosorptionexperiment without any preeatment.

2.2 PREPARATION OF STOCK SOLUTON

Stock solution was prepared by dissolving precise amount of MB (p.a. grade) in deionized
water. Desired solutions of different MB concentrations were prepared by diluting of stock
solution to the desired concentrationdd was detanined by pH meter SensiON type
MM340, Hach.

2.3 BATCH EXPERIMENTS

In order to study the effect of important parameters like initial dye concentration on the
biosorbent capacity of MB removal, batch experiments were performed by mixing of 0,01 g
of biosabent in 50 mL of MB solution of different concentration (from 1,2 to 12 mg/L). The
mixture including the MB solution and biosorbent were shaken during 48 h in mechanical
shaker at 250 rpm at ambient temperature and at gk the end of the given contatime
contents of the flasks were filtered. Concentration of total MB remaining in the filtrate was
analysed by spectrophotometer Spekol 1300 at 620 nm.

Refer to(1) the adsorption capacity of the biosorbérnthe amount of MB sorbed per
gram of sorbentq, mg/g) was calculated:

q=(C -G,) WOrm (1)
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whereV is solution volume (L)mis mass of the sorbent (g), a@candCeq (mg/L) are the
initial and final concentration of the MB in the solution, respectively.

3. RESULT AND DISCUSSION

3.1 EFEECT OF INITIAL MB CONCENTRATION

Figure 2 illustrates the adsorption of MB onto corn cob as a function of initial MB

concentration. It can be seen that the biosorption capacity of MB was increased with
increasing the initial MB concentration.

Biosorption capacity, q (mg/g)
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Figure 2 Effect of initial concentration of MB adsorption on corn cob (pH 5, V=50 mL,

m=0,01 g and t=48 h)

3.2 ADSORPTION ISOTHRMS

Experimental data were fitted to the two isotherm models: Langmuir (1) and Freundlich

().

_ a5 C
Tk 1)
q = KgC 1 (2)
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whereq (mg/g) is amount of MB adsorbed per mass of adsorfefmg/L) is equilibrium
MB concentration,gn (mg/g) andK_ (L/mg) are the Langmuir constants related to the
maximum capacity and energy of adsorption, respectivglyl- " mg-"g) and1/n are the
Freundlich constantsrelated to the adsorption capacity and intesity, respectively.

The Langmuir ad Freundlich adsorption isothermseahown in Fig. 3. The constants for
these isotherms are given in Table 1. In agreement to the correlatifiniene(R?=0.955),
the MB adsorption isotherm follows the Langmuir model and maximum biosorption capacity
value is 35,67 mg/g.

Table 1 Langmuir and Freundlich isotherm constants

Langmuir Freundlih Experimental valug
Gn(MglL)  K(Lg) R Ki n R q (Mg/g)
35,67 6,44 0,955| 26,43 0,232 0,919 35,67
40 F
35 - " .
30

25 -
20
15

10 H "

Biosorption capacity, g (mg/g)

5 | |

0 4 [

-5 I Y I L I x I y I 4 I L 1
0 1 2 3 4 5 6

Final MB concentration, C (mg/L)

Figure 3 Langmuir and and Freundlich isotherms of MB adsorption

Table 2 presents the comparison MB biosorption capacity for corn cob and different
biosorbents described in the literature. The bioison capacity of corn cob is mainly higher
or similar than that of the majority of other biosorbent reported.
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The differences in biosorption capacity of various biomaterials perhaps because of
diferent surface characteristics such as porosity, actipitysence of different functional
groups etc.

Table 2 Comparison of the biosorptionmacity of different biosorbents

Biosorbents Biosorbent capacit Ref
(mg/g)

Garlic peel 82,64 [10]
Cherry sawdust 39,84 [11]
Hazelnut shell 38,22 [12]
Rice husk 28 [13]
Pitch-pine sawdust 27,78 [11]
Cotton waste 24 [13]
Banana peel 20,8 [14]
Orange peel 18,6 [14]
Wheat shells 16,56 [15]

4. CONCLUSION

In this work the posibillity of the low cost biomaterial (corn cob) was investigated for
removal of MB from aqueousohlition in a batch experiment. Adsorption equilibrium was
better described by the Langmuir isotherm model than the Freundlich model. The monolayer
adsorption capacity of corn cob for MB was found to be 35,67 mg/g. Based on all results and
comparison of theesults obtained with adsorptive capacities of some adsorbents previously
investigated it can be concluded that the corn cob is an effective and alternative biomass for
the removal of MB from aqueous solution.
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RADOVLJANSKA RIVER
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Abstract: The work carried out numerical simulations of flow in a small bulb turbine using
the software package CFX. The turbine wasaihst in one of the pools of a trout farm
Jablanica in the Radovanska river. Built small pipe turbine was unregulated. In the periods of
low discharge the turbine was inactive. An improvement of fiuiturbine has been done
installing regulated inlet gde vanes. The first, using CFX software, power efficiency curve

of unregulated bulb turbine had been obtained. Then, power efficiency curves of the turbine
for several different positions of inlet guide vanes were calculated. Comparisons of the
efficiency curves of analyzed turbines were performed. The advantage of the solution with
regulated inlet guide vanes was shown. The described solution was built in the hydropower
plant.

Keywords: bulb turbine, flow simulation, turbine regulation

1. INTRODUCTION

The Radovanska river is located in Easternbfaein the region of municipality
Bol jevac. On the |l eft bank of the river,
been built. Following the fall of the field parallel to the river, there saxeconcrete pools
cascading set for trout farming. Apart from these pools, there are two largebpitiois clay
excavation.

Micro-climatic conditions of trout farm are suitable for life and giowft trout varieties
of fish becausehere is no freezop of waterduring winter The farm is located in a valley
surrounded by mountains that protect it from the winds.

Averagemean flow of the river, according to data from the official registr@5il/secat
the site of water intake. In the dry seasonwiager flow drops to about 10Gec.Drought is
customary during autumn.

Water intake, which is located on the concrete bulkhead river, is Tyrol $ypee the
affected water contains drawn and suspeneddsent behind the intake, there are powls
for deposition of sediment. Then the water is released into the fields for growing fish.

For the current production levels pond uses an average dfsga®f water. Minimum
amount of water is dependent on the time of year, the amount of fish that are agrdwn
feeding intensity.
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Whenthere araunfavorable hydrological conditions, the amount of water used is less than
90 I/sec In such situations it is necessary to perform the aeration of the water to increase the
oxygen content.

Pond is not connected to thmublic electrical grid. Required electrical energy was
produced using fuel oil geredor. According to the cadastoé small hydropower plants, in
the immediate vicinity of the pond, has been planned to build a small hydro power plant. It
is not certam when that will be.

From the above describ¢le ideaarosethat the water used in the process of raising fish
at the outlet of the pondan beused to produce electricity. Namely, after the figtider
which are arranged in cascade in four levels, tagemis collected in the sump and discharged
into the river.

The relative elevation of the water table in the collection basin is 94di@rsand the
elevation of the water in thean channel is 92.20 meters. #&en on Figre 1 there is a drop
of 2.30meters which could be used for power generation turbines.

Hydraulic losses would be smalliel to the small length of pensk and profiled inlet of
the tube. Penstock diametsD=430 mm and its length2® meters.

PENSTOCK

Figurel

In 2011.pico hydropower stion was builtUnregulatedoulb turbine was installed. The
geometry of builin turbine had been obtained by scaling the small tubular turbine of known
geometry and characteristics [1,2]. Impeller diameter turbine has been 300 anpenabck
diamete430 mm. The

output diameter of the diffuser has been 500 mm, the length of the digf@enm, so
that the angle of the diffuser has beéh. The turbine had secured a stable supply of
electicity in gross head from H=108 to H=2,30 meters. Iti®tation speedvas n=320pm
and optinal efficiency discharge of Q=21sec. Asynchronous generator has worked at 760
rpm.
Implemented solution phot@se given in Figure 2.
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Figurel

In dry periods, when flows are loweunregulatedbulb turbine couldn't provide the
minimum power necessary for the stable operation of the system. Electronic speed controller
of the turbine, which hatbeenworking on the principle of sharing power between ballast
heaters and consumers [@lring dry pefods system operatiowas ofteninterrupteddue to
lack of power. Therefore, fixeguide vanes of the turbine were replaced with adjustable guide
vanes Turbine impeller has remained unchanged. Implemented solution to the prigblem
described in this paper

Previousunregulated and new regulatéarbine solutions were simulated using CFD
software Ansys CFX. The results of calculations are presented in the work. Detailed
description of the calculation results was given for the previous turbine solutign am¢éfor
new turbine solution in [5].

2.PREVIOUS TURBINE SOLUTION T UNREGULATED TURBINE

Based on the dimensions given in the introduction to the paper geometric model of
previous turbine solution was established. It had impeller wiftxetl blades ad 7 fixed
guide vans. Shape of gde vane was curved, as part of a cylindrical surfabe. blades of
impeller and guide vanes wemadefrom sheet metabf constant thicknes§ he thicknessf
the blades of the impeller was 5 mimne thickness aheguide vane was 3 mnncoming and
outgoing edges of thenpellerbladesand guide vaneare rounearched.

Discretisation mesh was rfoed using the program CFMesh and Ansys TurboGrid.
CFX-mesh was used for the preparation of unstructoresh of input and diffusefhe mesh
was adjusted to the application of wall functiohke program Ansys CFX, when using the
SST turbulence modgbredicted the a@omatic transition of the laminar sudyers tothe wall

functiors, depending on the dimensionless coordinatgs. For the formed mesh,

dimensionless thickness of the first layer of the mesh wva®, according to
recommendations for the calctitan of the laminar sulayers.
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Geometryof previousunregulatedurbine is shown in Figure 3

Figure3

Using software Ansys CFX, theharacteristics ofinregulatedurbinewere obtainedThe
calculation reults are given in Figure 4.
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Figure 4

As mentioned in the introduction, this unregulated turbine had been operated at gross
heads between H=1.80 aHd2.30 meters and at discharggeater han Q=180/sec.

3.NEW TURBINE SOLUTION 1 ADJUSTABLE GUIDE VAN ES

In order to provide electrityi during the whole yearreconstruction of the existing
unregulated turbine startell is obvious that the problem can be solved by regulation of the
turbine. The old unregulatedturbine impellerwas retainedand regulationwas achieved
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using adjustalel guide vanesThis solution minimized the costs and shortened the time of
implementation.
The preliminary technical safion is presented in Figure 5.

Figure2

Reconstructedturbine had 12guide vanesMoving guide vanesvereflat plates with a
thickness of 3 mm. The calculation was performed fdrangles a =15°; 30 ; 45 ; 60 of
the guide vane<alculation procedure was identical to the already described for the case of
theunregulatedurbine.

Grids of the impeller blade and the guide \sfoe a =45’ are given in Figure 6.

|
2]

i/

——
[T} oors

Figure3

Grid of the diffuser is shown in Figure 7.
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Figure7

Description of the calculation procedure was given in detail in [5]. Figure 8 shows the
results of calculations for grosead H=2.30 meters for the whole range of changes in the
angles of guide varse
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Figure8

On the basis of calculations performedring the autumn of 2018urbine with adjustable
guide vanes was producethe photo of produceddjustable guide vaneés shownon Figure
9.

Figure9
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It turned out that the turbine, in the range of gross head of H=1.80 283®mand
discharges greater to Q=90 l/sec, has worked stable. The proposed and implsolatited
hasprovidedpermanentvork of thehydrgpower statiorthroughout thevholeyear.

The pice of theimplementedsolution, with adjustable guide vanes as flat plates, is
somewhat loweturbine efficiency coefficient in the discharges greater +t4. &) |sec.For
example, at discharge of Q=192 |/sefficiency coeficient of the unregulatedturbine is
h=0,627and of the regulatedturbine /7 =0,58€. It is seen, thathte relative difference in
turbine efficiency coefficient, of unregulated and single regulated turbine is 6.2% relative to
unregulatedurbine.

4. CONCLUSIONS

For unregulatedturbine there werecarried out simulaties in the area ofross head of
H=1.80 toH=2.30 meters and the domain discharge€®=120 I/sec up to Q=210skc It
turned out that theinregulatedturbine wasstabk for discharges Q 280 Isec.Unstdle
operation of pico hgropower station occuredlring the autumn monthghen the plant was
not working.

The problem is solved by introdung a regulatiorof the turbineguide vanesBecause of
the need for quick solutiong fixed cylindricalguide vane wasreplaced with 12djustable
guide vanesAdjustableguide vanesre flat platesRegulatedturbine operates in all flow
conditions during th&hole year, ie. with dischages Q > 9%ek.

The price of the implementesolution is reducing theurbine efficiency coefficient
approximately7% in the domain of Q 280 lsec. The produced electricity is sufficient for
the needs of island operationedéctricdevices in thérout farm Jablanica
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Abstract: Within this research paper detailed analysis of the possibilities for the development
and construction of the information system of the company Regional Water Supply -System
Pristina with respect to monitoring of water quality in the |&acanica near Pristina, with
goal to improve the environment and water quality, is presented.

Keywords: information system water, water quality

1. INTRODUCTION

The system shall be implemented in order to facilitate the work of professionals and
andysts and to achieve full transparency of the obtained data on the quality of drinking water
and to, also, provide "online" monitoring of the results and the availability of collected
information to the authorized users via the Internet and to provide o$dige lake Gracanica
beaches at any time with certainty that the customers are enjoying a clean and safe water.[3]

This paper presents possible representation of reliable and efficient software solution
capable to monitor water resources in a way thtallow obtaining immediate answers to
the problems of environmental protection and sustainable development, energy waste and
increase production volume, which can restore confidence in the future, such as caring for
natural resources fully in line witlhe economic and human development. [9]

Also in this meticulous research paper, the concept of solution with requirements and
needs of users and potential limitations is presented, based on the research and review of
relevant literature an overview of teeflogies and techniques for measuring the quality of
water, as well as a possible model of the information system of the "Regional Water Supply
and Sewage" Pristin@racanica, in whose jurisdiction is the lake Gracanica, where the
configuration of such aystem, database implementation plan and the economic aspect of the
costeffectiveness of building such a system is shown. [8]

During the development of the information system, the important basis for obtaining the
prestigious international "Blue Flag" isgsented, with the task to keep the beaches clean,
safe and ecological, and to allow the users to enjoy the pleasant surroundings trough
fulfillment of the conditions on the quality of swimming water in natural swimming areas.
Having this in mind, collecte microbiological and physiechemical data are processed
throughout the swimming season in one of the approved public institutions. The procedure to
obtain the Blue Flag envisages, in order to obtain it for the current year, that water analysis
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results fom the previous year should be attached to the request. In Serbia, the control of water
quality for swimming is performed, in major cities, in the Institutes of Public Health or other

accredited institutions.

Table 1.Mandatory valuesf microbiologicalparameters [5]

. % Results in an
% Results in an acceptable .
The recommended . . acceptable sample is
Parameter sample is greater than the The required values
value greater than the
recommended value
requested value
Total coliform bacteria 500/100 ml 20% 10,000 5%
/100 ml
Coliform ba(_:t_erla of fecal 100/100 ml 20% 2000 5%
origin /100 ml
Faecal streptococci 100/100 ml 10% -

Table 2.Standard valuesf physicechemical elements [5]

Acceptable% of the

sample Acceptable% of the
Parameter The recommended value score higher The required sa_mple
than the values score higher than
recommended the required values
values
PH Value 6to9 5%
Color and transparency Inconspicuous 5%
water
Water:
Oil stains are not visible so that there is no
noticeable odor
The content of mineral ol Soil: 5%
The beach must be controlled to such
pollution example, where the incident cases
accepted municipal and / or regional plan
are applied
Surface active substances | On the surface, there is no foam that lasts 5% <0.3mg/L 10%
Phenols No specific smell 5%
Visibility at depth> 1m, or because of -
Transparency geography at depth 5% In-dep:hz\é;5|b|l|ty 10%
<lm
Stained remnants and The absence of
floating materials, any harmful
such as wood, The absence of heavy water in the waste to 5% substances and 10%

plastic products and glass,
rubber or any
other substances

and the ground

the material both in
water and in the
soil

2. EXPERIMENTAL WORK

The information system should collect and process data for the Blue Flag obtaining and
this means the proper hardware and software for recording and processing of data. [7] In the

case of information system tife "Regional Water Supply and Sewerage" PrisBnacanica
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which is in charge for the lake Gracanica, the same can be arranged through the buoy used for
data acquisition from the water and the computer system at the company headquarters
Regional Water Saply and Sewerage. In the above mentioned company the project which
uses the Oceanic buoy may be locatadbuoy that collects data from a variety of measuring
devices installed on it. These data are transmitted via radio to the computer system on the
coast, where they can be processed, stored and displayed on the website.

The value of the equipment at Oceanic buoy is about 2 million RSD, and in Figure 1 one
of the Oceanic buoys is presented.

In order to present it simplified, the system is divided iotor Subcategories, namely:

| buoy with measuringhstruments and other electronics
1 stations for receiving the read data

1 equipment and software

| system data.

To understand the complexity of such an information system the basic elements of a
system for recordig, storing and transferring data are presented further. Buoy for the
company Regional water and sewer for the lake Gracanica can be equipped, as shown in
Figure 2, with instruments for recording the following elements:

1 temperature and relative humidity,
water temperature 2 meters below the surface,
temperature, pressure and salinity of the water at a depth of about 19 meters,
wind speed and direction,
the direction and speed of water currents in 5 different depths,
Current location of the Buoy (both sidi®pes)
time and geographical location (GPS).

= =4 -4 -4 —a -1

Figure 1.0ceanographic buoys [4]
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The supplier of the system has developed special software for this purpose. User software
for transfer and storage of the read data from buoys in the IT Center of the gdrgzaonal
water and sewer consists of three programs:

- Mbp_buoy,
- Registration
- Terminal

Where the first two automatically starts when you turn on the computer and work
continuously as the two processes in the background. Program Mbp_buoy controls all
communcation with the buoy subsystem simultaneously gathering read data. The function of
the program is, as the name suggests, processing and storing the received data in L mySQL
database.[2]

i a-antenna
: 7 b - solar panels
V¥ e ¢- control unit

d - dc voltage regulator
o N e - battery
N 1 f - ultrasonic anemometer
\ 1

v 4 g - compass
pE h - chain anchorages
i - concrete block

j - flow meter (ADP)

Figure 2.Buoy with measuring instruments anchored with threeie blocks [4]
3.RESULTS AND DISCUSSION

Approximate investment cost of installing measuring devices into a single buoy are given in
Table 3
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Table 3.Estimated investment costs of the buoy with the necessary tools [1]

1 buoys and related equipmégblar panels, rails) a 13,
2 anchoring equipment (chain, rope, anchor) a 40
3. sensors specification a 15,
4 Equipment for online measurement ua 2, 5
5 equipment for GSM data transfer to the central a 4,0
TOTAL: a 34Q0

Terminal is the user program and serves as a user interface for setting parameters and
buoys as an interface to access the terminal instruments in the buoy. All three programs share
data with each other via shared memory while the synchronizatiaing performed trough
the traffic lights and messages (signals). [6]

As it is shown the cost of buying a buoy along with the accompanying instruments are
estimated at U 34,900.00. To these costs, tF
shallbe added, web applications and utilities that read and store the measured information in a
dat abase, which roughly amounts to another 5

From this it might be estimated that the total investment for the installation of three buoys
i s ar ou@0d0. Of cauBe, With the purchase of a number of buoys and possible
interest of other countries for this project there can be some reduction in expenses.

This estimate of the investment the necessary maintenance costs are lacking and must be
taken into account. According to the EuroGOOS maintenance fee, which includes the
calibration of instruments, operating costs, maintenance and certification data for a single
buoy cost from 15,000 to 80,000 0 a year and

- location ofthe buoy (high seas, offshore, fiié@ating)

- people and technical equipment needed for access to and maintenance of buoys,
- size of ship / boat that is used to access the buoy

- characteristics and the number of instruments ansloss.

Since in presented case the buoy is at a relatively accessible mpasitioes not require
special vessels and a large number of people and in that respect it can be estimated that the
cost of maintaining the entire system wil/| b
sensor calibration by authorized institutipnsaintenance of buoys, databases, software and
hardware.

Il n the current system of sampling the indi
means that the owner of the swimming area respecting the criteria of the program Blue Flag is
obligedtopayamual |y for sampling during the summer
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From the above it can be concluded that the current method of funding would not be
sufficient to cover the operating annual costs. This is the reason why the system is designed in
away that it can provide services to other entities that are not directly related to the program
Blue flag. The system has particular importance in situations where it is necessary to prevent
potential contamination of bathing water, because it providesrant information about the
potential dangers when the reaction of relevant authorities is needed. Also, the system is of
great importance for all those dealing with the prediction of individual phenomenon, such as
algal blooms, water circulation, and @o.

4. CONCLUSION

Reliable and efficient operation of the system which is capable to monitor water resources
in a way that will allow getting instant answers to the problems of environmental pollution,
energy waste and increase in production volumeyestore confidence in the future, such as
caring for natural resources fully in line with the economic and human development. In
respect to sustainable development it is necessary to enable satisfying the needs of present
generations without compromisiniet ability of future generations to also meet their needs,
especially those which concern the need for a clean and beautiful environment.

Blue Flag Programme aims to improve the human consciousness to meet the
environmental standards and this can be aelli¢hrough a series of environmental activities
in which the people must have the main role. One of the requirements of the Blue Flag
program is quality of the water. Continuous monitoring of the lake Gracanica may be an
indicator of the efficiency of thenvironmental movement and the national programs for
sustainable development.

Monitoring the situation without active participation is not enough. It is important to have
a system for continuous control that needs to be efficient and fast in order totladow
competent authorities to have immediate insight into the quality of swimming water and that
their response in the event of an uncontrolled increase of the observed parameters of quality,
can be immediate and meaningful. This can be achieved onlyneitisuring devices that are
operating 24/7/365 and which are integrated into a system that is described in this research
work.
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AN INTEGRATED FUZZY AHP AND TOPSIS APPROACH FOR
RANKING COPPER CONCENTRATES

norle Nikolil, Nada Gtrbac, Al els awichrag | Mivtid:
University of Belgrade, Technical Faculty in Bor,
Vojske Jugoslavije 12, 19210 Bor, Serbia

Abstract: In this paper Fuzzy mulgriteria decision making (FMCDM) integrated model
was proposed to evaluate samples of copper concentrates iotrespleeir beneficial and
harmful components. Integrated FMCDM methodology consists of two well known methods
Fuzzy Analytic Hierarchy Process (Fuzzy AHP) method, which was used to determine
relative weights of criteria and Fuzzy Technique for OrderdPeete by Similarity to Ideal
Solution (Fuzzy TOPSIS), which was used to rank investigated samples. The obtained
empirical results enable better understanding of developed integrated FMCDM model and
provide reliable decision support tool for decision makevrhich enables them to increase
efficiency of technological process and facilitates environmental management.

Keywords: multi-criteria decision making, fuzzy logic, AHP, TOPSIS, environmental
management, copper production
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ECOENGINEERING ALGOR ITHMI ZATION OF OIL LENSES
EXTRACTION

Ostakh Sergey \V, Oksana Mironova S?

'Gubkin Russian State iersity of Oil and Gas’The Foundation "National Center for
Environmental Management and Cleaner Production for the oil and gas industi§991,
Russia , Moscow, Leninsky Prospect, BGssia

Abstract: Nowadaysthere are somesufficient preconditionsfor the implementation of
informative direct and indirect methods ofl lensesidentification The combination of
mapping and situational modeling oil polluted geological environment includgshysical
and chemicabil transformationsvhile infiltration.

In many cases, thdifficulties of management decisiorman be reduced to analysis of the
prior information andexpert data, theidentification of quality indicators andhe best
alternative selection.

Environmental securityystens integration in thetechnological cycles is based on multi
criteriahierarchical evaluation. Sugiinciplesas wastegventory, theenvironmental impact
asessment, hierarchical structurirgg individual technological criteria, general criteria
analysis,the best alternatigs selectiorand summary assessmenthaérarchy technological
levelsincluding climate patternsf the regiorare in the base of technological integration.
The proceduresequenceof situational modelinghelpsto select and integrate identification
technobgies éxtent area definition, reservoir thickness &siicky fingers"formation) and
oil lensesextracton with following remediation of contaminatéands
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ENVIRONMENTAL FLOWS MANAGEMENT AND SYSTE MS OF
ENVIRONMENTAL -ECONOMIC ACCOUNT ING

Alla Pakina, Mikhail Slipenchuk

Department of Environmental Managemdmmonosov Moscow State University, Moscow,
Russia
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Abstract: Modern global economig developing on a base of market principles, and GDP is
the main criterion of its effectivenesSerious shortcomings that GDP d o e srefléct a
degradation of natural lardapes anthe damage from pollution of natural environment. In
this regard, transition to the ecological ofi g r e economy should be based an
comprehensive assessmenenfironmental effects of economic activity

One of approachem this field isthe Systems of National Accounts (SNA). The London
Group of Experts suggested to use environmental criteria afciveomics such as physical
parameterof water resourceguality and quantity Further development of this idea will
contribute to developmemtf the system, accounting flows in natural landscapes as a criteria
of changes in the environment resulting from economic developReziminary estimabns

of changes in natural landscapes were obtained in studies conduB&#adharea irRussia.
Environmentaleconomic acountingwith attention toecological services and intensity of
energy flows in landscapes wittontribute to more effective system o&nvironmental
management aneconomic development in the region.

Keywords: EnvironmentalEconomic Accounting, Economic Growth, Environmental
Management, Effectiveness, Baikal Area

1.INTRODUCTION

The effectiveness of environmental management is one of the most significant and
complicated issues in modern environmental policy at national and retguabs. In the last
decades many countries implemented policies aimed to reduce ecological impact while
maintaining economic growth. As it is shown iij,[some of them managed to reduce GHG
emissions in absolute terms within their territories, and stbeosted their environmental
performance parameters by using fewer raw materials today than 20 yedisfagunately,
life cycle emissions of final consumption, in fact, increaseanany casesproduction of
emissionintensive goods has simply movedsesvhere.The key issue in this field is,
probably, transfer of focus from production to consumpgiarametersHowever even these
attempts to shift the focus do not reveal a real environmental impact of human activity due to
approaches used to its evation.
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Today many economists recognize that rearkrinciples forming aframework of
evaluation of a gl obandGRPcastheonmain écenomaid irfdieatotof v e n e
development do not reflect degradation of natural landscapes and damage ditutiop of
natur al environment. Thatos why it i s necess
changes (both positive and especially negative) in nature environment. One of the most
relevant approaches is the System of Environmditahomic Acounting (SEEA)

2. ENVIRONMENTAL -ECONOMIC ACCOUNTING AS AN APPROACH TO
JUSTICE EVALUATION

The System wasdopted as an international standard by the United Nations Statistical
Commission (UNSC) in 2012.HE Central Framework of SEEA is a multipurpos@oeptual
framework for understanding the interactions between the economy and the environment, and
for describing stocks and changes in stocks of environmental §&sethis approach to
assessing the economic development has become increasingly popréaent decades.
National economiesicross the worldnust beregularly inventoriedon the transparency in
resource uselhese were some of the key recommendatairthe World Resources Forum
(WRF) 2013.In 2011 WRF had already called for the improvementdata and indicators,
since fione cannot man a d]eMeastriagthe ecatogicaldomtprintot me ¢
as a basef economiceffectiveness is aght step incorrectdirection

Probablythe mostcomplicatedpart of these studigisaccountingof ecological functions
of the landscapeldentification of all types of materials and resources a systemof
production and consumptiorshould take into accourguch indicators as, for example,
emissiors of pollutants, and changes in the thermal balahteeoterritory etc

Transition to the principles dhe System of Environmentd&conomic Accountindgpased
on the understanding of necessity to take into account not only individual benefits from
resources extraction, but alsocial costs fronenvironnentaldegradationThe cost of raw
material extraction are often very low (for example, famatural timber resourcgsbut
accounting of losses of ecological functiariges a fundamentally differemstimationof the
effectiveness of such activitieAccording torecent scientific researché&sboth theoretical
and applied work$ value of ecological services of natural systems is comparable to a market
value of natural resourcel8, 4, §. Some authors §, 7] conclude that benefits from
conservation of rtaral ecosystemesvengreatly exceed the revenues from resource extraction
i in most cases an excess depends only on the length of time perspective.

Such researchedemonstrate relevance of a cbshefit analysis for purposes of green
growth on a regionallevel. In a case to define directions of green economic development,
environmentally oriented activities, efficient from ecological point of view, must be priorities.
Evaluation of effectiveness must be basedaooounting of ecosystems services, inclgdin
such indicators as intensity of energy flows in landscapes, carrying capacity of natural
ecosystems, changes in terrestrial albedo coefficient due to land use structure and others.
Unfortunately, allknown approaches are basedmeasuremerntheseecologcal servicesn
monetary termsAt the same time aotable trendf scientific publications in recent yedss
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an attention to normmonetary evaluation, focused on the physical indicatdrsystems
development.

3. INSTITUTIONAL PREREQ UISITES FOR GREENING RUSSIAN ECONOMY

Due to tansition to a green econonproclaimed as a priority of Russian modernization
relevant policy documents were adopted regional and federal leveAmong them:
APrinciples of the state pooplmecnyt ionf aRufsiseilad u
andtheNat i onal Program AENnvironment Protection
20122020. According to theieast er n 0 a n dof Mmalerrc Russ@m econ@any,t or s
principles of green economy arést of all, crucial for regionsof Siberia and Far East, as
well as for the Russian Arcti¢ extremely important areafor further development
Environmental issues of the area are particularly considered in the State Program of
Development the Far East and Baikal Anga to 2025 and the Federal Target Program
AProtection of the Lake Bai kal and a soci al
Areaon2012 0200 .

Despite the declaredideas, contemporary national econontyas a raw orientation.
Dependence on extramh of nonrrenewable resourcesicrease environmental damage
measured id-6% of GDPannually[8. At one of the first positior
of the National Program AENnvironment Protec
regulation ad control in a field of environmental protection and ecological safety,
encouraging a modernization of the economy,
with this, the Program focuses on conditions for an involvement eé#ictent innovations
development of a market of environmental goods and services, and attention to environmental
safety.

Achievement of the stated goals requires significant efforts, botecamomy and
environmental managemeurrently a situation in Russian economy doescorrespond to
a line of greening. Economic growit based on the use of fossil fuels with a low share of
renewable sources, and development indicators are far from socially oriented ones. Declared
rate of GDP growth was not metlast two yearsinsead 3.5%n 2012the growth was fixed
at the level of 3.4% (compared to 4.3% in 2019]) The rate of GDP growth expectéd
2013 was not also reached: a real rate was 2.4% instead 3.6% that were planned in a
beginning of 2013. Due to political situatidhere is every reason to expect even more
difficult economic situation in 2014: the real GDP rate could be 0.8% instead planned 2.5%.
Thus, Russian economy is characterized by contradictory trendeed for growth, as a
prerequisite of social stabiligndrise ofliving standardon the one hand, and a need to move
towards a green econoryon the other. Experiences of developed countries show that these
conflicting trends can be combined with each other. The situation can be even considered as
an advatage, since it is possible tse innovative technologies, according to the latest trends.
Innovative approaches should be developed also for estimation of effectiveness of economic
development with attention to its environmental effect.
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4. PERSPECTIVES OF EFFECTIVE ENVIR ONMENTAL MANAGEMENT IN THE
REPUBLIC OF BURYATIA

Current situation and perspectivesgséeneconomic development ane of the Eastern
Siberia area$ the Republic of Buryatia we studied during the field tripsy years2012
2014. Tota | area of the Republic, including wat e
comparable to the area &er many (357 thousand km ] ), or
Number of population is 971.8 thousand people (2013), population dérai@7 people pe
k mAnalysis of current @nomic indicatorproves a strong necessity of gron@DP is 720
billion Russian roubles (RRRQ13) or $5.27 billion, per capitd 176.1 thousand RR 085.2
thousand.

Table 1. Republic of Buryatia in economy of Russia (2013)

Republic of Russian Share of RB
Buryatia (RB) Federation (RF) in RF, [%]
Area, thousand ki 3513 170982 2.0
Populationthousand people 971.8 142009 0.7
GDP, billion RR 1720 67100.0 0.3
'(rzhoel\éc)jlume ofndustrial productionbln RR 293 12 128.0 02

Source:Federal State Statistics Service

Developmenbf a mineralresources sector and a tourism industry weexisied by the
government of the Republic of Buryatas the development priorities. The most serious
obstacls to developmentof the region arepoor infrastructure along with harsh natural
conditons. The overall level of gasification with liquefied gas is still very low (about 15%).
Many parts of the area have no paved roads. Thus, a further economic development can be
based on improved infrastructure of transportation and water and gas $4ipyhg industry,
based on rich polymetallic ore fields, ase ofkey sectorsof further development, through
which it is planned to raise GDP and living standards in Buryatia

Despite a low rate of economic growth in Buryatia, there is a number of sis@rfgctors,
affecting both on natural landscapes and their components, and on the Baikal water quality.
Analysis of distribution opolluting emissions within the Baikal Natural Area (BNA) shows that
the main volume of pollution comésom the territoryof the Irkutsk region. Large number of
industrial polluters are located at Angarsk and Irkutsk citiedthe strongenvironmental risk
during many years was caused by Bai kal skdé Pu
western part of Baikal. Oniy 2013 there was accepted the decision of the Russian Governance
to stop the plant. A significant contribution to the pollution of the area make the industries of
Buryatia, located in Ulatdde and Gusinoozersk: coal thermal power plants, ma&hihding
plants, coal mining, etc. The main feature of the impact on environment in the area is a
prevailing role of thermal power plant: they throw out about 50% of all air emissions.
Fortunately, there are groundsrtark the trend of tal emissions reducing:no34% during
period 20072011. Despite these encouraging findings, the total air emissions in the frame of
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BNA in 2011 amounted to 375.4 thousand tons, discharges into waterbédle® . 4 mi | | i on
and the total volume of industrial waste has achie@e845.5 thousand toni()].

Economic growthin the region planned to be reached througlestments in a frame of
public-private partnershipDevelopmentof one of the most ambitious projects, theimg
projecta tOzdinoye field, includes plans for imastructure improvement: local railways and
roads, transmission and electricity supply facilities, system of water supply and sewage, etc.
In the long term there can be formed a cluster, containing a number of mining and processing
plants, forming a neceass/ base for the economic stability and population 4veihg. In a
caseof implementation of these plans, investment in the region could reach $ 3.3 Hdifljon [
At the same time, the Ozernoye field development will leadotmation of technogenic
landsape andtransformationof the naturalmaterial flows. Praduction pra@esswill cause
emissiosof NO,, & [, soot aant Laoddistarbanca wilk caupearbnisformation
of landscapes by changes in exogenous geological processes, paramgtesyeblogical and
surface flows, increasing erosion processesGianges in a land use will result in declining of
landscape capacity to absorb grbeunise gases (GHG), including €@t the same time, the
impact on the landscape will be of a locallsdzecause of the landsterationas an obligatory
part of works.

Taking into account changes in a land uwse may conclude that thesult ofthe area
deforestation will be lost ecological functions, such as €&yuestrationThe total annual
carbon strage by forests of the Republic of Buryatia is estimated at 12.5 milliont&nsaphd
the larch forests make a largest contribution (about 35%) in this &he= a larch is the main
tree species in the Ozernoye fieddere will bea significant redction in the absorption of GO
from deforestation. Preliminary calculations maalgh account the average annual carbon
sequestration of larch wood 4@. t/ha) suggests that the costs of deforestation in the area will
result in additional emissions of about 860 tons/y8laimhe sane consequences are typical for
othereconomicactivities,developing now in Buryatjsuch agourismindustry.

Specifics ofthise ¢ 0 n 0 my arsgreatex extearrespondwi t h t he i deas o
economy It can not onlyredu@ ecological scarciti through saving environmental services of
the unique natural landscapasd environmental risks by investing in a le&rbon economy
but also will result in improved human wdle i n g and soci al equity
employment. Studies in this field sl that new technologies, including that in a renewable
energy, are more labamtensive than fossil fuddased energy generation, and contribute to
increasing highlgualified labor 1L3]. The key point for realisation plans of tourism development
attheRpubl i c of Buryatia is a Special Economic
be built on the coast of the Lake Baikal in 2009. The basic principle of its development is a
public-private partnership, in a frame of which it is planned to build tateson infrastructure,
ski resorts and a number of hotels with modern systems of water supply and sewage systems, and
other recreational facilities. SEZ development program aimed on creéiiginastructure that
minimizesimpact on the natural lands@pnd meet all the environmental restrictions: nature
conservation in this case is a practical necessity. In this regard, SEZ development program
widely use approaches to energy saving, resources efficiency, etc. In attdgtaong energy
saving measuszthere will be created more than 4 million of job places.

However, a tourism industry development will also result in a transformation of natural
| andscapes: construction the ski resort on
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landscape at tharea 02300 ha. In contrast to mining activity at the ore fields, changes in a land
use in this case will not be so radical, and
to save patrtially forested landscapes. Social effect from raaiszt this project, which can be
measured by employment increase, will be 4.1 thousand job places, and a volume of services
will reach 30.9 bIn. RR, which is highest amount if compare with other clusters of SEZ.
Undeniable advantage is that, in additioriiie development of ski tourism, it is also planned to
develop ethnographic and religious tourism, based on the authentic culture of the local
population. This undoubtedly will attract special attention to preservation of a pristine nature of
the regionlt is widely known thatdurism development, especially in a way of-emarism, is
traditionally based on preservation of natural landscapes; therefore, development of this industry
will contribute to a green developmerts a whole, @irther developmentfahe SEZ can be
regarded as a successful example of economy,
increase of living standards and preserving ecosystems.

4. SYSTEMS OF NATIONAL ACCOUNTS AND ENVIRON MENTAL FLOWS

Reviewed casehews that nev approaches to refleeidequatly environmental effectsef
economic activitiesare neededA number of comparative analyses, such as correlation of
environmental pressures to GDP, Human Developnratdx (HDI), and others economic
indicatorsof a regionmust be made to get an adequate estimation of effectiveness of regional
environmental managemejdfl. Preliminary analysis conducted for the Republic of Buryatia,
shows that even the current low level of GDP is associated with high pressure on natural
sysems. In recent years, the GDP growth directly correlates with indicators of environmental
degradation and depletion of resources (t2ple

Table2. Environmentaparameter@changessaresult of economic activity

Years | GRP, min. Water Lands Area of natural| Emissions to | Extraction of
RR extraction, nn. | covered by | protected areas the air, coal

d3j forests, thousancha thousandons | thousandons

thousancha

2010 133 526 634.5 26943.2 2137.1 183.7 985
2011 154 678 594.9 26906.7 2093.3 164.4 1521
2012 167 038 646.3 26912.0 2093.3 ~190.0 2280
2013 172 049 649.3 26912.0 2093.3 ~2120 2853

Source:Federal State Statistics Service

The value of GDP growthro5 billion rubles equalsonsumptionof 3 million n?* of
natural watersextraction of600 thosand tons of coal, 22 thousand tons of emissioriseto
air, etc. Consumptiorof territorial (land) resources requires clarification, as wellraany
other environmentalindicators of economic activityThis calculation does not take into
account indirectonsequencdsr naturallandscapedue to futurechanges

However, these activities are necessary for the raisiniviofy standard of the local
population. In this regardurther researches assessing the effectiveness of environmental
managemenn the region are very actual. Important part of these reseairatlaboration of
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methodical approaches &valuaton, based omphysical parameters of the environmeXd. it
was shown in [2], theeondon group of experten environmentaéconomic analysifhias
tested physical indicators for measuring water resources.
Obviously thereare broad prospects fahis approach tall other resourcemeasurement
Preliminaryframenork was elaborated fdpiological resources, including aquatic resources,
forest resowres andomeothers.

Original solutions are offereth interdisciplinary researcheat the intersection of natural
science and economics. Consideration ofcomparability of economicand ecological
indicatorsthrough flows of energy im landscapewvas proposedby A.M. Friend [14]. e
idea of measuringthe level of entropy in landscapas a universal indicator of balanced
developmentcan be quite productivén case ofelaboration and usef such indicatorsar
evaluationprinciples) can belso significantly changedhe S/stem of National Accounts
(SNA). Environmentaleconomic indicators will contribute tproper accounting and fair
distribution of resources betweeggionsand generationst is widely known thatn a case of
transformation of drestlandsfor nonforest purposes, the national accounts record only the
expenditure incurred in cledelling the forests and do not account for the loss to the society
as a result of transf¢2].

New approach to SNA forming can be realized for: 1) balariaeatural resources (as
assets)n physical termsand changes of the national wealth (can be presented as the tables
i c osu tsp @)tlaggesof natural resources (as a stock of energy) and deterioration of
natural conditions can be considered amditator of inefficiencyof the economy in the long
perspective
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Abstract: Municipal solid waste management (MSWM) has become an important issue for
countries, regions and communities around the world. The challenges are particularly notable
in developing and transitional countries reflected mainly in inapj@@, management,
insufficient and underdeveloped technology, an unfavorable economic situation and the lack
of environmental awareness in the population, causing a tremendous environmental impact.
Today, various deterministic and meudibjective modelsare applied to analyze solid waste
management systems from the regional to the municipal levels. Understanding the
mechanisms and factors that currently drive the development of solid waste management is a
crucial step for moving forward and planning susible waste management systems. The
main objective of this paper is to apply the ISWM model, which is based on th€ydfe
approach and follows the analytical framework methodology, to the research region. The
transdisciplinary research framework wampirically tested and subsequently applied in the
region Republika Srpska (a political entity in Bosnia and Herzegovina). Using the benchmark
methodology, based on environmental, institutional and economical sustainability, the waste
management is summaed in assessment profile. The model allows an indicator based
classification in order to determine the stage development of waste management. The results
of the conducted analyses and the application of the developed model can be used further as a
basis br the proposal of further strategic, political and managerial changes and support
decision makers, stakeholders and planners to handle waste in -aefficemtt and
environmentally sound way.

Keywords: Bosnia and Herzegovina, Integrated/sustainable waateagement, planning of
WM, Republika Srpska, solid waste management.

1. INTRODUCTION

Increasing population, rapid urbanization and the growth of living standards have
significantly accelerated the rate of waste generation in countries around theAgoddling
to the World Bankoés gl obal review of solid
areas in the world generated about 1.3 billion tonnes of municipal solid waste and that is
expected to increase to approximately 2.2 billion tonnes annonalB025. Expectations are
that waste generation rates in developing countries will more than double over the next two
decades [1]. These developing and transitional countries have significant problems in
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managing solid waste. The reasons are numeroushlnpdimited resources (financial and
social) and enforcement of relevant regulations especially affecting the quality of waste
collection and the application of technologies for safe recycling, treatment and disposal [2].
Therefore, introduction of efficre solid waste management and its affordability will be one

of the key challenges of the 21st century for developing countries, and one of the key
responsibilities of local city and municipal governments [3].

The ISWM model, based on the Life-Cycle approach, remgnizes three dimensions
in analyzing, developing or changing a waste management system: Firsty, the
stakeholders - a key element in sustinable development and the role of the legislation in
the system; secondy, the technical component of integrated solid waste management
system elements such as waste colledion and transpatation, waste recovery through sarting
and recycling options, waste treament, waste disposl and waste minimization; and
thirdly wage management sudainability aspects. Hence, the development of waste
management system depends on the succesdul interadion and integration of a diverse
range of adivities, processes, technolagies and people. The main goal of the modd is
therefore to suppat dedsion-makers, stakeholders and planners to handle the system in
an eoonomcdly and environmentally soundway [11]. Through the last severa years the
concept of ISWM and its aspeds has been further clarified and is gradually becoming the
norm in discusson of solid waste management in developing counties [12,13,3,14.R
However, one of the main challenges derived from the anaysis has been the usage of
various methodolagies for data gathering. Moreover, this problem is espedally emphesized
when the different cities from different counties are compared. In order to solve and
minimize those limitations the ISWM benchmarking indicators set was developed [3; 6,
15]. This set dlows benchmarking of a cityGs performance in waste management, allowing
consisent comparison of performance between cities either in developing counties or in
the developed world and monitaing changes and progressover time. Topic (2014) researd
closely this thematic and develops a Mode of Integrative/Sudainable Solid Wade
Management.

A mode (Figure 1) has been built around the analytical framework of UN-HABITAT
benchmarking methodolayy [3,6,14, which is based on the concept of integrated and
sustinable (solid) waste nmanagement, known as ISWM [11] and around the phase
model of KLAMPFL-PERNOLD et d. [17,18. The analyticd framework combine
relatively standard, quantitative indicaors for the three main physicd comporents i
colledion, treament/disposl and recycling i with a correspanding, qualitative, composite
indicator for the Aqualityo of sewvice provision for ead physicd comporent, aswell as five
further qualitative, composite indicaors which assss performance for the three main
aspeds of govemance, namely inclusivity of stakeholders, financial sustinability and sourd
institutions & proadive policies. On the other hand the KLAMPFL-PERNOLD et 4.
[17,18] phase modd alows an indicaor-based classification of different countries or
regions to determine the stage of waste nanagement development. The classficaion of
the development stage of waste management in acounty or a region can be stated by
using a few key paraneters without large-scde, on-site suveys. The paraneters are
classfied by using an economic, sacia, legal and ecological perspective. Depending on he
wastemanagement phase, certain waste management measures are appropriate and effedive.
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SUSTAINABILITY

Figure 1: Modelof sustainalde solid waste managemen(fOPIC, 2014)

The ISWM from Topic (2014) model is compo®d of three dimensionsrepresenting the
sustinability process. In order to achieve sustinability, all dimensionsin the model have to
be in motion and conreded to each other. The first green component represents the
environmental dimension of susainability and focuses on key drivers for the
development of waste management, which include the three key physicd comporents: (1)
public hedth, which depends on a good waste colledion service (2) environmental
protedion achieved by controlled waste teament and disposl; and (3) resaurce
management ( ARXs0 T reduce reuse, recycle), which leads to a recycling saiety and
remgnizes waste management as a souce of raw material. The second, blue element
characterizes the institutiom and social sus@inability asped. To deliver a well-
functioning system and to see contributions and kenefits, full participation of all relevant
stakehalders (both ®rvice users and sewice providers) have to be ensued.This asped is
consicered from two perspectives. firstly, the adive patticipation of the users of solid
waste services, which describes how these stakeholders are included in the planning, policy
formation and implementation processes. Sewndy, the provider patticipation refers to the
performance of the system, and the extent to which it sewves al users equitably and
according to their needs and preferences. The institutional/social comporent relies not only
on effedive stakeholder patticipation but aso on the legal framework. Moreover, it
focuses on the implemented legislation and regulation, institutionsand legal requirements
on the national level and on Iaa institutions and their organizational structures and
institutional cgpadty. The emnamic aspect is caegorized as a special component and
presented in red. Susainability of the solid waste management system relies on the assuance
that SWM serwices and activities are costeffedive and affordable. Moreover, without
dired ecnomic benefits, investment and subsides, the waste management system is not
sustinable. To adiieve economic sustinability it is necessary to fulfill two different
criteria: (1) the macro-eacnomic indicators, which represent the overall ecnomic situation
of a country, region or a city and (2) spedfic economicwaste nanagement indicaors, which
give an overview of sustainability in waste management (e.g. costacmunting, system costs
recovered from ugr fees and payments).
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3. RESEARCH METHODOLOGY

The methodolajicd basis for this paper includes an interdisciplinary approach which is
based on the knavledge and experiences accumulated from environmental sciences, natural
and technical geosciences and econamic sciences. The waste management data was colleded
through comprehensive onsite reseach caried out in RS through the researd project
fAWaste Managemaent in the Republic of Sipska 0 The projed applicaion was developed in
cooperation with the Department of Geography and Regional Sciences (Audria) and the
Intemational Assaiation of Scientists AAISO in Banja Luka (BIH) and co-financed by the
Environment Protedion and Energy Efficiency Fund of Republika Srpska. The nmain aim of
the project was to conduct systematic and criticad research, using stuctured data collection, of
the municipa solid waste management in RS, in order to detect, identify and solve the
problems and chall enges which this branch of the econamy has to face In addition, the study
analyzed the generation, colledion, transpatation, recycling and disposl options in
municipal sdid waste management in RS [8]. The main part of the data was colleded
through questionraires, delivered to municipaliti es (62) and waste management companies.
The colleded data was entered into a compuer database and analyzed with the statisticd
program SPSS.In addition to the questionraire and the literaure review, the waste
management data was also colleded by conducting several structured interviews with
dedsions makers, commural enterprises and the civil sedor. The inteviews were
addressed to wide range of active stkeholders within the system. For instance
representatives of the Govemment (Senior Assaiate for Waste Management at the Ministry
of Spetial Planning, Civil Engineeing and Ecology); representatives of locd govemments;
service provider managers (tedhnicd diredors at regional landfill company Ramici in Banja
Lukaand in Bij€ljina; managers of severd commural enterprises; managers of several waste
management companies); NGO and CBO representatives and scientific researchers from
Bosnia and Herzegovina and Serbia (University of Banja Luka; University of Sargevo;
University of Belgrade; University of Novi Sad; Union University).

Furthemmore the methodology used in this paper follows the developed ISWM
methodology[15], where the indicaors and criteria have been identified, suppkmented
and designed around the three modd comporents. The Model encompesses seven
indicators which are selected according to a series of quantitative and qualitative criteria.
The quantitative indicators are based on the origina methodolay (e.g. anayticd
framework) which is tested on numerous case studes around the world. For each of the
criteria comprising a qualitative indicator, there is a device to alow the very different
aspeds of performance - eadh idedly being assessd by its own distinct and tracedle
criterion - to be combined into oneindicator; that way, the resulting overdl perceitages can
be converted back into a qualitative assessnent. The model reaognizes the five phases of
waste management development. Ead phase is color-coded using a fitraffic ligh t sgstem, to
assst with arapid visual assessnent of the tabulated data. The color red indicates areas ofthe
system requiring immediate observation and reformation.

The level of the environmental sustinability is analyzed by a set of quditative and
guantitative criteria. For instance, quantities criteria cover the percentage of the service
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coverage in the tested region, either waste colledion coverage, controlled waste disposa
and treament or share of the recycled waste. In addition, for each component tested there
is the qualitative criterion. Qualitative criterion is composed of several questions neasuring
each indicator separdely, for instance the quality of waste collection, the a@gree of
environmental protedion in waste treament and disposl and evaluation of resource
management.

Further, the sustinability processes in solid waste management cannot be achieved
without the effective participation of relevant stkeholders and a legal framework.
Therebre, the indicaor of participation is analyzed from both sides: user and provider
participation. The indicaor for user participation is measured by the six qualitative critena
for detemining the degree of user participation in the solid waste management system. The
questions are related to user involvement in the planning, policy formation, implementation
and evauation of those sewices, existence of legal rules and regulations which require
consuletion with and patticipation of stakeholders outside the institutonal structures,
existence of user satisfaction measurements, the existence and use of public feadbadk
medhanisms for SWM sewvices, implementation of comprehensive, culturaly appropriate
public educdion, behavioral changes and/or awareness raising programs and level of
involvement NGOs and (BOs dedicated to conservation and environmental protedion. The
secondindicator is related to provider participation. It again encompasss a set of qualitative
criteria measuing the degree to which e@nomicniches in service delivery and recycling are
open and accessibleto non-state stakeholders and normunicipa service providers from the
formal, private, communty or finformal &edors. The second indcaor for measuing the
institutional sustinability is built on two criteria: (1) adequacy of national frameworks for
solid waste management (measures the existence and implementation of the waste
management related legislation at nationa level) and (2) the degree of locd institutioral
coherence (measures the strength of thelocd institutional cgpaati es).

The level of economic sustinability is identified by two indicators: firsty, by the
macro-economic indicators comprising three quantitative ecnomic criterna (1) gross
domestic product (GDP), (2) uremployment rate and (3) inflation rate; secondy, by specific
ecnomic waste management indicators analyzed through a bunde of qualitative questions.
The second indicator includes information related to investments, subsidis, cost acaunting,
affordability of user charges and charging policies.

The final result of the model analysis is the assessment profile consistingof a one-page
sumnary of the kenchmark indicators and suppkementary background data. In addition to
the set of indicaors, the assessnent profile is supplemented by badground information
(name of the researched region, popuétion and the Human Development Index (HDI) and
by key wasteredated data (waste generation per year (t/year), waste generdion per capita per
yea (kg/year) and municipal solid waste compositionwith afocus on nain comporents).

4. RESULTS AND DISCUSSION

The first step in planning sustinable solid waste management is to condict
comprehensive on-site research and obtain the esentia data. Equally important is the
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understanding of the mecdhanisms and factors that currently drive the development of solid
waste management. Thisis acrucial step in moving forward and planning sustainable waste
management systems. Therefore, the key for effective waste nmanagement analysis is a
clear understanding of waste management data, suwch as data about the volures, mass
and nature of each type of waste produced; the collection and transpatation system, and
treamentsand disposl methods.

Municipa solid waste (MSW) presents a significant problem in RS [8,15,19,2(. Current
waste management systems do not follow modem waste management pradices due to
different histaricd, financial and sacia aspects. Fragmentation of solid waste colledion and
disposl systems; inadequate, technicaly and legally unapproved landfills; absence of
treatment tecdhndogies or insuficient numker of recycling centers have contributed to the
present situation. The matena flow diagram, presented in Figure 2, gives an overview of
the municipa solid waste management in RS. As the MFD illustrates, theMSWM involves
a wide range of stakeholders in the system, including dedsion-makers, service providers
and srvice users.
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Figure 2: Material Flow Diagram for MSWM in Repubika Srpska (Topic, 2014)

4.1. ASESSMENT PROFILE

Solid Waste Management in RS is mosty spead between the medium/low and
medium phases of development (Tabe: 1). Significant problems are represented by waste
disposl, particulady the umegulated disposl in severd municipalities as well as the
appearance of a large numbker of wild dumpsin rura aress, and shouldberapidly solved in

61



4™ International Symposium on Environmental and Material Flow ManageimemrM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

order to reduce harmful effeds on humans and the environment. Moreover, the difficult
eonomic situation in the county is a maor obshde to rapid waste management
development. The first geps in buiding a lega framework for environmental protedion and
waste management have been taken. Adoption of numerous rules and regulations in the
county, in acordance with the EU diredives, and adoption of procedures for setting
up regional sanitary landfills, has fadlitated a comprehensive approach to waste
management. Despite the non existent legislation in separae waste colledion, there have
been same positive improvements in waste recycling, mosty through the initiatives by
private waste companies and the informal sedor. However, the lack of data colledion and
incomplete knowledge about waste streans pesent a constuctive challenge for further
strategic planning. The existence of waste data is a prerequisite for steeling the county
towards advanced waste management. Waste recycling will have to become an essntia part
of waste management in RS, particulaly when the county speeds up the process of
approximation to the European Union, fulfills the demands made by EU policies and
legislation, and notably EU directives, thtet impad diredly on waste management options.
These include requirements within the Landfill Diredive to reduce dependency on landfill
for biodegradable waste, and policies that suppat the waste nmanagement hierarchy of
optionsand notbly support wastereduction and reavery.

Table: 1: Assessment profile of MSWM in Republika Srpska. (TOPIC, 2014)

Assessment profile

I I Background information
Name of the country/region | Bosnia and Herzegovina/ Republika Srpska
Population | 1,326,991

Human Development Index | 0.733 > Health 0.78; living standard 0.62; education 0.72
Il. | Key waste-related data
Waste generation | 376,438 tons (2012)

Waste per capita | 263 kg/year
Waste composition (main components) | -

. Profile

Low/ MEDIUM/
ENVIRONMENTAL Low MEDIUM HIGH
No. INDICATOR NAME MEDIUM HIGH
COMPONENT

Environmental sustainability

Waste collecti
1 aste collection )
3 coverage
Waste collection =
1.0 Quality of waste 0
i collection service :
Controlled treatment or
2 disposal rate ®
Waste treatment - -
ddi I Environmental quality of
2. anc.cisposa waste treatment and ®
disposal
3 “3 R’s” —reduce, | Recycling rate 9)
reuse and recycle | Quality of “3R’s”
3.q provision ©
Institutional/social sustainability
User participation O
4, Participati
ArRclpation Provider participation Q
National level Q@
5. Legal framework
Local level
Economic sustainability
GDP )
6. Maf:ro:econom:c Unemployment rate - )
indicators - e
Inflation rate ) <
Y f fi |
7 WM indicators Degree of financia ©

sustainability
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5. CONCLUSIONS

The results of the current state analysis have showved that municipal sdid waste
management (MSWM) presents a significant problem in RS. Current waste management
systems in RS do not follow modem waste management pradices due to different
histaricd, financial and sacia aspeds. Fragmentation of solid waste colledion and
disposl systems; inadequate, technicaly and legally unapproved landfills; absence of
treament technologies or insuficient numbker of recycling centers have contributed to
the pesent situation. Using the benchmark methodolayy, based on environmental,
institutional and economicd sustinability, the MSWM in the researd region is analyzed
and as result the assessnent profile is presented. The results of the evaluation show that
MSWM in RS is mosty spread between the nedium/low and medium phases of
development. Severe problems are identified in the waste disposal, particularly unregulated
disposl in severd muricipalities as well as the appeaance of a large number of wild
dumpsin rurd area. These problem areas should be dealt with urgently in order to
reduce harmful effects on humans and the environment. One of the main obgades for the
further development lies in the difficult economic situation. However, positive steps
toward sustinable development have arealy been taken. The building of a lega
framework for environmental protedion and waste management at national level is
identified as medium/high. Numerous rules and regulations in the county, in
accordance with the EU diredives, have been adopked, creating the foundhtion for
future plnning. Furthermore, the positive improvements in waste recycling, mosty
through the initiatives of private waste companies and the informal sedor, show that the
service providers have reagnized the kenefits to begained from theraw materials market.

Furthermore, the model cleaty illustrates the problem of poor legal enforcement.
Although the basic environmenta and waste management laws are implemented, the
poor waste collection coverage and urcontrolled disposl are present in the region. The
entity is deficient in cagpacity to manage complex arrangements with private investas.
The private public partnerships (PPP)in the waste management ssdor are rare causing
lack of new investmentsin new infrastructure and capadty. This is leading to a deficiency
in the development of skilled labor, sothat there is a critica need for training and tranger
of know-how. Another problem area identified by model is the financial viability of
commural enterprises which is impared by inadequate cost acouning and low
payment rate of provided sewice The combiretion of these two factors produces a
devastating effect on the economicviability of the waste nmanagement sector.
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SUSTAINABLE COMPETIT IVENESS OF UNIVERSITIES IN TERMS
OF GLOBALIZATION AND INTERNATIONALIZATION OF HIGHER
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Abstract: This article considers one of the most important modern tendencies
internationalizatiorr in the field of higher education, its basic forms and characteristics such
as mobility of students and lecturers, intéior@alization of curricular, setting up international
networks of higher educational establishments, export of educational services and their
influence on competitiveness of regions and countries.

Keywords: internationalization of higher education, dgats and lecturers’ mobility,
competitiveness

Nowadays one should notice the significance of changes occurring in all life spheres of
the society and the importance of their consequences. One of similar changes concerns
internationalization of higherdeication. As world experience shows today more and more
countries consider their presence in the forming global educational field as one of priority
strategies of their development. Russia is not an exception to this vector of changes. Thus, one
of main paameters of the Concept of the letegm social and economic development of the
Russian Federation till 2020 is getting revenues not less than 10 per cent of the amount of
financing the educational system from foreign students studying at Russian higtesicathl
establishments[1].

The development of business and economics internationalization in the field of higher
education made society face new aims:

- training professional personnel capable to work effectively in the changed market
conditions;

- increasing financial incomes through attracting foreign students to pay for their studying;

- expanding curricular and educating national students in foreign Univergigesers;

- extending regional networks of Universities for effective application of @sources;

- improving the quality of education and research due to participating both students and
lecturers in the international process of knowledge exchange;

- organizing team research projects, different curricular both for lecturers and students,
special curricularr for foreigners.
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But first of all it's necessary to define "internationalization”. According to Webster's desk
dictionary "internationalization" implies "the principle of cooperation among nations for
promoting their common goods" in gaal and educational services in particular [2].
Internationalization of higher education means the process where the mechanism and
functions of educational services have an international character. Internationalization of
higher education is directly coaated with the state policy solving political, economic, social
and national problems.

In other words, internationalization of education is the basis of the universal educational
process taking place on two levels: internal (students and lecturers'typgdalitnership in
research) and external (transcontinental education).

In many counties today contemporary educational systems are subjected to integration.
The advantages of this process are evident and result in the following: increasing academic
mobility, uniting resources, avoiding duplication in research, exchanging and improving
curricularr, unifying teaching methods, expanding cultural horizons of national students and
lecturers due to the presence of foreign ones, attracting additional investoehis
education etc.

Besides, firstly, internationalization of higher education is vital for the countries that are
leading in this field in order to sustain their status; secondly, it helps Universities to transform
into new categories; thirdly, it ian object of state policy aimed at achieving economic and
geopolitical goals.

Signing declarations in Sorbonne (1998), B
resulted in creating a single European higher educational area, increasing citizensy,mobili
improving quality of education, placing graduates in jobs, raising potential competitiveness of
higher vocational education and Universities, i.e. saying in one word, doing all that
correspond to the requirements of global modern labour market. Iith woticing that
graduates' success in the worldwide educational market is directly connected with delivering
lectures in foreign languages and including them in the universal research system.

The main aim of signing Bologna declaration was agtivot the European higher
education system on a global scale. The declaration points out the following clauses:

- accepting a system of comparable degrees including appendix to diplomas for providing a
possibility to place European citizens in jobs andeaasing international competitiveness
of the European higher education system;

- launching twecycle education: undergraduate and graduate. The first cycle lasts not less
than three years, the second should finally result in magister or doctor degree;

- introducing a European system of transferring lalmmnsumption units for supporting
largescale students' mobility (credit system) that enables students to choose subjects.
This system is based on a European credit transfer system working in the colhtiépt "a
studies”;

- developing mobility of students, lecturers and other personnel taking into account the
time period spent by them working in Europe;

- assisting European collaboration in controlling education quality that is aimed at working
out comparhle criteria and methods;
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- introducing inside University systems of education quality control and attracting students
and employers for external estimation of Universities' activity;

- assisting European paradigm of the higher education developmerg iielith of the
contests of curricular, mobility schemes and cooperation between Universities, practical
training and conducting research [3].

. Mutual understanding approach is based on-tenyg political, academic and cultural goals

of the country's evelopment. The main principle of this approach is international
cooperation rather than competition. That's why realizing such an approach is possible
through supporting students and academic mobility, allocating scholarships and realizing
programmes of @demic exchange as well as programmes aimed at creating international
partnerships in the field of higher education.

. Skilled migration approach is based on attracting elite and talented students to work in the
accepting country as a means of providihg economic development and increasing the
country's competitiveness in knowledge. This approach is connected with visas and
migration legislation. That's why realizing such programmes occurs through special
agencies and organizations.

. Revenugyeneréing approach is based on two previous ones. But in this case educational
services are given completely for money and allocating state subsidies is not taken into
account. Foreign students bring additional revenues to the educational establishment,
stimulaing Universities realize entrepreneurial strategy in the international educational
market. On the other hand, Universities get considerable autonomy, high reputation, good
defense of foreign students for the part of the government.

. Capacity building @proach enables to get higher education abroad or at Universities giving
foreign educational services. The main instruments of such an approach are curricular for
supporting foreign mobility of lecturers, scientists, researches, students as well as
providing foreign Universities, curricular and lecturers with favorable conditions for
commercial educational activity in the country. Such an approach supports the creation of
partnerships with local "suppliers of educational services" to transfer and exchange
knowledge between national and international higher educational establishments [4].

All aforesaid emphasizes the fact that in modern life internationalization is becoming vital

necessity for Universities and it's interconnected with the quality of exteand given
educational services. Besides, internationalization of higher education should become one of
the ways of overcoming conflicts, distrust, developing cooperation between countries, i.e.
intensifying the role of education as an instrument otthentry's foreign policy.

Students' mobility is sure to be the most popular form of internationalization of higher

education. It implies moving students to study abroad. According to the data of Organization
of economic cooperation and development mbanta million and a half foreign students
annually study in all corners of the world. The majority of European countries have a regular
and stable intake of students from their colonies, e.g. youth from Latin America strive to get
their diplomas at Univeities of Canada and the USA.
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According to the data given by UNESCO the
has grown for the |l ast 25 years by 300 per c
studying abroad was 2,8 million but b§25 their number will be 4,9 million [5].

To confirm the role of internationalization of higher education it's worth representing
opinions of foreign experts. E.g. D.Lain asapervisor of transnational research group in the
field of higher education Ollmgy University (New York) considers that that there are two
main reasons making governments control internationalization of education in their countries.

The first one is economics development, such
economys $15 bln. a year, in the USA ités $21b
field. I nternational education results in t
brainso, helps attract internattioonal i nvest

The American expert concluded that governments should strive to focus on the
development of international education; get interested in the situation occurring inside the
whole educational sector rather than its separate institutes and come fréamt ttieat the
mai n mechanism of the countriesdéd devel opment
rather than education [6].

The representative of the association of academic cooperation |. Ferenz (Belgium)
accentuates the speed of internationalizat@n higher education and says that this
phenomenon happens differently in various countries. Then he notices the a smaller part of
the European countries have internationalization strategies on the national level (Norway,
Denmark, Finland, Estonia, the therlands etc.) but in the majority of European countries
many initiatives in the field of internationalization are supported on the EU level.

E. g. in 2009 the European educational mar k
world. However, thee is a great difference between some European countries. Great Britain is
considered to be the most popular country with foreign students for getting Ph.D. degrees. For
exchange students prefer Spain. About half foreign entrants in Europe are repveseofati
nonEuropean countries, though European students choose more and more countries inside
the EU to get their degrees. In 2013 the EU planned to finish working out the
internationalization strategy. It meant cooperation with the countries outsidé tHgyE2020
about 20 per cent of European students plan their studying and training abroad.

The European Union offered special scholarships and curricular stimulating students to
study outside their own countries. E.g. up to 80 per cent of all stude@Gieat Britain, the
USA and Canada are foreigners. Thus, in Cambridge their amount is above 15 per cent, in
Oxford 7 25 per cent, in the University College in London one third of all students are
foreigners [5].

During the last decade demand for higher atioo has grown considerably in the world,
its significance is rising and hence, competitiveness of Universities in offering unique
educational services, training specialists of the international level, achieving Universities their
strategic goals grows ¢o One of such wide spread and accessible ways to get higher
education abroad is an-dine system.

The dynamic development of dime education, modern IT made national boundaries
between countries clear for getting and giving educational services.eBgsite global
educational market that has already been formed and that is offering educational products and
services to all students at once does not limit itself with the national boundaries either. To
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prove this fact itds wdinandal Times) QS Vond Unigerstya mo u s
Ranking, THES, ARWU, Webometrics and others include today not only Universities form
the USA but ones from Canada, Spain, France, Great Britain, Switzerland, Singapore, Japan,
South Korea, Hong Kong, China, Austral@ermany, Belgium, the Netherlands, Sweden,
Finland, Denmark, Ireland, South Africa, Taiwan, New Zealand, Norway, Israel, Turkey [7].

Employers in many European countries pay more and more attention to studying
experience, life and work abroad of the &goits while employing them as it says of their
adapting, skills, outlook and abilities to communicate with the representatives of different
cultures.

In the opinion of experts from the Business Schools Association (Great Britain), the main
factorsforhe studentsdé choice of Universities are
career promotion (35,5%). These factors are the main and they let neglect the rest ones [5].

Similar processes take place in Russia too. E.g. international fairs of MBisutar,
target programmes of financial help of the leading European business schools working in
terms of the international competition for Russian MBA students are held in Moscow and
other cities. Such curricular as IRSE (Spain), INSEAD (France), LB8a{@@ritain), ABN
AMRO (the Netherlands) work in Russia. One c
English Universities and Business Schools either.

These Business Schools compete to attract Russian entrants not only with other Russian
Universitiesbut also with foreign ones and their mediators that offer their curricular in the
Russian market. The more stable a situation in the political, economic, social, legal and other
sectors in Russia is, the more interesting and attractive the Russian edlaagoket for
foreign Universities is and Russian Universities must also be ready for competing for the right
to be chosen.

The chief member of staff of scientific of the Institute of the Far East of the Russian
Academy of science N. Borevskaya thinks #ttitude to internationalization in Russia is like
the market that must be controlled and run. In her opinion, today Russia has rather weak
positions in the field of internationalization but the reasons are not economic. E.g. China
started this processdim a very low level but it thoroughly worked out internationalization
concepts, state strategy in this field and today progress in this country is evident. Though
Russia is a member of Bologna process it is still intensifying its internationalizaticespesc
in the East, in this way itds Eurasi a.

To the mind of the department Head of the global integration of the Ministry of science of
the Russian Federation |. Prtotsenko, the measures Russia takes today to support
internationalization of education earthe following: forming main Universities (the whole
amount of extra financing is 27 bIn. rubles); preparing curricular of Russian citizens abroad,;
agencies for strategic initiatives; reforms in the fields of diploma admission of foreign
Universities; tansferring to qualification estimation; international cooperation of some
Universities [6].

Such a vital problem in Russia can be solved by Federal Universities. They are nine today:
Baltic Federal University named after I. Kant, f&ast Federal Univeltsi, Kazan Federal
University, North (Arctic) Federal University named after M.V.Lomonosov, NB#ht
Federal University named after M.K. Ammosov, Ne@thucasus Federal University, Siberian
Federal University, South Federal University and Ural Federaldgsity named after the first
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President of Russia B.N.Yeltsin that is located in the capital of the Urals, the city of
Yekaterinburg.

Ural Federal University was established to realize the concept of thetelong
development of the Russian Federatioroae of global leaders in education, research and
innovations. It has agreements concerning collaboration with more than 345 Universities and
organizations. Geography of its cooperation seizes the countries of all the continents: Europe,
Asia, South and Nd¢n America, Africa and Australia. The University has a more active
cooperation with Universities from Germany, Austria, Italy, the Netherlands,Htaspean
countries, the USA, Mongolia, South Korea, CIS countries.

The mission of the University is inciag competitiveness, forming personnel, scientific
and technical potential, renewing traditional and developing industrial branches of economy
of the Ural Federal district.

One of the main strategic goals of the University's development is internatatiadi of
the educational process that includes attracting foreign students and lecturers; providing basic
positions in international research and participating in many innovation directions. In future
the University must become one of the leading intellccentres, a centre of transferring
technol ogies, a geopolitical factor of- RussiI
East Asia.

Ural Federal University is weknown both in Russia and abroad that can be confirmed by
the data of nationadnd international University Rankings. E.g. according to the QS World
University Ranking in 2011 Ural Federal University took a position that was 100 points
higher than in a previous year. It was due to joining two biggest Universities in the region
(Ural state University named after M. Gorky and Ural State technical University) and
correctly chosen priority activity: uniting their educational, scientific and innovative potential
in the interests of the Ural 6s ndnegvel opment a

In 2012 the University confirmed its position in group B0 of QS Ranking that
included 729 Universities. It occupied the leading place among Federal Universities and the
sixth among all Russian ones following capital Universities. The mainriaritef its
competitiveness estimation are reputation in the academic field, quoting publications of its
staff, empl oyerso6 attitude towards graduate
number of foreign students and lecturers, i.e. all that ezoscthe problem of University
internationalization.

Ural Federal University was also highly appreciated by national rankings. E.g. V.
Potaninds charity fund makes its own ranking
work of Federal scholanip and grant programmes for young lecturers. The ranking results of
20122013 academic year show that Ural Federal University was one of three best national
Universities. This ranking has been published annually since 2004 and is considered to be one
of the best authoritative independent quality estimations of 58 Russian Universities.

In 2013 the University was one among 15 chosen by the Ministry of education and science
of the Russian Federation by the results of public contest for getting subsidiesemse
international competitiveness and get in Td)® of global University rankings by 2020.

Ranking also concerned CIS countries. By results of this ranking conducted 01.03.2014
Ural Federal University took I8place considering the following inditors: amount of
students, conditions for getting qualitative education, a share of foreign students, research
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activity &etc. And by results of rankings ¢
agency that was held in Moscow Ural Federal University wealsided in topl0 of Russian
Universities [8].

Better positions of Ural Federal University resulted from strengthening international
integration. Its popularity with foreign students grew, financing for one student increased that
was connected with joing University a group of higher educational establishments that get
state subsidies to increase competitiveness.

Last years the number of foreign students and postgraduates studying at Ural Federal
University is growing. It is shown in table 1.

Table 1.A number of foreign citizens studying at URg@deralJniversity

2009/2010| 2010/2011| 2011/2012| 2012/2013| 2013/2014

In all: 564 800 1023 903 1016
Among them:

Preparatory department 9 106 109 141 256
Students 551 682 907 750 745
Postgraduates artichinees 4 12 8 12 15
Among them:

Free 66 64 86 121 134
Contract 392 597 637 515 611

According to the information offered by the International department of the University, in
2014 students from 43 countries study here in different forms:dbudgntract, academic
changes. In near future there are some backgrounds to suppose that this tendency will be kept
and the incomes that University will get from teaching foreign students will increase.

Ural Federal University has already trained moanttwo thousand specialists for Asian,
African and European countries. The majority of foreign students are from Uzbekistan (120),
Kazakhstan (251), Tajikistan (118) Kirghizia, Abkhazia, Mongolia, China (176). Figure 1
shows the number of foreign studestsidying in Ural Federal University since 2011 till
2014.
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Figure 1. Number of foreign students studying at BederalUniversity 2011- 2014

The majority of foreign students study at humanitarian institutes: Institute of Humanities
and art, Institte of social and political sciences, Higher School of Economics and
Management. A bit fewer foreign students prefer to study at technical institutes: Ural
energetic institute, Radio Institute etc. [9].

One should notice that a great number of students fnee country or region can result in
definite difficulties for the University. E.g. some years ago there were a lot of students from
China in Great Britain that resulted in the problems connected with epidemic of pneumonia so
as a result, British Universés could not have had students at all.

In many countries Universities try to combine training foreign students and expanding
their activity in the field of offering their own educational services in perspective markets
establishing branches abroad. Thendency shows a shift in internationalization from
demand to supply. If the country where the branch is located admits a foreign diploma thus
students can study according to curricular of a foreign University from entering to graduating.

Similar acts a conducted by management of Ural Federal University. Nowadays it
actively promotes University within the limits of internationalization of higher education in
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the countries where there is demand for forming a system of engineering and technical
educationresearch and educational activity. But it's worth mentioning that it takes about from
ten to fifteen years to form a complete University branch network.

The main goals for making a branch of University networks are the following: expanding
geography to féer educational services; developing a system of searching, recruiting,
choosing talented entrants and students; making business contacts to exchange technologies
and conduct team research. Thus, according to the Programme of the development of Ural
Fedeal University named after the first President of Russia B.N.Yeltsin till 2020, it is
planned to open Head University of Shanghai cooperation organization in limits of University
networks in 2016 [10].

Branch networks in the countries with fast economigettimment must be built on the
basis of Universitypartners. And in shoterm period University should set up bilateral
partnerships then form partnership networks in different fields of knowledge with leading
Universities abroad. Such partnerships musivide the following: visits and lectures of
famous professors, combined educational modules and courses; simplifying a procedure of
students' exchange; programmes on team research etc.

Creating such networks are a good step towards internatiomatizatihigher education
though, on the other hand, similar branches can be considered by national educational
establishments as interference into the national system of higher education and national policy
as they offer curricular in foreign languages ontarials of a different market and can be
offered only to weklto-do students.

As a rule such a form of internationalization of curricular is typical for developing
countries. E.g. a Dutch Institute of hotel management (Leeuwarden) made whole networks of
its curricular called "global campus". Curricular of this Institute are offered in Qatar,
Indonesia, Aruba and other countries practically without any changes. Ural Federal University
make the same things in CIS countries, Abkhazia, South Ossetia.

Accordng to the Programme of the development of Ural Federal University named after
the first President of Russia B.N.Yeltsin till 2020, within limits of internationalization of
higher education it is planned to set up global cooperation with foreign Uniesriait are
strategic partners of Ural Federal University in the following main formats: working out and
realizing interUniversity curricular; conducting research on the international level; launching
team venture projects etc. In 2016 students will geetrnational (European) appendix to their
University diplomas.

One can't help mentioning one interesting fact that conditions of entering Ural Federal
University are different for foreigners. E.g. entrants from Turkmenistan enter the University
via repesentatives of their country in Russia. As a rule students from such countries as
Belorussia, Kazakhstan, Kirgizia, Tajikistan are children of management of companies and
enterprises.

Students that come from abroad pay for their education. Entrants froneaGhave a
contest called "100 scholarships of RUSAL". Annually about three thousand entrants are
tested and only one hundred get a chance to study in Russia: 22 study at Ural Federal
University, 22 enter Mining Academy in Yekaterinburg and the resy stuloscow.

74



4™ International Symposium on Environmental and Material Flow ManagemeMFM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

Only the best employees of different Mongolian enterprises who got a bachelor degree in
their own country have a chance to come and study at magister courses at Ural Federal
University. As a rule they are sent here by the Ministry of edutatio

Entrants from Africa (Egypt, Yemen and other countries) enter Ural Federal University on
the basis on agreements concluded between countries. The Russian Ministry of education
invite these entrants to study in Russia.

The majority of foreign studentsoming to study at Ural Federal University do it by
recommendations of their friends and relatives. To attract more foreign students the
University began cooperation with different recruiting agencies where it is actively advertised
as well as its scientd, educational, cultural, sport and other forms of activity.

Speaking about the forms of internationalization one can't help saying about lecturers'
mobility. It's a tradition that staff's mobility is connected with their research. Like students'
mobility it has considerable differences in geography. On the one hand, there are countries
that attract such personnel deliberately with the aim to expand their system of higher
education, Hong Kong is an example. On the other hand, there are countries witlezelo
of staff's internationalization. As a rule these are the countries with a high level of national
homogeneity, using only their native language in teaching and that experience some
difficulties in finding specialists knowing foreign languages. Thius,USA and Great Britain
are main exporters of scientific personnel but at the same time the departments of Universities
of these countries are very attractive for foreign specialists.

Ural Federal University is also very active in attracting foréégturers and researches. It
can be confirmed by the following dynamics: in 2011 the number of foreign lecturers was ten.
Those were specialists from Germany, Austria, Norway, France, Denmark, Italy. In 2012 the
number increased to 138 and they represeBfecountries. The University also launched on
line technology of attracting foreign lecturers. The amount of specialists attracted in this way
was ten.

Professors, lecturers, researches, experts of Ural Federal University intensively cooperate
with Universities and research centres of Europe and the USA delivering lectures, conducting
combined research and educational projects, setting up partner relations. Among such
Universities one should pick out the following: Johannes Kepler (Austria), Fedexedrilty
of Rio de Janeiro (Brazil), City University of London, Fredric Sheller University, Technical
University in Munich (Germany), University of Delhi South Campus (India), University of
Seville, University of Granada (Spain), University of Turin, MilBolytechnic University
(Italy), University of Western Ontario (Canada), Technologic University of Harbin, Beijing
Technologic University (China), Seoul Cyber University, Korean Institute of science and
technology (Korea), Higher school of business (Latvi&unas technological University
(Lithuania), Mongolian national University (Mongolia), State University of Erevan, Erevan
state University of building and architecture (Armenia), Tajik technical University named
after M.S.Osimi (Tajikistan), State Uniwty of Florida (USA), Donetsk national technical
University (Ukraine), Technological University of Lappeenranta, Universities of applied
science (Finland), Brnyansk technological University, Higher school of Economics (Czech
Republic), University of Sciere and technology of Hanoi, National University of Hanoi
(Vietnam) and many others [9].
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Similar processes are directly connected with intellectual migration, i.e. migration of
researchers and lecturers of high qualification who are really and potemmtiadlyed in
working out and research. The main reasons of intellectual migration are the following: a
possibility to get extra experience and do work that is not accessible in Russia.

There are two concepts of intellectual migration:

1. A brain exchangeoncept explains migration of people by searching for a new place of
their being employed considering their qualification and experience. Both brain gain and
brain drain are typical for all economies and suppose bilateral exchange of information
about thesituation in the countrgxporter and the countignporter. This information can
be about labour markets, finances, product markets, living conditions.

2. A brain waste concept considers intellectual emigration as net loss for overall labour force
of the countryexporter. The outflow of qualified personnel is considered to worsen the
ability of the country to develop in a social and economic way that finally results in
decreasing life level there.

There are a lot of criteria to estimate internationabmatof higher education. Good
indicators of these criteria say about good University life and activity, about its
competitiveness and future perspectives of development. One of the main criteria used for
estimating higher educational establishments in wweld rankings is quoting. By this
indicator Ural Federal University takes a leading position among universities of Ural Federal
district. During the last years staff of the University publish more than 1200 articles annually
that are taken into accounttime basis of Web of Science and Scopus [10].

It's worth emphasizing that by the majority of main characteristics Ural Federal University
named after the first President of Russia B.N.Yeltsin today leaves considerably behind its
competitors inside the catry. Thus, according to the estimations of Universities and
Scientific Associations internationalization indicators in this University are the best in the
region. Representatives of these associations estimated ten Universities of Ural Federal
district bythe following criteria:

- Universities whose personnel are active in realizing team research projects with foreign
Universities in the fields known to you;

- Universities whose students and postgraduates are active in participating in international
sciertific events, research, trainings in the fields known to you.

The result of this estimation was a comparative level of perception of the following
Universities:

A - Ural Federal University named after the first President of Russia B.N.Yeltsin
B - TumenState Oil and Gas University

C - Tumen State University

D - South- Ural Sate University
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E - Perm National Research University

F - Ural State Medical Academy

G - Ufa State Oil technical University

H - Perm National Research polytechnic Universit
| - Chelyabinsk State University

J- Orenburg State University

Ranking Universities of Ural Federal district is shown in figure 2 [11].
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Figure 2. Ranking Universities of UrBkederalistrict

In conclusion it's important to say that evemountry works out its own
internationalization strategy coming from its own economic and political possibilities taking
into account sizes, geographical position, history, culture, quality and distinctive features of
its system of higher education, thedaage role of the country in the world and experience in
the sphere of international cooperation.

Internationalization of education is considered by countries both as an object and a subject
of state purposeful policy aimed at solving definite nationalitipal, social and economic
problems. The international character of activity not only enriches educational process due to
cooperation and "collision" of different cultures and traditions of management but also makes
the specific environment of success §raduates whose business connections are spread and
will be spread much further the boundaries of the Urals in particular and Russia on the whole.
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Abstract: Mining power complexo Os| omej 0 i n Kicevo is a therm
an annual production of about 700M&. Oslomej uses drinking watésr operating of the
steam boilers.Since drinking water does not meet the required criteria for the working of
steam boilers, it is necessary to be chemically treated. The cidme@tment is consisted of
two differentprocedures: decarbonation and demineralization. Decarbonation is performed in
quick concrete reactor accelerator with a solution of Ca(OH)and Fed, and
demineralization is performed using iomodifiers As a result ofthe process of
decarbonation,thlee i s © partial water refill which re
process of demineralization there is a complete removal of the mineral substances, so that the
tot al wat er hardness i s is (ess thang(@,2ermgd., afdezh ma n (
conductivity (0) i's smaller than 0,5 €S/ cm

recommended intensity of the flow of filtered water is-460 ni/h. The analyses of drinking,
decarbonized and demineralized water are made daily. This paperdssitre chemical
treatment of watef o r st eam b oi.lTheresareishownfihe gdsultsnfeoim ohe
analysis of drinking, decarbonized and demineralized water in randomly selected days.

Keywords: decarbonation, demineralizatisteam boilerswater
1. INTRODUCTION

About 96% of the total domestienergy productionn Macedoniais provided by AD
ELEM. Power plantsare used for production of approximately 5000 @W¥f 80% of the
total energy, while hydro plants contribute for about 1200 GW/h. Thérilbation of the
mining - energy factories in Bitola and &@vois approximately 8% of the total energy
provided These thermal plasise coaks primary fuel. Thaveaage calorific value is 7660
KJ/kg. "Oslomej, miningi energy planin Kicevo, has nstalled capacity of 125 MW, and
the net anndgroduction is 700 GWY [1].

This power plant usedrinking waterfor the steam boiler operating.céording to its
chemical compositignthis water does not matcthe steam boilersieeds It contains
ingredients thatcreatea residue irboiler plants cause corrosion of the boiler material and
cause water foaminfR]. Thereforecomes to lower utilization, higher costs and less job
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securityusingsteam boiles. Precipitate in boilgplants is due to the presenafesoluble salts
of calcium and magnesium the water [3]. The solid crystallinprecipitatewhich occurs on
the heated surfacof the walls of the boiler isalled boiler stone andolloidal irregular
precipitates called boiler mud.

The water used fateam boilers need to meet the following conditions:

- Must not contain iron and coppdrecause the presence of hydrogen and oxggeses
corrosion

- Water fortressof low pressuresteam boilerdias to be< 0, 05 UD, and for h
boilers <0,02 UD

- The content of O2 has to be <0,02 mg/L because of caused corrosion of boiler

- Do not have to contain organic materials, because they cause water foaming and the level
of water could not properly be controlled

- Free HCO;s should not be included, besmuof the number of changes in pH

- H4SiO4 should not be included, because it creates a solid stone

- The mast suitable pHor high pressurgvater boilers is

There is a need of physical and chemical treatments to remove the unnecessary
components fromvater or to reduce their amounts to the minimum acceptable value. Physical
treatment comprises the processes of deposition and filtration, while the chemical treatment
consists of two different procedures: decarbonation and demineralizatior]. [4
Decartbhmat i on i s a process that removes carbonat
steam boil ers, because the value of the ha
technological and the process of cooling. Its usage in steam boilers shouldwedddy the
process of demineralization, or removal of all salts, carbonates and non carbonates.

Decarbonation can be made using different chemical elemenifSylaNaOH, Na,CO3
and NaOH NaPQ,, Ca(OH), NaPO, and Ca(OH), Ca(OH) and FeCk etc
Deminealization is performed using ion modifiers, which may be cationic and anionic.
Cationic modifiers exchange the cations, while anionic modifiers exchange the anions [8,9].

2. MATERIALS AND METHOD S

Mining - energy pant "Bitola" usesdrinking waer from he source "Studencica" as raw
water. This water does not meet the required criteria for steam boilers and theasefore
chemically treated [10]. The water is first collected in a conaextervoir with a volume of
1000 ni. This reservoir is located abottee Mining Energy Plant "Oslonfeandbecause of
the gravity there is a movement of the water frim regrvoir to the acceleratoiThe
accelerator is a & concrete reactor in which is performed the process of decarbonitmn
capacity 6 the acceleratr is 380480 ni/h. The speedvhich changes the capacity of the
accelerator shdd not be higher than 2040 nt/h. If this speed is higher than 4C%m, the
deposition willnot be successful anthe water that comes out will occgreater amount of
non-precipitated particles
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The process of decarbonation is performed using Ca(@ht) FeC] as coagulast The
solution of Ca(OH) is prepared in separate tanks and its concentration is atéo¥. 3 he
density of this slution is approximately 1,055 gi’. The accelerator solution of Ca(Okils
transferred byumps from these tanks. Prepared solution of CafGktuld always be mixed
usingspecial blenders. For 24 houtss spent around 700300 kg solution of Ca(OH) The
greatest amount of Ca(OHs consuned in summer anthe lowest in winter. The reason is
thatin summeris consumed the highest amountdeicarbonateavaterfor cooling the plants
i n A Osl|l omej o0. Do s i nygn thehaecelesatorl mustibe parried fout Ca ( O
continuously. Changing thamount of solution ofCa(OH)} depends on the change of the
capacity of the accelerator. Dosage amount of solutid€@a@DH) in the accelerator depends
on the value of alkalinity "p" and alkalinity "m" dhe water in the accelerator, which is
constantlymonitored. Alkalinity "p" of the waterin level 1 shald range from 0,2 0,4
mVal/dm®. When 2p = m, the decarbonatianproperly executed anGa(OH) is exactly
balanced When Ca(OH) is added in excess, 2p> m, and when 2p <m, thesslded a
smalkramount of Ca(OH) than necessarynder the conditiomf excess ofCa(OH) there is
a reaction betweei€a(OH) and atmospheric CQwhich creates CaCO3. When 2p <m, or
Ca(OH) is added lesshan necessary, decarbonatisrincomplete andollows a process of
salt precipitation in the condensehus reducing thermal tatation. Using the process of
decarbonation there is mainly a removakafcium and magnesiuilticarbonatesaccording
to the following reactions:

Ca(HCO), +Ca(OH), =2CaCQ,+2H,0
Mg(HCGO,), +Ca(OH), = CaCQ, + MgCO, + 2H,0
MgCQO, + Ca(OH), = Mg(OH), + CaCQ,

CO, +Ca(OH), =CaCQ, +H,0

FeCk is a coagulanand it should be added continuously. If you stop adding F-¢iad
outlet water from the accelerator will skyrocket the amount of sedimesécHrbonation is
done correctly, the water that comes out of the accelerator is cleds &ontkess is less #n
3, 5 U Pis prepaee@ in the form of a stion with a density of 1,006 gt®. For 1 ni raw
waterit is spent20-30 g FeCJ as coagulant. For 24 hours, depending on the quality of raw
water, it is consumed about 780 kg coagulant. Sludge removiigperformedin every 4
hours. The precipitate is removed simultaneously from botkesandis collected in two
reservoirs. The volume of one tank is ®8. Piping after removing sludgghould be rinsed
usingdecarbonized watdo avoid their blockagelo reducethe water losseshere is a need
the clear water reservoto be turned back to the accelerator after sludge remoSewjment
from the bottom of the tank is disarged

Purification of water by mechanical impurities is done by sand filters. Tecitg of the
filter depends on the consumption of water. Sand filters are Eiyegtavel which granulation
is 2,63,0 mm, and the amount of sand filtration is 1,4 m. Mvater passes through the sand
filter, mechanical impurities are retained betwesand grains. If the water contai more
impurities impedes the passage of water through the filter. Therefore it is necessary to rinse
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the filter. The filter is rinsed bydecarbonized watethat is worn by the pump from the
decarbonizeavater tank. The recomended intesity of the water flow is 4®0 ni/h.

The demineralizatioms perfamed using ion modifiers. There are usedious typesof
cationic and anionic modifier©ver the period aheanalysis it is used theationicmodifier
K-1 filled by ionic modification table LEVATIT $100 andanioric modifier A-1 filled by
ionic modificationtable VOFATIT SBK. The heightof cationic modifieris 1 m, and the
amount is 0,8 rh The height of the ion modifier is 1 m andhe amount isl,1 n¥. lon
modifiersare regenerated, catiorace regenerated lgoncentrated HCI, and the aniomie
regenerated bgoncentrated NaOH.1].

3.RESULTS AND DISCUSSION

The Mining - energy Plant "Oslomej" daily perfosnanalysis of raw, deineralized and
decarbonized wateiRaw water isdrinking water that is collectedin concrete tanks over
mining - energy Plant "Oslomej". There is an analysisdie f ol | owi ng par am
alkalinity "p" and "m", total hardness (TH), calcium hardness (CaH), magnesium hardness
(MgH), carbonate hardness (KH),*feCl, SO2,3Si0,, KMnO; etc. fible 1 shows the values
of the important parameters in rough arat

Table 1.Important parameters in raw water

date a (Os pH TH (( p/m Sio,
(mVal/lL) (mg/L)

28.12.2012 157 8,1 6,2 0,00/214 2,70
13.02.2013 144 8,0 6,3 0,00/22 2,95
28.03.2013 135 7,8 52 0,00/21 3,19

In table 1 is shen that the raw wat from 28.03013 has the highest value for gi@nd
the | owest for O, pH, TH and p/m for the th
the year there is a greatest rainfall and snow melting, which increases the amount of water in
the sourcesRaw water is taken in accelerators where the process of decarboxylation is
performed. The process of decarbonation is taking samples for analysis in every 2 hours. The
sample is collectk from three different places: level 1, level 2 andel 3. Level lis the
lowest level, and level 3 is the highest level of the accelerator. In every 2 hours there are
monitored these parameters for al |l the 3 |
decarbonation follows these parameters to be accurately dosed Ga(@HfeCh. Apart
from these parameters, once in the month there are made analyzes of decarbonation water just
like those for the raw water. Table 2 provides the results of measurements of decarbonized
water in three different days and different times ofdhg
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Table2. Important parameters ohecarbonized water

Levels in the Important parameters measured2in01.2012n 13*° hour
accelerator a (Os/ c pH TH (UD) p/m(mVvalll)
Level 1 68,2 10,4 2,5 0,35/0,5
Level 2 69,3 10,5 2,5 0,3/0,5
Level 3 69,0 10,4 2,9 0,35/0,5

Important parameters measured1®02.2013n 11 hour
a (Os/c pH TH (UD) p/m(mvall)
Level 1 65,1 10,2 2,9 0,35/0,5
Level 2 64,2 10,4 2,7 0,35/0,5
Level 3 63,7 10,3 2,8 0,35/0,5
Important parameters measured0dn03.2013n 11 hour
a (Os/ c pH TH (UD) p/m(mvalll)
Level 1 61,5 9,7 3,2 0,3/0,6
Level 2 60,6 9,67 2,7 0,4/0,9
Level 3 61,7 9,5 2,5 0,3/0,65

Whenthe decarbonatiois propely executed, 2p=m. Table 2 shows that on0272012
and 10.02.2013, 2p> m, which means that Ca@WMjs added in excess dhere wasnot
enough coagulant Feglin this case Fegloagulant is added to get the required terms of p
and m. On 0703.2013 atll am, just in the first leveRp=m, while in the second and third
level 2p <m. The relationship between p and m in this saserrected byadding Ca(OH)
Because of this, we monitor the basic parametegseny 2hours

In tade 3 are given the values p/m and TH at different times of the day. These values
are exactly the same for all 3 levels.

Table 3 p/mandTH of decarbonied water at different times of the day

hour 05.02.2013 06.02.2013 08.02.2013
p/m TH(UD) p/m TH (U p/m TH (U
(mVal/L) (mVal/L) (mVal/L)
7% 0,30/0,60 2,5 0,35/0,70 2,4 0,45/0,90 2,5
9% 0,35/0,70 1,5 0,30/0,60 1,9 0,40/0,80 2,4
11 | 0,35/0,70 1,4 0,30/0,60 1,7 0,30/0,60 2,2

In all the three selected days, at different times of the daym2pwvhich means
decarbonization is properly executed and there are not necessary any adjustments by adding
Ca(OH) or FeC4. In table 3 is shown TH value that over time which is constantly declining
for the three days. Although TH in decarbonizated watemiuch smaller than TH in the
rough water, this is not enough to be used for "Oslomej" steam boilers. It is therefore
necessary to perform demineralization that will remove all mineral materials and TH will be
0.

Table 4 shows the valuesf 0, PpHBaNd SIY m,
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Table 4 Important parameters in radacarbonized andeminealized water

Type of water Important parameters measured orl22012
a (Os pH TH (( p/m Sio( Ogl & ( Os
(mVal/L)

Raw 157 8,1 6,2 0,00/2,14 2700 157
Decarbonizd 70 10,2 15 0,25/0,5 2080 70
Demineralized 0,8 7,2 0,000 0,00/0,05 <10 0,8

Important parameters measured on 13.02.2013
a (Os pH TH (( p/m Sio( Ogl & ( Os
(mVal/L)

Raw 144 8,0 6,3 0,00/2,2 2900 144
Decarbonized 61,7 9,9 2,1 0,25/0,5 2560 61,7
Demineralized 0,3 7,8 0,000 0,00/0,05 <10 0,3

Important parameters measured on 28.03.2013
a (Os pH TH (( p/m Sio( 6gl & ( Os
(mVal/lL)

Raw 135 7,8 5,2 0,00/2,1 3190 135
Decarbonized 60 9,6 2,0 0,2/0,4 2628 60
Demineralized 0,5 7,7 0.000 0,00/0,05 <10 0,5

Table 4 shows that the conductivity of the water is greatly reduag@aydhe processes of
decarbonatorand demi nerali zati on. Raw watero6s c
reduced by more than a half of its valuetth e v al u e ocm Atier tbeyprockss ®f0 ¢
demi neralizati on, dcm.vTad congluctivity detreases betahsa many |,
ions and many salts eremoved by the processes of dekacarbonation and demineralization
Besides conductivity, retting salts affect the overallharéne of t he watbtadr . Ra\
hardnesss 5,26 , 3 UD. Thi s v al waterfaoes fromise tdoe c2a,r% olhla,t
for demineralization watés equaltocd , 00 UD. T h eis slightly seduced diing Si O
the decarbonatioand it is almost completely removed in the process of demineralization

0N
s/
5

4. CONCLUSIONS

Steambdi er s i n A Os enengyepjatt arasingdiinkirgy water. his wateris
chemically treatedefore usingbecausat does not fufill the required criteria. Chemical
treatmenis comprised oflecarbonatiomnd denmeralization. Decarbonation is performed by
Ca(OH) and Fed. In every 2 hourghere is a monitoring gbarameters "p" and "m" to see
whether these assets are propedgeatl When 2p> m, there should be added Ca{Qkind
when 2p <m, Ca(OH)is in excess anthereshould be added Fe{IThe ionmodifiers are
used for the process aemineralization which removes all mineral material. The chemical
treatment is carried outontinuously and thereforeve perform daily analyze®f crude,
decarbonation and demineralizatimater. The daily monitoris importantfor the parameters
a, p H, 7/mbwhitennhdre ippnce a montmonitoring for analyzingll parameters in
the waterThe resul ts s hoaestintthearoughlwatér.sin thehpeoceds afr g
decarbonationhis value isalmost halvedwhile the demineralizatiowatergivesthe smallest
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and has negligible value in terms of raw water. The total hardness of watke most
important parameter of th&ater forits use in steam boilers. TH value in the raw water is
ar ound dedddnation water this value is arouttil2,  ademineralimation water it
is 0U DThe results show that the amount of Si® extreméy reduced in the process of
demineralization while in the process of decarbonatiemeduction is very small.
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MATERIALS IN GERMANY AND BOSNIA AND HERZEGOVINA ON
THE EXAMPLE FROM WASTE PAPER COLLECTING
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University of Zenica, Faculty of Mechanical Engineering, Zenica, Depaittfoe
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Abstract: Any mode of organization from waste paper collecting is aibhpt concrete, local
respectively regional, conditions. We can distinguish three basic units as functional part from
operating system of collecting: collecting, transport and sorting.

Waste paper Collectors in Bosnia and Herzegovina act generally of artlafiting space,
limited of specific location or municipality. Colectors, which perform their activities in the
area of whole Bosnia and Herzegovina are exception.

In this study are compared and analized data about waste paper collecting in Bosnia and
Herzegovina from local colectors in the area of Zenica (year 2005) with comprehensive data
about waste collecting in Germany, from Association of utility companies for waste transport
and city cleaning (VKS , year 1995).

When data comparing is obvioushe difference in each part of activities. Despite difference
initial conditions Waste paper are collected ewerywhere.

Market value and constant market demand for waste paper, including environmentally
motivated reason for handling with waste paper, kenablutions for reuse from waste paper
asraw material for the produktions of many paper and cardboard category.

Keywords: waste paper, collecting, transport, sorting.

1. COLLECTING

Waste paper, that mean paper for reuse, have to fullfill techmicdl economic
requirements as row material for paper production. It is usefull waste paper (recovered paper
and board) by producer or consumer separately to collect, and should in principle be supplied
free of unusable materials. Consist of any foreigntenah the recovered paper and board
may cause interruptions to production or may reduce the value of the finished psodhct
as: metal, plastic, glass, textiles, wood, sand and building materials, syntetic materials,
syntetic papers
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1.1. COLLECTINGPLACE

General data about collecting place refers to two differently big and differently populated
territory. Population of < 100 podgm? is rural less populated, and population of > 200
pop/km?is rural highly populatedvhich is common in the Germaural village

Tablel. General data

general data VKS Zenica
population 20.388.804 565.333
average population 210 pop/km® 96 op./km’

1.2.TYPE OF WASTE PAPERCOLLECTION

We can distinguish the following collecting systems of usable materials

=]
.@0
& & & g
A @ s >
& g 3 E
I S ]

S o S s
& < § S
I Q —
& =|g
Q © =
5| €
s|s
5|2

=)

(]

collection of one recyclable materials

partly integrated

integrated

collection of single recyclable materials

AN

collection of more recyclable materials

collection of mixed recyclable materials

structural alternatives

Figure 1.collecting system§3]

Separately collecting of waste paper is proven correct way for providing raw materials for
paper mill. Basically have two systems for separately waste paper collecting:

1. Paper collecting in firm$ holsystem/pick-up system(Cadllector picks waste paper by
the waste paper produsgr
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2. Collecting in public places bring system Waste paper producers bring waste paper
to the collecting plage

Holsystemandbringsystemprovide users complet different service/conformity

Waste paper allecting is different organised in observed are&és Bosnia and
Herzegowina is participation in the system of waste paper collecting voluntary and in
Germany forced. Holsystem is in Bosnia Herzegowina much more prevelant as Bringsystem.
Collectorpicks waste paper on the place of its origin, from its own container, transported it to
the sorting plant, sorted and press, than transported to the paper mill.

Table 2. Type of collecting

waste paper collecting VKS Zenica
holsystem 26,0 % 9,1 %
holsystem 28,0% 90,9 %
mix system 46,0 %
forced participation 52,1 %
voluntary participation 47,9 % 100,0 %

In Germany with the implementation of adopted legislation about waste, especially
Regulation on Packaging (Year 199inclusive with waste paper is wagteper collecting
individualized Containers from 120 | to 1100 | used for waste paper collecting in hausholds
Waste paper collecting in Bosnia and Herzegovina indicate typically use of big container,

what suggesting of board packaging in shops, sterage production plants

Table 3. container for collecting

nr. | container sizél/ VKS Zenica
number/%/ | volume/%/ | number/%/ | volume/%/

1. 3571 80 0 0,0 81,7 16,2
2. 120 16,6 7,3

3. 240 77,3 68,4 9,2 6,3
4, 660 0,2 0,5

5. 770 0,1 0,4

6. 1100 5,8 23,4 3,9 12,1
7. 3000 2,1 17,6
8. 5000 1,0 14,3
9. 5600 2,1 33,5

Data about specific gravity from waste paper in containers are important, as indicator of

its use and efficiency
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Tabe 4.specific gravity from waste paper in cairter [4]
Grade|Waste pape Container 240 Containerl100 Big contaner
(0.24mj ) (d.1mj ) (5,5mj )
[t/ mj ] [t/ mj ] [t/ mj ]
1.11 | Deinking 0,30,35 0,20-0,25 0,150,20
1.04 Board 0,040,08 0,030,05 0,020,04
1.01 |Mixedpager 0,150,30 0,100,20 0,050,15

In Bosnia and Herzegovina data on waste paper collection shows that typically use larger
containers, indicating collecting cartons from stores, storage and manufacturing friamts.
the above its evidentandcrucial differencesn collectingbetweenwo existingsystemsThe
VKS-in is mostly a collection of sales (primary) packaging which is aresult of the
applicationand implementation ofhe Regulation on Packaging/hile in Zenicacollects
mainly storagg(secondaryand transporftertiary) packaying.

The Regulation on Packagimng Germany in the period of 6 years led to the utilization of
packaging waste paper 90% more than in 19@7/year[6]

In the Federation of Bosnia and Herzegovina and the Serbian Republic's/e2011
adopted Regulation aregulation on the management of packaging and packaging waste,
which is one of preconditions to increase the percentage of collected waste paper from its
packaging in Bosnia and Herzegovina. The introduction of statutory quotas collection and
recycling d materials from containers , National targets in the European practice, proved to
be a prerequisite for the introduction of separate collection of packaging or to the
establishment of a dual system.

3. TRANSPORT

Transportsarethe most importantrik in the chain oexploitatiordisposalbf waste paper
There are different typas transportation systenis relation to thevay of consideration
elaborate technicalr structural The choice ofransport systeris determinedy local
conditionsrestrictions.
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In Bosnia and Herzegovina available foran extensive road netwgrwhile therailway
networkis limited to two lines Samac- P | o during northsouthand Dvor na UniDobof
TuzlaBrcko, west to eastWaterwayis only the Sava Rivealong the northern bordevith
the Croatian The relativelysmall amounbdf collectedwaste paperthe need fofasterrates of
turnoverandlogistical requirementsstoragehandling andransfercomplication andncrease
the cost otransportwaterway andail throughandlead toonly useroad transporsystem

) 3
Montenegro /|

Podgaricaye i /

Adriatic

Map 1. roads inBosnaandHerzegovira [7]
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Straennetz

C-5

Loading waste paper into vehiclissdone by handr by mechanical meandependingn
whetherthe loadedbulk, compactear baledwaste paper~or mechanicaloadng usedfork-
lift trucks craneshydraulic loagsystems"tossing” containergifter) or "tugging" containers
(Hookloader roll containers) or emptyingontainers in thetruck with upgradesfor
compactingmaterials.Distanceof origin of waste papeto the collector andhe collector of
waste papeto paper factorys differentanddepends olocal specificities.

We distinguish between the primary transport from the collecting place to the collection

sites (warehouse collectors), and secondary transport, from the collecting sitepapehe
factory.

3.1.PRIMARY TRANSPORT

The primary tansport are significant per smaller quantities and collecting on a number of
locations in a relatively short distances between them. The place of origin of small quantities
of waste paper is practiced loading by hand, especially when the place ofl@aigjimg is in
the narrow streets and poor solved driveway, which stipulate the use of smaller vehicles.

In the following table are primarily for primary transportation shown usual combinations
collection containers and transport vehicles.

Tabe 6. Data aboutransport’ primary transport
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Vehicle Container Loading
van bundle carton by hand
truck with compressioll bin 240I, container 1100l &000I | hydraulics Rollover
self loader mesh metal cage crane
self loader igloo crane
hookloader press containerrall-off container hydraulic hook
self loader, truck bale crare or forklift

3.2. SEKUNDARYTRANSPORT

Secondary freight transport characterized by larger weights collected materials generally at

greater distances than from the primary transport.

Trangortation is with the distance demanding and orients itself towards larger amounts, or

large shipments of waste paper, which is achieved major transportation units.

Tale 7. Data about transportsekunday transport

pape | distance transport unit capaciy remark
1.* | loose short hookloadewmith trailer, up to15t loading with
(<70km) roll-off containerstO nt loader
2. | bale all truck with trailer up to24t | permissible total
weight40t
3. | bale all train 50 tper | greater weight an
wagon distances

*) Old paperwhen loadingpressesvith a shovelof the loader to be squeezednd achieve
greaterspecific gravity ofoadedweight kg/m?)

An important indicator for evaluating the transport is definitely capacity and capacity
utilization of used vehicles fathe transport of waste paper, which can be determined by

analyzing the data presented in the tables below.

Table 8. Data about transportcomparative Dat&KS - Zenica

TransportData VKS Zenica

average distancgorting/ | 16 km 14 km  (min. 3km,
collecting place (min. 2 km, max. 60 km) max. 80 km)
number of tousorting / 2,1 rerday 4,1 rerday

collecting place

average daily distance pe

97,km

153,7 km (min. 75 km,

vehicle (min. 17 km, max290 km) | max. 210 km)
average daily weight per| 12,8 t/dy 6,1 ttour 3,9tday
vehicle 0,95 ttour
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In Germany are used vehicles with more payload and their carrying capacity is better
utilized. Beter utilization of capacity of the vehicle is achieved using a mechanized loading,
using Press containers and vehicles with upgrades for compacting bulk cargo, which actually
allows greater utilization of payload vehicle.

Tale9. types of vehicles

Number | Truck in use VKS Zenica
1. two axis with compression | 41,4 % | 6,3 %
2. two axis with tarpaulin 10,0 % | 50,0 %
3. two axis 31,1 %
4, threeaxiswith compression| 43,0 % | 6,3 %
5. threeaxis with tarpaulin 3,6 % 6,3 %
6. three-axis 2,0%

3.3.INTERVALS DISCHARGE

For the success of separate collection is of great importance the available volume
(container) per inhabitant and yedrhis feathure can be determined by the number of
containers or frequency of their discharge

In Germany is usual laegdensity from collecting places und short distance between them.
In Southeast Europe is generally less density from collecting plawewith high frequency
discharge sometimes with daily discharge

The reason for this approach to the organization parsg¢e collection of waste paper is
often high population density in urban areas with difficult traffic conditions, conditioned by
narrow streets, which in practice limits the density of the collection.

The absence of individualized system of separaleat@n of waste paper accompanying
with undeveloped system of compensation, is resulting in a lack of necessary investments for
the purchase of an appropriate number of collection containers. High transport costs incurred
due to frequent discharges furnthienit the efficiency and capacity of the collection system.

Tabe 5.Frequency discharge

Number| Rhythm discharge | yearly VKS Zenica
1. more times a montl >52 xyear 8,1 % 61,0 %
2. weekly 52 x year 22,6 % 31,0 %
3. twice a month 26 x year 16,1 % 6,0 %
4, monthly 13 x year 41,1 % 2,0 %
5. others <13 x year 12,1 %

Increased frequency discharge in Zenica indicates a lower volume available for the
collection of waste paper per user (citizen). The smaller volume of available containers
directly leadgo increased frequency of emptying them.

93



4™ International Symposium on Environmental and Material Flow ManageimemrM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

4. SORTING

The soring means separation of separately collected \pagierqualitatively different
grades of recovered paper and boar8tationary systems for sorting work mostly as a
combination of mechanicahd manual sorting.

Waste paper

'

Flat bunker

'

Flat belt conveyer

!

Upward belt conveyer

f_ Flat belt conveyer Paper grades

Sort residual 1

Residual

A

Baling press

| !

Depot or utilization

Figure 3.Sorting the waste pap¢8]

When sorting distinguish
a. positive sorting
b. negatiwe sorting

Pozitive sorting off conveyor belt for sorting to take different kinds of waste paper and
inseted into a separate container (bunkdrapurities and wastes remain on the band and end
up in the waste container. Separated grades of recovered paper and board are pressed for
transport to paper mill.
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Negativ sortingi off conveyor belt are removed dirpaper and other impurities and
inclusions, analean paper is most often directly leads to the press for paper.

Negative sorting applied where the collected waste paper is homogeneous and good
quality. In this case additional sorting is not necessaryg. (&aste paper from shopping
centers)

4.1. SORTING COSTS

For sorting and sortingostsarein addition tothe monthlyamountalsoimportant
- ahomogeneous of waste paper

- the type and quantity of inclusions

- the difference in price of certain typesvediste paper

- sorting costs (depreciatipanergy labor, maintancg

Sorting as an activity and the cost can be economically jushfigde increased surrender
value of collected waste paper, which is sortedjtades In Bosnia and Herzegovina the
mog presentpackagingwaste paperwhile the share ofexpensive" gradesf of recovered
paper and boandther small

Tale 6. Percentage composition of waste papeBil, price from2009
(sourceEUWID)

Nr. | Grades Description Share Price Share in tone
1. | 1.04. | Supermarket corrugate 90,0% |26, 1 23,5

paper and board
2. | 1.11. Sorted graphic paper| 25% |49, 2 1,2

for deinking
3. | 2.01. Newspapers 25% (56, 7 1,4 U
4. | 2.06. Coloured letters 50% |19, 2 1,0 0
average value of tone waste paper 27,1

Qualitative is significanyl different composition of the collected waste paper in Bosnia
and Herzegovina and Germany. The expanded system of collecting waste paper in Germany,
which is usually individualized, as a result of a higher proportion of valuable grades of waste
paper, a@er sorting. In the following table is visible "increase" the value of the collected
papers after its sort.

95



4™ International Symposium on Environmental and Material Flow ManageimemrM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

Table 7. Percentage composition of waste paper in Germany, price from 2009
(sourceEUWID)

Nr. | Grades description Share | Price | Share in tone

1. | 1.01. | Mixed paper and board 100,0%| 19, 2 19, 2
unsorted

2. | 1.02. | Mixed papers and boarq 25,0% |56, 7 14, 2
(sorted)

3. | 1.04. | Supermarket corrugate| 150 % | 26,10 / 390/ t
paper and board
4. | 1.11 | Sorted graphic paper fg 60,0 % | 49,20 / 2950/ t

deinking
average value of tone waste paper 47, 6

Although it can beexpected to increasaluablepaper involume of collectedvaste paper
from the aboveable(6), it is evidentnow thatthe expected increase wvalueof waste paper
dueto sortingis insufficient tojustify aninvestment in waste paper sorting and its work

5. CONCLUSION

Way of dealing with waste paper in Germany is an example of how legislation, technical
capabilities and behavior of the population can increase thardmb collected and rased
waste paper, torpsent indicators of over 90%. [6]

The prerequisitéor this isa comprehensiveptimized collection systenextended to the
entire areaf the statewhich isdue tothe Regulation of Packaging not basedxclusively
on market principlesbut relies on theparticipation of allsectors of societyaseconomic
entitiesand natural personsSystemutilization of waste paperas secondary raw materials
should be adapted the circumstanceshe demand for anconsumptionof paper,amountof
paperin the placesof its appearangehabits and customs othe population,economic
situation,traffic conditionsandtransportatioroptions

Looking at theway of dealingwith waste papein Bosnia and Herzegovinave can
compare itwith the handlingof the paperin Germanysome 20years agoOf coursea major
influencein addition tolegislationandsocial behaviohaseconomic situationgrossnational
incomeor standard of livingIn both middle as environmentally and emomicallyjustified
way of collecting paperprovedseparate collectionf paper,if possible,by gradeof waste

paper
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UNIQUE LANDSCAPE VAL UES OF SOUTH BALATON REGION,

HUNGARY
P&8F8m F-:F,8 mPaM. |, Farkas S. , Kazinczi
Kaposvsg8r University, Il nstitute of Pl ant

Abstract: Unique landsape values are those natural formations or-made values which
represents natural, historical, cultural, scientific or/and aesthetic significance for the local
societies of particular villages and settlements. These values are not protected bylaational
Surveyingand management of the unique landscape values is regulated by the Hungarian
Standard. Although every local authority is obliged to make the cadastre in his jurisdiction,
around a third of the Hungarian municipalities have no cadastresioutiigue landscape
values. The launching of unique landscape values database in Hungary allowed the possibility
of recording particular values, without making full cadastres. The South Balaton region
includes 62 settlements, all of them having recordeduenlandscape values. Up to the
present a number of 2161 unique landscape values have been recorded in this area. The data
sheets of these values are extremely heterogeneous varying from the very detailed to the
0 sy mbol iAs expectdd, hightednurals of values were registered in biggest localities

of the region likeSi - f o k , andWaorncyddtdinterestingly some small settlements like
K®t hel yorTB slkage&lko high number of values. In many other small settlements
only a few data sheetwere completed. The majority of the unique landscape values
registered have historical or religious interest, but the number of different buildings is high,
too. The most unrepresented are nlagural formationsmainly old trees, bird nesting places

and remains of native habitats. As a conclusion, the situation of South Balaton region
referring to unique landscape value surveying is optimal, but it needs revision and completion
in the future.

Keywords: Unique landscape values, cadastres, South Balaton
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LIFE CYCLE ASSESSMENT OFPOLYESTER FABRIC - ITALIAN
CASE STUDY

Pasqua L' AVichele Dassisti, Claudio Pattara®
'Polytechnic of Bari?University of Pescardtaly

Abstract: The purpose of this study was to increase awareness of the environimgaizts
associated tdabricsfor home. The textile industry is a complicated manufacturing industry
because it is a fragmented and heterogeneous sector dominated by small andsizedium
enterprisesThe inventory (LCI) has been obtainegt bonsideringa tissue in PETfom

cradle to grave) produced by an Italian compa&ayme processes occur in other companies in
Italy and abroad. The environmental impact has been studied by applying the principles of life
cycle assessment (LCA) methodology. Life cyatsessments provide useful information on
guantities of energy and resources consumed and emissions associated with the production
systems. The calculations have shown that the consumption of energy is the most critical
point, then, improvement interventi® need to be made here. The environmental impact of
each process was analyzed by the mefRBE€IPE The dyeing process uses so greater the
water resource, while the process with high environmental load erajaa the production of
yarnPET.

Keywords: life cycle assessment, textile industry, environmental impact, RECIPE
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SOLUTION
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'University of Belgrade, Technical Faculty, Bor, Serfilastitute for Technology of Nuclear
and Other Mineral Raw Materials, Belgrade, Serbia

nstrbac@tf.bor.ac.ran.sokic@itnms.ac.rslzivkovic@tf.bor.ac.rss.matkovic@itnms.ac.rs
b.markovic@itnms.ac.rs

Abstract: The results of research on the leaching process of complex subahritieore were
presented in this paper. The leaching process was carried out in a laboratory autoclave by
ferric chloride solutn. Considering that those minerals are represented in complex structural
textural relationships, it is not possible to extract lead, zinc and copper minerals from ore by
flotation methods. The obtained results confirmed possibility of the ore processntjyd

by chemical methods.

The effect of temperature, time and oxygen partial pressure on the lead, zinc and copper
dissolution was studied’he maximal leaching degree was achieved at ©@0@&nd amount of

91.5 % for Pb, 96.1 % for Zn and 60.7 % for CllBaching at temperatures above 1Q0is
impractical.

Keywords: autoclaveferric chloride leaching, sulphiddarite ore

1. INTRODUCTION

Non-ferrous metals and iron usually appears in a form of sulphide complex ores. The large
deposits of complex res may contain chalcopyrite, sphalerite, galena and pyrite in
disseminated form with complex mineralogical composition and fine grained structures.
These minerals are generally separated from each other by flotation and treated by
conventional pyrometalhgical processes. Sometimes, when it is difficult to prepare flotation
concentrates of the individual minerals, then it is easier to prepare bulk concentrates [1].

Hydrometallurgical processes offer great potential for treating complex sulphide
concentrats, resulting in increased metal recoveries and reduced air pollution hazards. Ferric
and cupric ions, bacteria, oxygen, and other oxidants have been used as leaching agents of
sulphide in sulphate and chloride media under atmospheric or pressure leaciiigrts [2
18].

Ferric chloride is one of the most important oxidative agents in leaching process. The
oxidation potential of ferric chloride leaching system results in elemental sulphur as one of
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the major byproducts, a form generally more acceptadatwironmentally than the sulphur
dioxide from pyrometallurgy. The leaching of metal sulphide minerals in chloride media is a
subject of interest and many articles have been publishetigll@his studied indicated that

the ferric chloride solutions coulcpidly, but unselectively leach valuable metals such as
copper, zinc and lead from sulphide minerals, leaving the bulk of the pyrite and sulphur. The
reaction mechanism of complex copqeérclead sulphide concentrate leaching in ferric
chloride solutiormay be described by (1)

MeS + 2FeG= MeCh + 2FeCh+ S~ (1)

where Me is Cu, Zn or Pb. Oxidizing agents sucho©OH,O, may be used for oxidation of
ferrous ions formed through reacti) [17,18].

The leaching of sulphides by ferric chloride isvgmed by parabolic kinetics caused by
progressive formation of a compact layeretémentalsulphur on the solid/liquid interface.
The leaching process is slow under normal temperature and pressure. Previous results showed
that after an initially rapid eetion period the dissolution rate decreases and reaches a steady
state. During this steady period the development of a porous layer of elemental sulphur at the
surface limits the reaction.

Besides the genesis of sulphide minerals and reaction condttieridnetic parameters of
leaching are also dependent on the morphology and compactness of the sulphdr]ayer
The determination of the optimal leaching speed is thus tha major object in this study, because
the values of leaching rate published infatént paper and especially those obtained by
investigations with natural concentrates exhibit great scafertrizac [14] observed
significant differences ~ 50% in leaching rates of eleven chalcopyiiten different
localities under various leachingratitions. Thescatteringresults can be mainly attributed to
admixtures and impurities as well as to the influence of real structure of the investigated
material.

The purpose of this study is to investigate possibility of complex sulphide ore leaching by
ferric chloride solutions in autoclave.

2. EXPERIMENTS

The leaching study was conducted in a {iter stainless steel autoclave, which enabled
maximal working temperature of 28D and pressure of 5.5 PA (figure 1). Also, this
apparatus provided hernetonditions, heating at constant temperature, additiarxygen
and mechanical mixing.
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Figure 1. Schematic of the experimental set up for the-rigbsure leaching-dhamber, 2

pressure vessel;r@actor cover, 4gitator, 5electromotor, gulley, 7-gear wheel, $eater,

9-thermoragulator, 10 and d/hlves, 12pressure gauge, dBessure relief valve,4-control
panel, 15thermometer

The calculated volume of Feidnd the solid sample of the ore were put into the reactor.
Then, the autoclave wasosked up, and heated up to the selected temperature. When the
temperature was reached, the stirrer was turned on and that moment was taken for beginning
of leaching. At the expiration of definite leaching time, the autoclave was turned off, cooled
off, opered and solution sample was taken for chemical analysis, which was carried out with
AAS (Type PERKIN ELMER).

3.RESULTS AND DISCUSSION

3.1 CHARACTERIZATION OF COMPLEX SULPHDE-BARITE ORE

In order to investigate in detail the characteristics of the tgeghemical and mineral
composition and particle size were determined.

For experimental studying of leaching process, the complex sulpbatée ore from the
ABobijad deposit was mnpatdles. Chemical compaisihi ohthet e d t o
ore ispresented inable 1.

Table 1. Results of chemical analysis of complex sulpbatée ore

Element Fe Zn Pb Cu Ba
WT, % 26,84 4 57 495 0,84 4.34
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The mineralogical researches included both, qualitative and quantitative mineralogical
analysis. Correatin of quantitative mineralogical analysis was performed using results of
chemical analysis. Participation of the most dominant mineralse ore mas is presented in
table 2.

Table 2. Quantitative mineral composition of the complex sulgbadee ore

Minerals WT, %
Pyrite 57,52
Sphalerite 6,82
Galena 5,72
Tetrahedrite 1,84
Barite 7,38
Quartz 17,90
Others 2,80

The microscopic tests were carried out using a-Zeids Jena, JENAPQU, reflected
and transmitted i ght mi croscopeb50 amidc it dipph ditOZAArRd pAh y2 . a |
mineralogical analysis pgnam. The results are shown igure 2andfigure 3.

\?jhg’q'n* ’;&

Wi N ;l .
Figure 2 Compact pyrite ore, with rhythmaolloform textures cemented by galenaagr
and sphalerite (dark gray).

[On air, 50x, N 11]

103



4" International Symposium on Environmental and Material Flow ManageinemMrM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

f i

hy R ! -

Figure3. Aggregates of sphalerite (grey) with tetrahedrite (light grey), galena (wdofe
and pyrie (white- hard) in barite bas@lark grey). [In oil, 200x, N II]

The obtained microphotographs confirm the presence of the following minerats;, pyr
sphalerite, galena, tetrahedrite, barite and quartz. Pyrite, being the most prevailing mineral of
the sulphide ore, is intergrown with all other mineral components. Therefore, it is not possible
to extract lead, zinc and copper minerals from compldphsdebarite ore by flotation
process.

3.2LEACHING TESTS

In all experiments, the following conditions were constant: phase ratio (S/L) 150 g
ore/dn¥, 1.0 mol/dmi Fe** and stirring speed 400 mtn

The influence of temperature, time and oxygen paptiessure on the leaching degree of
lead, zinc and copper, was studied. These parameters varied as following:

1 temperature C): 80, 100, 120 and 150;
i time (min): 60 and 120;
1 oxygen partial pressure (MPa): 0.0 and 1.1.

3.21 Effect of temperature
The influence of temperature on the leaching degree of lead, zinc and copper, was

determined in a temperature range from 80 to X50under constant all other parameters.
Obtained results are showntable 3.
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Table 3. Effect of temperature on leaching of leac and copper

i 0,
Igmp., &Eﬂw Time, min P(Oy). MPa Ilsegachlng de%rr(]ae, Yo -
80 1.0 60 0.0 86.3 91.5 52.3
100 1.0 60 0.0 91.5 96.1 60.7
120 1.0 60 0.0 75.5 83.6 54.3
150 1.0 60 0.0 82.2 82.9 59.4

Experimental results (table 3) shdhat the quantity of leached lead, zinc and copper
increases when the temperature is increased from 80 toClLO@aches a maximum at 100
" C, thereafter it falls. The reason for leaching decrease at higher temperatures is melting of
elemental sulphur, kich is formed during the leaching (1) and melts at X19The molten
sulphur generates a viscous layer, surrounding the ore particle, which is the limiting factor for
diffusion of leaching reagent.

Leaching at temperatures above 1@0does not have pracal importance.

3.2.2 Effect of leaching time
The effect of time on the leaching degree of the particular components was studied at 120
“C. The experimental results are givenahle 4, where it can be seen that the increase in time

does not affect gnificantly the transition of lead, zinc and copper from the ore to the
solution. Therefore, it is not necessarily for leaching to last more than 60 min.

Table 4. Dependence of leaching degree on time

. . Temp., [Fe, Leachirg degree, %
Time, min - =~ molidm?  P(@). MPa5p Zn Cu
60 120 1.0 0,0 75.5 83.6 54.3
120 120 1.0 0,0 78.2 84.5 56.9

3.2.3 Effect of oxygen partial pressure

The influence of oxygen on the leaching degree was studied by increase of oxygen partial
pressure from 0.0 to 1.1 MPa. Thessults obtained at 12@ are shown itiable 5.

Table 5. Effect of gaseous oxygen on leaching of lead, zinc and copper

Leaching degree, %

P(O),  Temp, [Fe"],

MPa C mol/dnt Time, min Pb Zn Cu
0,0 120 1.0 60 75.5 83.6 54.3
1,1 120 1.0 60 85.6 90.7 60.3
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The injection of oxygen into the autoclave, favorably affects the leaching of lead, zinc and
copper (table 5). It can be explained by’F@ns oxidation with oxygen to F&-ions. In this
way, the regeneration of B&ions is achieved, what caitiutes the leaching.

4. CONCLUSIONS

Mineralogical researches of the complex sulptbddte ore showed the presence of the
following minerals: pyrite, sphalerite, galena, tetrahedrite, barite and quartz. The most
dominant mineral component is pyrite. elmdividual minerals present in the ore are very
fine-grained and intergrown. The complex structdexttural relationships of the useful
minerals do not make possible the classical flotation of this ore, or some other concentration.

The obtained resulig this investigation demonstrate the possibility of the sulphatée
ore processing by leaching with ferric chloride solutions, because of the significant leaching
degree achievements, especially for zinc and lead.

The effect of temperature was studiadthe temperature range from 80 to 1%0 The
maximal leaching degree was achieved at 100(91.5 %Pb, 96.1 %Zn and 60.7 %Cu).
Leaching at temperatures above 1Q0s impractical.

The influence of time on the leaching degree of lead, zinc and cappenk.

The injection of oxygen into the autoclave is favourable, i.e. intensifies dissolution of
lead, zinc and copper.
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Abstract: The sustainable technologies, i.e. novel solutions in the field of environmentally
friendly product and process design, are crucial for operationalization of the sustainable
developmentconcept. However, organizational issues, coupled with societal concern and
based on sound economy, are of no less importance in attempt to reach sustainability goals.
Designing ecandustrial networks is a demanding endeavor that requires integratioangf m
fields of structural and social design as well as responsible deamrsikimg. To reduce the
intensity of material flows and achieve sustainable use of resources, some sort of complex
integration would be necessary. Foreign experiences reveal clat®nghips between
logistics issues and several policy fields, such as: spatial planning, formation, employment,
social services, environmental protection and corporate responsibility. Environmental clusters
of Small and Medium Enterprises (SMEs) are pat#rly significant as a units that might
become carriers of edadustrial networking concept. However, all regional incentives must
rely on proper logistics that should also take into account all the elements of sustainability
concept. Achieving the oljdves of sustainable development require simultaneous
advancement in societal development, economy and environmental protection. One such
approach, Sustainable District Logistics (SDL), known for almost a decade but not widely
recognized in the West Balka area, might provide significant support in attempt to
sustainably integrate often geographically scattered SMEs into functioneddesirial units.

This paper strives to highlight the role, significance and procedure of implementation of the
SDL apprach in the context of esadustrial networking for sustainability.

Keywords: Environmental Networks, LCA, SMESustainable District Logistics
1. INTRODUCTION

So called linear model of industrial development has proven to be in conflict with very
concet of sustainability which is supposed to assure fulfillment of societal requirements
without compromising the ability of future generations to meet their own needs. The results of
ever increasing industrial activities are depleting of natural resourobbstign and waste
buildup. Population growth boosts consumption and, consequently, enhance production of
consumer goods and energy use. In the last couple of decades, several paradigms,
frameworks, strategies and tools have been developed in order tsustehability goals,
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one of which is Zero emission model. Inspired by the nature, it envisages closed loop material
flows at reduced emission, with minimal consumption of material and energy. It seems that
Zero emission concept is the appropriate anstwesustainability challenge. However, it

requires substantial changes in technologies, organization, logistics and consumption models.

Sustainable technologies should require less energy, fewer limited resources, favor reuse
and recyclability, operate viitreduced emissions and decreased environmental impact trough
all phases of their life cycle. However, in order to achieve and maintain sustainable
performance, it is essential to have established an appropriate management system [1]. In
addition, environrantal risk assessment should be performed before and during
implementation of every significant technological advancement. Appropriate legislation is of
crucial importance since it can support and accelerate the process of sustainable development
in industial sectors. Technology aspects of sustainability comprise (but are not limited to)
waste minimization, effective energy usage, pollution prevention, waste treatment, recycling,
solid waste management and renewable energy harvesting. The renewablep&nergn
important role in supporting sustainable technologies and sustainability in general. A
sustainable society as a whole, must be energy efficient and have to rely on sustainable
industry driven by sustainable technologies.

The problem of waste magement and reduction, has been handled by three
chronologically developed concepts: EmidPipe Pollution Control, Cleaner Production and
the Zero Emission concept. The first one, ffdPipe (i.e. treatment or control of already
generated wastes and/oriesions) is considered obsolete and without capacity to adequately
address sustainability goals. Cleaner Production concept comprises strategies, methods and
tools to decrease waste generation and recover material along production lines, which provide
more efficient use of resources at reduced pollution. The Zero Emission concept, however,
plead to be the final solution to waste management and pollution control issues. It obviously
comprise the previous two concepts, especially Cleaner Production onéerefhre, clear
distinction between the two latter is not always possible. Also, there are several similar,
overlapping or complementary concepts and strategies to Zero Emission, such-as: eco
industrial clusters, eemdustrial parks (ecindustrial netwdks), industrial symbiosis and
circular economy [2]. While each of them possess certain specifics, the common denominator
is attempt to meet sustainability goals by targeting environmental issues at the source.

The Zero emission model, presupposes thatatheunt of generated wastes approaches
technological minimum, because almost all material flows are diverted toward
complementary processes. The concept relies on assumption that environmental protection
could be achieved at no extra costs, but with econtmefit for the ecériendly industries.

The resources should be provided locally/regionally wherever possible, and those should be
used efficiently.

The vast majority of technological processes are energy intensive. Reducing energy
consumption while ptecting the environment and reducing the waste, have become
imperative to every environmentally conscious manufacturer. Increased energy efficiency,
rational energy use and recovery of excessive energy from the process are three the most
important ways toreduce operational costs. Utilization of a portion of waste stream as
secondary fuel and applying renewable sources are the two common approaches that help to
reduce costs and to preserve the environment. Energy efficiency increase require

109



4™ International Symposium on Environmental and Material Flow ManageimemrM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

comprehensive @mgy consumption analysis that rely on material and energy balances. The
savings can be achieved by optimal use of each individual device or at system level as a
whole. Therefore, it is necessary to explore each production unit, and to detect sources of
potential losses. Heating, cooling, air conditioning, insulation and lighting systems are widely
present in almost every industrial sector. However, there are also certain industry specific
operations, some of which significantly contribute to consumptionpaHfution performance

of an industrial unit.

The sustainable technologies, i.e. novel solutions in the field of environmentally friendly
product and process design, are crucial for operationalization of the sustainable development
concept. However, orgaational issues, coupled with societal concern and based on sound
economy, are of no less importance in attempt to reach sustainability goals. Designing eco
industrial networks is a demanding endeavor that requires integration of many fields of
structuraland social design as well as responsible decisiaking.

2. SUSTAINABLE LOGISTIC S AND ENVIRONMENTAL NETWORKS

To reduce the intensity of material flows and achieve sustainable use of resources, some
sort of complex integration would be necessary. Thidiaous goal could be reached by
several diverse strategies and array of coherent activities, such as:

Apromoting new models of production and consumption and favoring local networks and
supply chains

Apromoting and supporting the reuse and recyclingaterials

Aextending the longevity of consumer goods

A de mat e subsitutingtlee use of matgrial goods by services)

Aproviding alternative ways to access goods and services (troagmmerce instead of
physical access)

Afostering territorih perspective in attempt to build industrial symbiosis through clusters,
bundling and other forms of emperation

Foreign experiences reveal close relationships between logistics issues and several policy
fields, such as: spatial planning, rural developtné&rmation, employment, social services,
corporate responsibility, etc [3]. There is a wide range of relationships that might exist
between the participants in an e.g. crbesder territorial area or an extended production
chain. Different interests,ub also different expertise and professional capacities should be put
together for synergetic effects.

The environmental issues that affect and/or are affected by the regional logistics and
supply chain logistics (figure 1) are as follows:

- the resources se (energy consumption; waste generation; waste treatment
facilities and available technologies allocation; energy produced by renewable
sources; the investments for the environmental protection and site remediation)
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- the land use (concentration of induskri urban, rural and protected areas;
population densitykmof rail/road infrastructure in the region)

- the environmental impact (concentration of greenhouse gases and other pollutants,
exposure to noise, accidental spill outs of chemicals)

REVERSE
PLAN SOURCE PRODUCE STORE TRANSPORT LOGISTICS

o

. - Waste from excessive « Air and water emissions « Excess waste in landfills
: g;’s”z‘;%_i);‘z i;ocsg ﬁfﬂ’z‘n . packaging and obsolescent -+ Energy consumption from premature disposal
tie Yo ineficient kogistics ordamaged in ven_tory « Traffic congestion, noise, « Hazardous material
« Energy consumption accidents exposure
« Community congestion « Waste from packaging or
« Development of agricultural shipping containers
land « Hazardous material

()

« Hazardous material exposure  exposure

Figure 1. Environmental and Social Impacts of SCL Activitiddddel adapted from SCOR,
the Supply Chain Council bés Supply Chain

Sustainable logistics face similar external pressures as Green Supply Chain does. Paquette
cl ai ms tlyhchains mustuegsgond to environmental pressures from four sources.
Resource availability and regulatory pressures place physical, legal and economic constraints
on supply chain management, while consumer demands and the ethical responsibilities of
corpoati ons define desirable behavior in the m

Sustainable District Logistics (SDL) definedias he 1 nt egr ated managen
energy and information flows in a cohesive territorial system to improve accege®ds,
services, people and places, maintaining and renewing the available resourcesniag®an
h uman a n d6].RRagtonalaapkect @mphasized in this approach have been denoted as a
change in paradigm from some previous, yet significant defindfdogistics, as the one by
the Council of Logistics Management (ECMT/OECD, 19%vhich describeitas@apr oc e s s
of planning, implementing and controlling the efficient, esfééctive flow and storage of raw
materials, iAprocess inventory from pokuatf-origin to pointof consumption for the purpose
of conforming to customer requirements?o.

In 2004, the European Network for Sustainable District Logistics (ENSDL), an
international nofprofit association, has been established with the @npromote the
Sustinable District Logistics (SDL) approach and tools in the analysis and improvement of
the logistic of a specific region, with a particular consideration to the burdens associated with
logistics operations from an environmental, social and economic aspect.

Companies taking part in an etwlustrial networking (EIN) initiative recognize residuals
and wastes as products they have no idea how to use themselves or sell on open market, but
that might be used by some compatible manufacturer or business elsefsharéusiness
community joined in an EIN they couple their manufacturing and creative powers to optimize
use of materials thus minimizing the wastes. Thphbyoduct s t hat <candét be
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could be warehoused and when collected in tradabletitjganshipped to some external
customers. That way an EIN becomes part of a regional scgimbyct exchangel].

There is no fast recipe on how to manage the Sustainable District Logistics (SDL)
methods and tools in order to carry out a regpacific projects of industrial symbiosis.
However, general instructions and recommendations considering the specific issues should be
put in the local context, and applied accordingly. There are numerous questions to be
answered in order to facilitate networkegtation, such as:

- How to combine different interests and points of view?

- How to tackle local initiatives, territorial aspects and local context in attempt to
formulate appropriate actions?

- How to monitor and measure material flows, logistic and buspe$ermances at
a regional level?

- Where to place nods and hubs to optimize material collection and flow inside the
network?

- Which collaborative instrument to apply for supporting evaluations and decisions?

There are numerous aspects of design that stamddess several areas of concern that
spreads from protection of natural systems, energy efficiency, industrial metabolism (i.e. flow
of material, energy and fluids trough the system), all the way to issues of integration into local
community. Basic presupntion is that an industrial network should fit into its natural
surrounding in such a way that environmental impacts are minimized while operational costs
decrease as a consequence of progressive system design.

Sustainable District Logistic comprises: ahecent method to analyze and identify the
local stakeholders to be involved; an iterative process for the design of innovative actions that
regard territorial and business planning; an approach to carry out the initial design activities; a
set of indicatos that can be usefully adapted to a regional specifics; a series of procedures to
identify the district logistics flows and business performances (questionnaires, data
processing, estimations and benchmarking); a methodology to perform workshops that help
the local stakeholders to arrive at a common expectations of the future. The logistics within
quality cycle is a recurrent procedure that comprise a number of environmental concerns, as
described in the figure 2:

Local stakeholders should be both amongidtors and the main beneficiaries of the
creation of a new territorial pact based on partnerships, common decision making processes
and a sustainable district logistics strategy that integrates the environmental, economic and
societal resources of a regioAn analysis of the local stakeholders should be made at the
beginning of a SDL based industrial symbiosis project, to reveal different interests and points
of view. The lists of stakeholders should comprise:

- the public sector (local governments andaggl authorities),

- the industrial sector (manufacturers and suppliers, SMEs, larger companies and
logistics operators),
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- environmental organizations, social service providers and representatives of the
civil society

As for stakeholder involvement in theogect, the following recommendations apply:

a wide spectrum of stakeholders must be addressed when the purposes of a SDL
project concerns a relationships between logistics issues and policy fields of
territorial planning

a core group of stakeholders shibbe identified when a SDL project needs to be
carried out in a short time,

alliance with public authorities is always desirable, since it should help to
overcome obstacles.

it is necessary to combine different expertise, professional roles and interests

i;lputs Transformation Outputs Utilisation
Raw Production processes Goods and Reduction of
materials, and structures services environment
semi finished consumption
products, etc. Re-utilisation
Recycling
Waste sinking

U U g 4

Sourcing Resource planning, Delivery Reverse logistics
(purchasing), handling and storage (physical and to recover products
storage, of goods, utilisation virtual and materials for
transport and packaging, distribution), remanufacturing or
inventory warchouses, recycling
management, stores, transport
transport

l

Figure 2. Logistics within Quality Cycle, Source: INNESTO Projétt

Ecoi ndustri al net work integrators shoul d

all the services and the instruments existing in the system, and they should:

gu.

- facilitate stakeholders participation in the project

- improve capacity and awareness of all participants/stakeholders to carry out
required tasks and roles.
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- favor exchange of best practices and experiences among participants inside and
outside the network

- favor soldarity among participants and local communities

- adjust services and instruments according to local needs and distinctive territorial
characteristics

- provide training and consultancy to develop the capacity of all the participants to
utilize available insttments and tools

- disseminate the industrial symbiosis approach through the activities of the network

3. THE SDL APPROACH

There are three recognizable phases in preparing a SDL based project:

- Local Context Analysi$ it provides hypotheses of innovatiegtions to improve
the regional logistics system

- District Logistics Analysis integration of the hypotheses from the previous step
with those concerning analyzed logistics flows and local business performances

- Local Scenario Workshopfinal integration ad validation of the LCA and DLA
hypotheses through a coherent vision of the future developments

The Local Context Analysis (LCA) aims to reveal the possible interrelationships between
the current players and logistics, the expected trends of logistiostlaer significant features
of each regional system (environmental, societal and economic).

In the District Logistics Analysis (DLA), flows (material, energy, information, human
resources) are explored alongside business performance (logistics costszatioyeal
networks). DLA elaborates and integrates results that are correlated with the LCA hypotheses
by using data collection techniques such as questionnaires [3, 6]. Questionnaires should be
tailor made according to the particular features of theoe@gllocal context, but most of them
should include:

- The flows (materials, products, energy, information, human resources)
- Logistics management and related costs:

- Inputs(sourcing, storage, transport)

- Transformationhandling, storage, use, packagitrgnsport)

- Outputs(distribution; warehousing; transport)

- Use of products (discharge of waste and auxiliary materials during the life cycle of a
product, all the way to reduction, reutilization, or recycle of its remains)

- Business organization and t®¢performance, economic assets and liabilities)
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It is noticeable that logistic management, if based on sustainability principles, closely
follows the Life Cycle Stages, as applied in product environmental impact analyses. This
observation gives impressi that both the personnel and channels for disseminating Life
Cycle Management (LCM) concept might be suitable to deal with dissemination of SDL
approach.

Diverse aspects are taken into consideration while applying SDL approach and they
regard the readiss and capacity to foster a new social and territorial deal towards SDL.
Those are clustered in three groups:

1 Human Resources (the individuals and their knowledge, skills and competencies,
entrepreneurial creativity, perception of new circumstances argbriopities,
integration of social and technical skills, etc.)

1 Social Capital (networks, associations, social cohesion, multiculturalism, capacity to
adopt common vision of local development)

1 Institutional Capital (organizational capacities, autonomy incisi@-making
processes, effectiveness of support services, distribution of responsibilities, access to
information, competences, collaboration)

The SDL approach and tools are flexibly adaptable to different local contexts since the
main goal is to estaish synergy and unity of diverse players and aspects (economic, societal
and environmental). Some of the typical fields of action in the framework of SDL are:

- making sustainable accessibility plan

- building virtual networks for increasing transport effiag in a region

- developing regional and local logistics among small and medium sized enterprises
- providing logistics related to renewable energy production and supply

- establishing crosborder cooperation between public and private actors in a regions,
where applicable.

Very important issue is level of integration into the local community.-iBdostrial
network (EIN) could provide a portion of its utility services to neighboring communities,
support educational system by providing professional trainidgcaarses, support housing of
employees and others from local community, etc. A successfully developed EIN could also
act as a business incubator, to support new business initiatives or expansion of existing ones.
While some of the local companies might ¢op join EIN, others could provide services to
member companies, from catering to parcel delivery or maintenance. Thus, EINs provide
great opportunity for development of publicivate partnerships (PPP) inside and outside the
network [1]. This is partidarly important since the PPP is considered the most promising
business organization model for transition countries of WB.
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4. THE SCOPE AND SIGNIFICANCE OF THE LOGIST ICS AS PERCEIVED BY
THE SMES

Most of the SMEs do not seem to be aware of the imporintte logistics, let alone its
impact on the environment and sustainable development issues. A part of the problem might
be in their inability to comprehend the scope of the logistics. Due to limited body of literature
related to sustainable logistics ®MEs in WB area, there are no scientific evidences for this
observation based exclusively on authorsoé ex

Most of the researches did not examine the logistics interpretation of the small and
mediumsized enterprises [7]. However, 90% of SMEs examid by V2zhS8ny-:
believed that logistics meant exclusively transportation and warehousing; 55% of them
regarded purchasing as the start of the process and delivery to the customer as its end [8].

Certain researches explored the level of significaofcile logistics as perceived by the
companies. In most cases, respondents considered logistics important, and they assigned it
great significance [8]. The Finish survey of 2006 revealed that mesized and smaller
enterprises were aware of the relevantdogistics [9]. In another Finnish research from
2008, large companies and medigsined enterprises considered the role of logistics more
important than their microand small counterparts. The reason was found to be growing
complexity of the supply clmge concurrent with the increase in company size. The biggest
difference was found among large companies and micro enterprises in terms of the

profitability effect of l ogistics [10] Grit
logistics when thexternal circumstances force it to do so or when the size of the company
creates the possibility of cost reduction L

provide a clear answer on the company size above which the small and rsetidm
enterpriges started to reflect on logistics [8,11].

5. RISKS WITH DEVELOPME NT OF AN EIN

Designing an ecindustrial network is a demanding endeavor that requires integration of
many fields of structural and social design as well as responsible detialong. Sacess
depends upon achieved level of collaboration among all the players. Lack of ability to
overcome focus on narrow interests within these groups and between them is a major risk,
especially in vulnerable economies of WA,

The main obstacle is the tathat some of benefits that come out of an EIN may only
become noticeable when savings are calculated in a longer time frame. Projects with a longer
payback period are usually less likely to appear attractive for investors, and thus require extra
effort when explaining the overall benefits. It is always advisable to involve in development
process some public entity supported by local government. Public investors usually possess
instruments to handle additional costs and to justify slower payback perit@hdyerm
societal benefits that are expected from anriedastrial establishment].

SMEs in the region of West Balkans are not used to share facilities and services.
Therefore they might be hesitant to rely on interdependence that involvement in an
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ervironmental network creates. Even more difficult might be to establish collaboration
between companies headquartered in different countries with very different cultures of doing
business. It could be the issue if logistic analyses show thatlmwodsr coperation is the

most favorable solution in terms of economy and environmental protection.

6. CONCLUSIONS

The most industrial networks include several small and medium enterprises (SMES). In
most of the cases they get together to benefit from sharedrceso logistics, services and
infrastructure, but they are usually unable to invest in new technologies that might improve
their environmental performance. Therefore, providing adequate financial support and
strategies is necessary for a dynamic developmeoperations.

Development of regional edadustrial initiatives has been recognized as promising
approach to deal with environmental issues in transition societies of Western Balkans. There
is a threat that irresponsible technology transfer mightgke\giving advantage to erud-
pipe technologies instead of creating sustainable -fodt solutions for environmental
burden. In such a circumstances, creation ofiedostrial networks that consist mainly of
SMEs would be compromised. However, there r@&sons to believe that preventive and
comprehensive solutions such as Industrial Ecology, Cleaner Production and Sustainable
Manufacturing and Logistics would prevail. Common environmental legislation of EU would
most probably curb obsolete strategieattibonfront establishing EIN in WB transition
countries.
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Abstract: Respecting human rights is often connected with environmental protection. This is
mostly truefor human rights to life and health, as well as all other human rights of the social,
economic, cultural and political fields. All human rights can be fully protected only in a
healthy environment. Insurance is a business, service business that pretews/itiual and

his property as a result of the events of many dangers, It is an institution which compensated
the damage caused in the society, its economy or in humans, due to the effects of destructive
natural disaster or accident. The paper pointsirtiportance of timely implementation of
preventive and quality of insurance and reinsurance in the field of environmental protection as
a key issue of social development.
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Abstract: A comparative review of the main characteristic of pyrometallurgical and
hydrometallurgical copper production from electronic waste was given in this paper. These
processes were compared according to followimgrenmenal andeconomic factors: gass
emission, solid waste generation, wastewater discharge, energy consumption and mass
balance, and production costs. Based on these parameters, it was concluded which copper
production process will be more acceptable process in theeffaking into account all the

facts which favour hydrometallurgical processes, it can be concluded that hydrometallurgy
will displace inefficient pyrometallurgicgbrocesses for obtaining copper from electronic
scrap in future.
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1. INTRODUCTION

During the seventies anthid-eighties of the last centuryhe main methodor metal
recovery from the -evastewas melting in furnacesfor melting metalsin existing smelters,
copper or lead. Since the mideighties, this trend is changing in favor of the
hydrometallurgicatreatmenbf electronic wast§l-3].

Metal recovery from the electronic waskas threemain phasedq4]: (a) selection
(selective dismantling and separationof hazardousor valuable componentsfor special
processingis a necessary step the recycling ofelectronic wasfe (b) enrichment(the
application ofmechanicabnd /or metallurgicaltreatmentin order to increasthe content of
useful componentsand preparematerialsfor the refining process) and (c) refinement(re-
obtainedmaterialswere purifiedmetallurgicaladequaterocedures toegainits original use
value.

The metal fractions separated fromvaste during preprocessing can be further processed
using hydrometallungal, pyrometallurgical, electrometallurgical, biometallurgical processes,
and their combinations. The hydrometallurgical and pyrometallurgical processes are the major
routes for processing of -waste. These routes may be followed by
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electrometallurgicallectrochemical  processes (for example electrorefining or
electrowinning) for selected metal separation and recovery. Currently, there are only limited
laboratory studies for-easte processing through biometallurgical routes, e.g., bioleaching of
metals fom ewaste. Nevertheless, this route has a potential for further develofBhent

Pyrometallurgy, or the use of heat for the treatment, includes smelting and roasting. It
i nvolves heating in a furnace at temihadr at ur
can be refinedTheoxide waste is heated with a reducing agent, such as carbon in thefform
coke or coal; the oxygen dhe metal combines with the carbon and is removed in carbon
dioxide gas. The waste material lwaste(nonrmetallic parts) isalled gangue; it is removed
by means of gubstance called a flux whiclwhen heated, combines with itfiarm a molten
mass called slagdeing ighter than the metal, the sléigats on it and can be skimmed or
drawn off[6,7].

Hydrometallurgy, someties called leaching, involves the séiee dissolution of metals
from theirwaste. It involves the use of agueous chemicals and much lower &uompsrto
separate metal. Metaé recovered by electrolysis of the solution. If metal obtained from
waste stil contains impuritiesspecial efining processes are requiréithe decision whether
to use hydrometallurgy or pyrometallurgyncéde seen from various concerimeluding
environment and economy. Low waste technology solutions pravideal answer to the
increasing requirements of environmental legislation. Instead ok westitment and waste
disposal,new technologies for waste avoidance are a challenge todal. t8chnologies
should meet theemand for economical use of raw materials and an energyfytooe and
contribute to efficiency imndustry[8-10].

Environmental regulations will be more restrictive in the future. Themdifure for waste
disposal andwvater use as well as energy, materials and labour will increase and internal
regycling processe will become indispensable tools for successful industrial opera#ons.
low waste technology solutioshould always be preferred as it minimizes the threat of
environmental legislatiofiL1-12].

Low waste technology solutions can be directed towardsrialatecycling and heat
recovery which contributes to economy. Chemical treatments improve on ndmaqi
impurity build-up, and toxicompounds may be substitutable for less harmful constituents.

2 EMVIRONMENT AL PARAMETERS

2.1GASS EMISSION

The basic oeration is the direct introduction ofweaste into a furnace mixed with a
reducer and smelting agent. This operation is accompanied with strong gas emissions
including: CQ/CO coming from oxidation of carbon used as the reducer, dust of scrap metals
and oher components, green house effect gases like Sg) HCIl and ND, organic volatile
compounds and dioxins.

The burning of waste in the presence of oxygen, especially waste with plastic and other
organic material content generate toxic gases such assfarah dioxins. Such gases are
carcinogenic andincrease the risk of contracting respiratory disease. Incineraoiseba
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found to be the largegtroducers of dioxins and furans. Incineration produces ash with
concentrated amounts of heavy metals, sudleas arsenic and cadmium. These chemicals
are well known to cause birth defects, cancer, regpyratilments and reproductive
dysfunction among people who live near incineration plants. Beside this, incomplete
combustion may generate carbon monoxide absb volatile compounds, including
formaldehyde and acetaldehyde. The treatment of these gases involves large capital
investments in advanced technologies and equipment.

The amount of sulfur dioxide released depends

1. On the characteristics of the typkewaste- complex ones may contain lead, zinc and
nickel
2. Whether facilities are in place for capturing and converting the sulfur dioxide.

SO, emissions may range from ledsah 4 kg/t of copper to 2000 kg/t ofopper.
Particulate emissions can ranfyem 0.1 kg/t of copper to as high as 20 kg/t of copper.
Fugitive emissions occur at furnace openings and from launders, casting molds, and ladles
carrying molten materials. Additional fugitive particulate emissions occur from materials
handling and trangpt of ores and concentrates. The smelting furnace will generate process
gas streams with SQroncentrationgsanging from 0.5% to 80%, depending on the process
used. Vapors of arsenic and mercury are also present at high gas temperatures, which required
additional scrubbing for removaModern plants using good industrial practices should set as
targets total dust releases of i3 kg/t ofcopper and S@discharges of 25 kg/t of copper.

Hydrometallurgy generates some hazardous gases such ase;ioxius and hydrogen
cyanidgyases which is possible to be treated by a simy8esthge scrubber system with a
chemical scrubbing solution. In contrast to a furnace process, chemical process also generates
wastewater. However, as the treatment of these gaskswastewater utilizes common
established technology, its efficiency can be justified with much lower capital investment. No
gases can escape and solvents are fully trapped atroom temperature, where it is not in position
to produce dioxins or other greenise effects. Hydrometallurgy is more environmentally
friendly, also as sulphur is presented as either a stable sulphate or elemental sulphur rather
than sulphur dioxide emissions.

There are global environmental concerns to smelting activities, which sgesmely
harmful pollutants into the atmosphere. Smelting with pollution control equipment is
extremely expensive, which contributes directly to the high cost.

2.2S0OLID WASTE GENERATON

In pyrometallurgy, almost all waste content is burnt to ashesrborand leaving behind
also a mixture of heavy metals. Useful materials such as plastics, which might otherwise be
further recycled into rengineering plastic are also being burnt (this is in the event that feed
materials did not go through initial mecheal separation stage). Other lesser important
content such as paper, ceramics, glass and fibers which could also be reused as filler or flux in
certain products are also nogcoverable. It is estimated that for every three tonnes of waste
that is incineated, one ton of ash is generated. The main portion of the solid waste is
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discarded slag from the smelter. This ash is very toxic, containing concentrated amounts of
heavy metals and dioxins which, when buried, will eventually leach into the soil, pdyenti
polluting groundwater.

The end product of ashes or carbon eventually ends up in landfill, while the mixture of
heavy metals undergoes further segregation and refining via chemical process or smelting
process. The heavy metals mixture recovered maygdvered or trapped within carbon
residue, which makes it more complicatedfor downstream refining. Slag requires special
treatment, e.g., slow cooling, grinding, and flotation or treatment in an electric furnace to
recover its copper content which represemheavy recycling load.

By using hydrometallurgy, almost all waste components (not only heavy metals) could be
segregated and recovered for further recycling wse Each component refining stage could
be accomplished in one process, without the rieediversion to another process. Leaching
processes produce residues, while effluent treatment results in sludges which can be sent for
metals recovery.

2.3WASTEWATER DISCHARGE

Wastewater from primary copper production contains dissolved apeisdedolids that
may includeconcentrations of copper, lead, cadmium, zinc, arsenic, and marudimgsidues
from mold releasagents (lime or aluminum oxides). Fluoride may also be present, and the
effluent may have a low pH.

Normally there is no liquid efflent from the smelter other than coolingater;
wastewaters do originat@ scrubbers (if used), wet electrostatic precipitators, coading
copper cathodes, and so émthe electrolytic refining process, 4pyoducts such as gold and
silver ae collectedas slimes that argubsequently recovered. Sources of wastewater include
spent electrolyt baths, slimes recovery, spauid from hydrometallurgy processes, cooling
water, air scrubbers, washwns, stormwater, angludges from wastewater treatment
proceses that require reuse/recovery or appropriate disposal.

2.4ENERGY CONSUMPTION AID MASS BALANCE

In terms of mass balance, smelting leads to higher loss of metalengsared to
hydrometallurgy.

The main factors are: loss of metals into the dtzggof metals on the refractorig®ss of
dust and high volatile productkarge amounts of fuel are required for the melting process.
The route ér production of cathode coppeequires large amounts of energy per ton of
copper: 3040 million British thermal units (Btu) per ton ofcathode copper. In terms of
energy use, there is no doubt that smelting = high energy consumption.

Hydrometallurgy leads to a higher recovery rate due to relative ease in leaching of product
and thepossibility of cascading re-circulating solid waste to the next step and achieving a
high recovery ratewith chemical pecipitation of electravinning. Compared to
pyrometallurgy, direct fuel consumption of hydrometallurgy is almost negligibleh€uther
hand, it should be noted that produce a ton of copper catleodhis process requires around
313400 kWh. This means that, if the present fuel mix in electricity géoaraemains
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constant, indirectemissions due to hydrometallurgy production in the year 2001 would
probably attain 3.& 106 ton ofCO,, considering unit emissions of 0.68 kg £QVh and a
production of 1.56 million tons otathodesHydrometallurgical routes have become more
popular to researchelbause: energy costs are lowigre pollutionconscious communities
require”zero discharge” typeonditions; whether for air awater, as smelting processes are
made "leak proof" the impurgs become more of a problem @oncentrating copper;
hydrometallurgical processes by contrast capasse impurities better andperating
temperatures are much lower making plants easier to operate.

3. CONCLUSIONS

Hydrometallurgy allows a real sustainable growth process considering the following
aspects, given in summarized table 1:

Table 1. Pyrometallurgy vs. hydrometallurgy compareddnjous issues

Issue Pyrometallurgy Hydrometallurgy
Gass emission High, varies from CQ Low (room temperature) and
greenhouse gaseous, volatile | easy to treat
organic carbon
Dioxin potential High No dioxins
Dust potential High, during material Low, dissolve in solution or
handlingand transport taken care off by pollution
control equipment
Economics Huge investment capital and High job creation as
low job creation processes involved are labour
intensive
Social acceptance Low, due to high High, cleaner environment
environmentaliabilities with highly effective and
mature pollution control
methodology
Energy Hi gh (up t o 12(Low (roomtemperature)
Recovery rate Low (only fraction of High recovery, clean
metals), useful nemetals separation of material types
are incinerated and enable individual effective
impossible to reccer recovery
Final residue High. (slag and dusts), Low. Only mixed plastics,
potential metal trapped to which could be recycled into
reduce recovery effectiveness | engineered plas
Work place conditiong Hard conditions around Clean condition
furnaces
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Taking intoaccount allthe facts which favour hydrometallurgical processesan be
concluded thathydrometallurgy will diplace inefficient pyrometallurgicaprocesses for
obtaining copper from electronic scrap in future. There are at least two examples which bear
witness to this: a) Zinc was produced for over 400 years by a fully pyrometallurgical route.
Since 1980, a fully hydrometallurgical process was invented (Shendttlave process) and
four plants are now in operation using this technology; b) Alumina was first produced by a
high temperature sintering process was replaced by Bayer's hydrometallurgical process in
1892 - the process used today worldwidgéydrometallury has also broadened the metal
extraction options, as a more obvious extraction options compared to pyrometallurgy.
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Abstract: Slag processing can have two goals: either to produce commerciabie
materials and to resolve environmental issues. In terms of the growing demand for resources
and the increasing of the shortage of the water supply, application of dry separratiesses

of the slags andaw materials are raised. This paper discuss: processes of fikngrand

dry separation of the slags, metal recovery from the slags, and production of high value
construction materials and possibility of its using in civilustry. Also, results from
laboratory and pilot testing will be presented.

Keywords: Slag, dry separation processes, metal recovery
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Abstract: This work provides the analysis of average annual values ofyhmatal ion
concentration, andf average annual values of total dry residue and suspended solids, as well
as of pH values of the wasvater released by the Copper mine in Majdanpek and its
influence on the River Veliki Pek in the period 268&L2. The analysis has shown that
particular results in particular intervals of time exceed the allowed upper concentration values
which are defied in the legislation of the Republic of Serbia. The final results have been
compared to the allowed upper concentration values recomended by the World Health
Organization Policy and the Eapean Union Directive 98/83/EC.

Keywords: wastewater, heavy metalry residue, suspended solids, Copper mine Majdanpek,
Veliki Pek

1.INTRODUCTION

20" century technological development and a dynamic industrial development have
caused a permanent increase of the amount of wastewaters. Due to the expansioniaf industr
production, there is a wide scale pollution detected in the wastewaters. The wastewater
composition is complex and encompasses different kinds of pollution. Classification is done
on the basis of wastewater origimunicipal urban wastewater, industrizvastewater and
agrocomplex wastewater. This work considers the industrial wastewater and its polluters.
Concentration and type of a pollutant depend on the kind of a technological process, raw
material kind and products. Many processes, being discanisilead to a different regime
of producing and releasing wastewaters in different types of production. The dynamics of
sampling, the type of a sample, a particular analyzing period during a month or a year are
defined on the basis of a production teclagl while the situational polluter plan presents
the number of releases, the location of releases and the place of sampling.

All kinds of water already used up for some purpose, either in homes, industry or
agriculture, are to be collected as wastewatprscessed properly and conducted to the
receivers without harmful effects on the environment and without damaging the natural water
cycle. The receivers of wastewaters may be natural watevers, lakes, seas, but in some
cases most of wastewater, ffopessed adequately, may be reused for initial or some other
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processes. Due to the differences in wastewater composition, different materials are used in
construction of a drainage system for different types of wastewaters.

Wastewater characteristics cam diefined by the use of physical, chemical and biological
indicators. Physical indicators related to the quality of sampled waters are: suspended
particles, dissolved solids, total dry residue, etc. Suspended particles may be either of organic
or nonrrorganc origin. Deposited in calm waters, they endanger the living creatures at the
bottom of watercourses and decrease the transparency of water. lons and other solid
molecules are adsorbed onto them. Dry residue forms dissolved colloidal and molecularly
dispesed admixtures, without dissolved gasses, and is expressed in mg/dma3.

Chemical indicators of the quality of sampled waters are: pH values, water hardness and
alkalinity. In natural waters, pH value is primarily a function of carbon system that is made of
carbon dioxide (C§), carbonic acid (HCOs), bicarbonates (HC£) and carbonates (GO).
Measuring pH values is very important because of the influence of pH on chemical and
biological characteristics of water. Practically based, pH of a water solutotefireed as a
negative decimal logarithm of the concentration of hydrogen ions (the activity of hydrogen
ions). Water hardness is caused by dissolved salts of calcium and magnesium in it. The
concentration of calcium is the highest, due to its preserticenie Ear t hds cr ust
a mineral calcite, dolomite etc. Alkalinity is caused by hydroxides, carbonates and
bicarbonates of alkaline and alkaline earth metals, mostly by calcium, magnesium, natrium
and potassium. Alkalinity value also includesdies, phosphates and silicates, if they are
present. The alkalinity of water is expressed as the content of {iaG@y/dnt of water.

Heavy metal ions like iron, lead, copper, zinc and others are present in the wastewater of the
filtrating section.

Accordng to the Water Classification Statute of the Republic of Serbia, the River Veliki
Pek belongs to the third class of waters. The World Health Organization Policy and the
European Union Directive 98/83/EC prescribe limited values related to the presence of
polluters in wastewaters. This work deals with the testing of phyiemical purity of the
River Veliki Pek before the inflow of filtrating section wastewater, and of the filtrating
section wastewater itself, as well as of the River Veliki Pek afteintt@v of filtrating
section wastewater, and then the final results are compared to the values prescribed in
formerly mentioned policies and directives.

2.WATER SAMPLING AND A NALYSIS

Copper ore was found in Majdanpek at the end of 1953, when theegsamtaining
about 85 million tons with an average content of 0.83% Cu were confirmed to exist at the site

AJugni reviro. Taking these reserves of
exploration, the Federal Executive Council decided on foundingc o mpany A Rudn
Maj danpek?o, or Copper Mi ne Maj danpek (16.

constructing a mine were granted, and the construction work began at the end of 1957.
Production process of Copper Mine Majdanpek can be mostly vi¢hvedgh several

phases: the excavation of muck or ore, fragmentation and flotation of ore. What is interesting

for this work to be mentioned is a technol
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flotation department. During the process ofurdtion water, calx and reagents necessary for
flotation are being dosed and put into the mills (fragmentation up to the 20 mm size). The
pulp which has been got that way goes into hydrocyclones where separation takes place on
overflow which is further expsed to the flotation process and on the underflow which is
brought back into the ball mill. The product of grinding goes into the conditioner, then into
the pulp separator, from which it is evenly distributed into the flotation machines. Flotation as
a whole consists of a basic flotation and three purification processes.

On the right from the bank of the River Veliki Pek, in the vicinity of the village of Debeli
Lug, a filtrating section was built. During the processing of flotation concentration, two
products are got concentrate consisting of about 20% of solid phase and flotation muck
consisting of 1218% of solid phase. Copper concentrate is brought into thickeners where the
solid phase content is increased up to 50 %. Thickened product is grasitgttcensported
through a 3270m long tunnel to the filtrating section in Debeli Lug, where a collector tank
receives it, and from where it is further transported by the use of the pumps to the vacuum
filters. The cake from the vacuum filters drops on®adksembly conveyors, and then into the
railway wagons. Fluid phase is transported from the vacuum filters into the thickener and then
into the precipitator, where gravitational purification of the filtrate representing wastewater of
the filtration processakes place. Thus gravitationally purified, wastewater is released from
the precipitator into the recipient, the River Veliki R&l9].

Filtrating section wastewater purification system was constructed in 1970 and it consists
of a thickener and precipttar. The thickener is a concrete pool of a circular shape whose
diameter is 28m long. Its surface of &F0provides the mechanical ability of the thickener to
thicken even greater masses than those regularly dealt with during the production process.
Overflow is released from the thickener into the precipitator where further mechanical
wastewater purification takes place.

Reinforced concrete was used for building the precipitator consisting of two chambers
whose dimensions are 8x38 and depth 2.5m. Each ldraman be filled or emptied
alternatively and individually. Currently, both gravitational precipitators are functioning
properly providing the increased efficiency of wastewater purification due to a longer period
of retention in the precipitator itselfAfter gravitational purification in the precipitator,
wastewater is taken away through the land channel to the River Veliki Pek. The land channel
is 1.53.0 wide, 1.41.6 deep and 600m long (1,9).

In order to achieve the best possible results of coppeceotrate thickening and
filtrating, wastewater preurification takes place in the thickeners whose diameters are 28
and 10m. The water released into the River Veliki Pek is examined three or four times a year,
as well as the quality of the River Veliki Pbefore and after the release of filtrating section
wastewater. The quality of water is examined by an accredited institution, National Institute
of Public Health O66Timokdd Zajelar (10, 11
precipitators, froowher e it i s released into the recipi
view of the Copper mine Majdanpek filtrating section, along with the places of sampling and
the course of the River Veliki Pek.
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Figurel. satel |l it e 6 minevMajdampelbofiltratingnsectiof, alpng with the
places of sampling and the course of the River Veliki Pek: (I) The River Veliki Pek before
wastewater inflow, (Il) Filtrating section wastewater, (Ill) The River Veliki Pek after
wastewater inflow (1)

Dry residue is examined in laboratory (gravimetric method) by evaporating a measured
volume of filtered water and drying the residue at 110 C, until constant weight of residue is
reached. In order to get measurable quantities of dry residue, 10 dm3 of ededsns
evaporated.

pH scale ranges from 0 to 14 (very avigty alkaline). The value of pH 7 is related to a
neutral environment at 289.16 K (5. PH value is determined by pHeter. The method of
atomic absorption spectrophotometry (AAS) was used foasoming heavy metal ion
concentration in the wastewater. Complexometric method was used for determining the
hardness of water. Alkalinity was measured by titration of water using Sulphuric acid solution
and indicators as phenolphthalein and methylorange.

3.DISCUSSION AND RESULTS

This work is related to the results gathered from three sampling sites in the peried 2008
2012. The results are presented in Table 1, as well as maximal values of indicator
concentration (MDK) prescribed for the third class @itev, to which the River Veliki Pek
belongs.
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Table 2. The results of the analysis from three sampling places in the periecAA208

Mesto uzorkovanja

Indicators Parameter | T M
Min 7.38 7.68 7.53
Max 8.81 13.05 9.20
pH value Average Value 7.95 10.24 8.49
MDK 6. 07109
Min 0.008 0.672 0.035
3 Max 4.412 7.552 0.884
Overall Cu, mg/dm Average Value 0.313 3.24 0.278
MDK 0.1
Min 0.092 0.736 0.137
3 Max 5.090 6.576 4.810
Overall Fe ! mg/dm Average Value 1.071 2.989 0.966
MDK 1.0
Min 0.01 0.01 0.01
Max 0.333 2.255 0.126
Overall Pb' mg/ dm3 Average Value 0.036 0.562 0.027
MDK 0.1
Min 200 1980 180
. 3 Max 748 3840 888
Overall dry residue mg/ dm Average Value 395 2547 491
MDK 1500
Min 0 21.2 0.2
. 3 Max 47.4 184.6 18.2
Suspendedparticles mg/ dm Average Value 6.76 64.68 731
MDK 80
Min 0.002 0.002 0.002
3 Max 0.025 0.026 0.091
Overall CI’, mg/ dm Average Value 0.0051 0.0068 0.00906
MDK 0.1
Min 76.3 106,2 59,58
- 3 Max 472.3 1864,2 373,4
SulphatesSO4 . mg/ dm Average Value 174.82 906,55 147,74
MDK /
Min 0.001 0,001 0,001
Max 0.01 0,029 0,007
AS, mg/ dnf Average Value 0.0029 0,0099 0,0032
MDK 0.05
Min 0.015 0,01 0,019
3 Max 0.088 0,132 2.442
Mn mg/ dm Average Value 0.054 0,047 0,195
MDK /
Min 0.001 0,001 0,001
Max 0.005 0,004 0,004
Cd mg/ dm3 Average Value 0.00213 0,002 0,0021
MDK 0.01
Min 0.025 0,082 0,049
3 Max 0.651 1,162 0,727
Zn, mg/ dm Average Value 0.082 0,316 0,126
MDK 1.0
Min 0.10 0,03 0,07
3- 3 Max 0.49 0,4 1,17
Overall phosphatesPO,” mg/ dm Average \alue 025 032 0.22
MDK /
Min 2 2,7 8,4
. 3 Max 16.7 11,73 13,6
Dissolved oxygen mg/ dm O, Average Value 11.77 8,53 11,81
MDK At least 4
Min 6.6 3,1 3,4
. 3 Max 20.3 178,6 20,9
KmnO 4 consumptionmg/ dm Average Value 9.37 64,66 10,14
MDK /
Min 0.01 0,01 0,01
. 3 Max 0.29 0,46 0,68
Fluoride mg/dm Average Value 0.08 0,17 0,14
MDK /
Min 0.01 0,01 0,01
. 3 Max 22 0,41 0,3
Anion detergentsmg/ dm Average Value 0.173 0.097 0.061
MDK 1.0
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Table 1. shows that minimal pH value of samplesridkaem three sampling places ranges
7.387.68, and that maximal pH value overcomes the maximal prescribed indicator
concentration values (MDK) in samples taken from Il and Il sampling site -(RB{5).
Maximal prescribed copper ion concentration valusugassed even in the samples with
minimal concentration, while maximal copper ion concentration value goes up to 7.552
mg/dn?, as it is measured in the filtrating section wastewater sample. It is also obvious that
iron ion and lead ion concentration veduare higher in the samples taken from the second
sampling site, and that after filtrating section processing of wastewater these values are higher
than prescribed in the samples taken from the third sampling site. All the other indicators of
the sampleare under legally prescribed maximal values.

4. CONCLUSION

Based on the analysis of the results related to the quality of the Copper mine Majdanpek
filtrating section wastewater and the River Veliki Pek, it is evident that annual average pH
value in theRiver Veliki Pek after the inflow of filtrating section wastewater overcomes
maximal prescribed indicator concentration values.

The presented results lead to a conclusion that the parameter values widely ranged in the
period 20082012. In earlier years thafluence was greater, but gradually decreased through
years. By practicing the prescribed legislation, as well as decreasing the impact it has had on
the environment (in this case on waterways), the Copper mine Majdanpek has done a lot of
work to contrilute to improvement of the quality of wastewaters, diminishing the pollution of
the River Veliki Pek in the same time. Rubber curtains increasing gravitational precipitation
were placed in the 30m long precipitators in order to improve gravitational ptiagfic
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SUSTAINABLE DEVELOPM ENT IN MACEDONIAN
ORGANISATIONS
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Institute for Research in Environment, Civil Engineering and Ene3ggpje, Macedonia
angelinatv@gmail.copslavicacukic@yahoo.conmgugovska@hotmail.com

Abstract:

Purpose: The purpose of this paper is to examine the current situatioMaicedonian
organisitionsand their awareness of sustainability and incorporatumgjainable actions in
everyday activities and strategic planning

Design/methodology/approaciesk esearch will be conducted anahg the websites of

top organisations in Macedonia, focusing on sustainable development actions in their strategy
and eveyday activities. Also, we will conduct an interview with top managers assessing the
awareness they have on sustainable development, measures taken so far, as well as their
future commitment.

Some of he questions that we have in this study ésethere ay awareness and activities
regarding sustainable development in Macedonian organisations?; What type of activities are
currently conducted or planned in the future?; Is there a correlation with corporate social
responsibility activities and their strategplans?; Do they communicate their sustainable
activities externally and internally?; What are the obstacles preventing Macedonian
organisations to be more involved in sustainable development actions?.

Findings: The results fom the study will help answehe questions concernirgustainable
development in Macedonian orgaatisns and guiding and supporting managerial decisions

in creating sustainable orgaatfons as well as policy making

Research limitations/implicationsThere is a literature gap ithe area ofsustainable
developmenin Macedoniaand Macedonian organisations

Practical implications: This studywill increase the understanding and awareness about
sustainable developmerts well as the influenaé has on stakeholders. This study deaip

in future policy making and further research in this area.

Originality/value: This research contributes to the field by offering support and new findings.
This study adds to the body of literature in what is considered relatively new and unexplored
area of study. The survey conducted among Macedonian eagjanis contributes a lot for

the knowledge abowustainable developmeint Macedonia.

Keywords: Sustainable Development, Strategy, Policy Making, Corporate Social
Responsibility Organizations, Mcedonia.
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1. INTRODUCTION

Sustainable devel opment was defined in the
the United Nations (UN) world commission on the environment and development. [1] The
focus of this report watstheoneedstohtbe pregeert withbub p me n
compromising the ability of future generatio

However, the concept of sustainable develo
until 1992 when the UN held a conference on environmentdawklopment in Rio de
Janeiro, Brazil. [2] Now, under the principles of the UN charter, the millennium declaration
identified principles and treaties on sustainable development, including economic
development, social development and environmental proted8]

Ultimately, sustainable development should address the issues of scarce resources,
production, technology, expanding scales of economic activities and environmental pressures.
Therefore, the ultimate purpose of sustainable development is to fiysl amal methods to
transparently and ethically address these issues, with responsibility for the wellbeing of
current and future generations. It is a mdlthensional concept and should be approached
and researched in tradssciplinary manner.

In this pagr, we are studying the behaviour of organisations and the activities that are
being conducted around sustainable development. The importance of this theme is-the inter
connections between business organisations, the community and the environment.

Todayin the global world there is a lot of research that has and continues to be conducted
on this topic. Therefore, there is awareness of this theme in the global business world, but
most organisations have not gone the extra step of creating actual strateigiesiaties for
this. Or if they have, they have not measured the impact of their business decisions on the
environment and sustainable development.

It is important to note that the goal of this paper is to assess the current situation in the
Republic ofMacedonia.

1.1THE IMPORTANCE OF SI$TAINABLE DEVELOPMENT

Organisations around the world (including Macedonia) are facing high levels of criticism
for their limited role in a number of social, environmental and economic issues. However, the
issues of chnate change, social inequity and the recent economic recession motivated a lot of
organisations to take more responsible actions towards sustainable development.

Another important business issue that is increasingly impacting business decisions is that
of environmental and the broader sustainability performance. There is a compelling financial,
regul atory, and mar ket pl ace opportunity to
mitigate environmental risks and enhance opportunities. [4]

Overall, thethree pillars of sustainability are economy, society and the environment. [5]
However, we also need to be aware that the current and future challenges of organisations are
to ensure profitability through these pillars.
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If this is achieved, then organisas will pursue new business models, organisational
structures and transformational leadership that will support this process of change. The
business values will also change, and new priorities and policies will be implemented.

2. SUSTAINABLE BUSINESS PRACTICES

The European Unionés (EU) definition for
sustainable development is towards a concept whereby organisations integrate social and
environmental concerns in their business operations and in their interactiontheith
stakeholders on a voluntary basis. The activities reflect the welfare for society and should be
considered as management strategies. The EU also considers CSR to be inherently linked to
sustainable development, which is the integration of all taspects of environmental, social
and economic impacts into the EU's analysis and deemsaking. [7]

Recently, the UN Global Compact called for global attention at the Rio+20 conference
of June 2012. [8] Also, The International Organization for Standatidiz (ISO) launched a
number of CSR guidelines that have achieved international popularity. The 1SO14000 series
of 1996 deals with environmental management and the recent ISO26000 series of 2010 deals
with social responsibilities. [9]

The number of orgasations that are working proactively and are setting their priorities
towards sustainability is growing dailyrhey are communicating this through the media and
the progress of implementing their action plans on sustainability and the measurements done
in this field. The analysis shows that organisations are changing and developing business
values adequate to the new era of development.

3.RESEARCH METHODOLOGY

Research Problem

- How can organisations be motivated to lower their environmental cimaad
translate this into practice?

- Which factors are driving environmental and sustainable decisions for
organisations?

- The environmental considerations are very often perceived as barriers to
profitability. Therefore, the costs of rdgtions are rarely considered as part of the
business strategy.

- How many organisations have a proactive attitude towards sustainable development
and integrate and implement responsible actions?

The purpose of this paper is to explore the reseguastions:

- Is there any awareness or activities regarding sustainable development in
organisations operating in Macedonia?
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- What types of activities are currently conducted or planned in the future?

- Is there are correlation witlsorporate social responsibility activities and their
strategic plans?

- Do organisations communicate their sustainable activities externally and internally?

Based on the research problems and theories, the following hypothesis has been
formulated.

- The current situation of organisations in Macedonia in terms of sustainable
development is on a very low level.

- Only a small number of organisations have sustainability activities and have a
proactive role in mitigating environmental rssk

- Only a few organisations operating in Macedonia recognise the importance of
sustainability and have implemented this into their business strataggion,
Mission and Goals.

3.1.SAMPLE

The sample group consisted of the top 100 organisatperating in Macedonia, which
were the most profitable in 2013 according to The Kapital MagazirMost of these
organisations are located in the capital city, Skopje and a smaller number of organisations are
located in other towns in Macedonia (Figje

m Skopje

E Bitola

m Kavadarci
m Kratovo

m Struga

m Shtip

m Radovish
® Ohrid

= Gevgelija
m Kochani

Figure 1. Locations of the top 100 organisations operating in Macedonia

The industries in which these organisations operate in have been grouped into the
following categories: trade, telecommunications and IT, civil engineering, medicine and
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pharmay, media and TV, manufacturing, oil and gas, mining, energy, services and logistics
and transport (Figure 2).

logistics and transport
oil and gas
manufacturing
media and TV
medicine and pharmacy:
civil engineering
telecommunications and |
trade
mining
energy
services

m Series2

Figure 2. Industry categories of the top 100 organisations operating in Macedonia
The revenue of these organisations in 2013 was betweenilligh euros to 54 million
euros, and they employed between 1 and 2,257 personnel in the same year.

3.2. DATA COLLECTION

Within these past two months, we collected data by analysing the websites of the top 100
organisations operating in Macedonia amgestigated the media reports and news available
for these organisations.

3.3.MEASUREMENT OF VARIABLES

The desk research was focused on measuring and analysing the variables, including the
organisations vision, mission, goals, action plan for sustéityalactivities in sustainability,
corporate social responsibility, and the UN global compact.

We also crosseferenced their social corporate responsibilities and action plans with

activities for sustainability.
3.4.DATA ANALYSIS AND HY POTHESIS TESTINXE

Descriptive statistics for all the variables are presented in the following tables. In Table 1,

the frequency and percentage of an organi sa

mission statement are presented.
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Table 1. Frequency and percerdarf organisations use of sustainability in mission
statements

Organisations use of sustainability in mission stater; Yes | No | No data

Number of organisations 18 51 31

Percentage 18% | 51% | 31%
In Table 1, it can be clearly seen that less than 20%eobtganisations have mentioned

the word Asustainabilityo in their mission s
Il n Table 2, the frequency and percentage o

in their vision statement are presented.

Table 2. Frequency and percentagergfanisations use of sustainability in vision statements

Organisations use of sustainability in vision staten] Yes | No | No data

Number of organisations 16 53 31

Percentage 16% | 53% | 31%
In Table 2, it can be clearly seen that only 16% of the orgaomsahave mentioned the

word Asustainabilityo in their vision staterm
I n Table 3, the frequency and percentage o

in their goals are presented.

Table 3. Frequency and percentage of organisations usetairgbility in goals

Organi sationso® g( Yes| No |Nodata

Number of organisations 20 49 31
Percentage 20% | 49% | 31%

In Table 3, the data shows that almost half of the organisations have not mentioned the
wor d Asustainabilityo heir i ngoals. t
I n Table 4, the frequency and percentage of

for sustainability are presented.

Table 4. Frequency and percentage of organisations that have action plans for sustainability

Organisations actioplans for sustainability Yes | No | No data

Number of organisations 13 56 31

Percentage 13% | 56% | 31%

In Table 4, the data shows an alarming drop (less than 13%) in organisations that have
developed action plans for sustainability, and communicatedldmgirough the media.

I n Table 5, the frequency and percentage
activities focused on sustainability, such as environmental protection.
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Table 5. Frequency and percentage of organisations activities focused arabigia

Organisationsctivities focused on sustainabili Yes | No | No data
Number of organisations 25 44 31
Percentage 25% | 44% | 31%

In Table 5, it can be noted that the percentage of organisations that have corporate social

responsibility (CSR) adtities is slightly highei 25 %.
t he

I n Tabl e
activities are presented.

6,

frequency

and

Table 6. Frequency and percentage of organisations CSR activities

Organisations CSR activitif Yes | No | Nodata
Number of organisations 25 44 31
Percentage 25% | 44% | 31%

percentage

In Table 6, it can be noted that the percentage of organisations that have CSR activities is
slightly higheri 25 %.

In Table 7, the frequency and percentage of whether or not organis#tieyshave
implemented the UN Global Compact.

Table 7. Frequency and percentage of organisations implemented the UN Global Compact

Organisations implementation of UN Global Compi Yes | No | No data
Number of organisations 2 66 31
Percentage 2% | 66% | 31%

In Table 7, it can be seen that only 2% of the organisations have signed the UN Global
Compact initiative and are communicating on the principles to the media.

We also crosseferenced the organisations social corporate responsibility and action plans
with their activities for sustainability. The results are as follows:

I n Tabl e 8, the frequency and
activities in sustainability are presented.

percentage of

Table 8. Frequency and percentage of organisatiasitve CSR and action plans on
sustainability

Organisations CSR and sustainability action pli Yes | No | No data
Number of organisations 21 48 31
Percentage 21% | 48% | 31%

In Table 8, it can be seen that only 21% of the organisations have CSR actindidave

developed action plans on sustainability.
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In Table 9, the frequency and percentage of organisations that have or do not have CSR
activities, action plans on sustainability and sustainable activities.

Table 9. Frequency and percentage of orgdiniss CSR activities, sustainability action
plans, and sustainability activities

Organisations CSRctivities sustainablection plai and Yes| No No
sustainabilityactivities data

Number of organisations 9 60 31
Percentage 9% | 60% | 31%

In Table 9,it can be clearly seen that only 9% of the organisations have CSR activities,
have developed action plans on sustainability and are implementing activities in sustainability
(like waste management, environmental protection, energy efficiency actions etc.).

4. CONCLUSION

Based on the results, we expected to find the hypotheses listed above. We can therefore
conclude that this sample of organisations operating in Macedonia do not invest their
resources and/or capital in developing sustainable stratediesisaactivities and solutions.

Further evidence supporting this claim include:

- less than 20 per cent of organisations are aware of the importance of sustainability
and have mentioned this in their vision, mission, goals etc.

- only 13 pe cent of this sample have developed action plans for sustainability and
are preactive in this field.

- approximately 25 per cent of the organisations have completed activities in
sustainability, specifically for environmental protection, enerdfjciency and
utilising ecofriendly resources. However, we did not find any data regarding
activitiesthat deal with climate change.

- Only 25 per cent of the sample reported activities based around corporate social
responsibility. Organisations epating in Macedonia (predominately the foreign
investments) have started to recognise the importance of CSR and implementing this
in their activities. However, these activities are more focused on helping the
community such as donatiorsponsorships armgtholarships.

- In regards to the UN global compact, we can conclude that 98 out of the 100
organisations in this sample have not signed this initiative and nor have they
established any other standard for corporate social responsibility.

- 21 organisations have corporate social responsibility activities regarding
environmental protection and sustainable development. With further analysis, we
concluded that only 5 organisations are Macedonian owned companies.
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- 9 organisations have aati plans for sustainability and are currently doing social
responsibility activities.
Note that for 31 organisations, we could not even find relevant data to comment on.

Implications for future theory and research

This research provided an initial examiilon of the current situation for sustainable
development in the top 100 organisation that operate in Macedonia, and has sparked
numerous additional questions that need to be addressed by future research studies.

Research such as this one are rare in Mawe, and therefore, it would be best to
replicate the same study on other organisation samples so that it can provide more data about
organisations operating in Macedonia and their focus and activities regarding sustainability.

Additional research questis can include the following:

- Attitudes towards sustainable development

- Sustainable business priorities

- Factors driving sustainable decisions

- Correlation between business values and sustainable development
- Comorate social responsibility actions

- Measuring the impact or business decisions about sustainability

Further studies should also investigate whether these activities are more towards driving
marketing activities or whether they are actual investimin this field.

Such studies will also enhance the organisations and the educational system to take the
additional steps that are needed in educating and creating greater awareness about these topics
in Macedonia.

Implications for Practice

The impliations of the findings presented in this study are also important from a practical
perspective, as the information can assist management to discuss the relevance of the topic
and become more aware of the importance and impact of their behaviour on bilisyaina

This research also provides practical implications in several areas such as: discussion on
the subject, new approaches in decision making, implementation of proactive strategies,
mitigating environmental risks, dialogue between public and prinatgutions, creating and
implementing policies on sustainable development, promoting awareness through media
campaigns on the importance of sustainable business practices and provide education for
sustainable development.
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Abstract: The resut®f development of new goldased eco solder alloy are presented in this
paper.Eco alloys of quaternary system AeaIn-Sb are one of the potencional material,
which can be used in electronics, like new, ecological-tezal solders. For this reason it is
necessary to understand the different characteristics of these alloys. The results of
experimental investigation of some thermal, structural, mechanical and electrical properties of
selected alloy in thin-Ga70Aul10Sb20 cross section of-@a&In-Sh systemare presented in

this paper. Applied experimental techniques included: differential scanning calorimetry, light
optical microscopy, scanning electron microscopy with energy dispersive spectroscopy,
hardness, micro hardness and electrical conductivity maasmts

Keywords: Au-GaIn-Sb, differential scanning calorimetry, leide solder alloy, scanning
electron microscopy with energy dispersive spectroscopy, hardness

1. INTRODUCTION

Globalelectronics industryses largamounts ofeadbasedsolders However because of
its toxicity, leadis a majorenvironmental threafAt the beginning othe lastdecade of the last
century, theUnited States Congresss launched an initiatiie replaceleadwith other, less
harmful metals[1]. In Europeand Japanthis ideais not only acceptedbut alsoexpanded.
According to WEEE directive [2], in Europe,lead cadmiumand other toxic substances
should be removedrom use until 2008. Because ofthis it is present great need for
development of newoldermaterialsthat do notcontain toxicelements andt the same time
meet themany requirements in termef mechanical ancklectrical propertiescorrosion
resistanceandeconomic viability

Gold andits alloysare widely usedn modernbranches of technologgnd eletronics
spaceandaeronautidechnology chemistry, and medicin&lectronics industrys the largest
userof goldandits alloys Gold alloyusedfor the realizatiorof electrical contactir making
conductors andesistorsan the measuringechniqueand computebecause thegossesgood
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mechanicaland electrical propertigsand corrosion resistanct® oxidation and other harsh
environments.Almost 90 of the appliedgold andgold alloys are used asoldersfor
electrical contactat normalpressuresnd vacuum[3].

SystemAu-GaIn-Sb belongs to a groupf alloys based ogold andindium, which are
possiblealternative to traditiondeadbasedsolders The purpose othis papelis to presents
results ofdevelopment of new solder alloy from this quasey system which can be used as
new eco solder alloy

2. EXPERIMENTAL

The samples used for the investigations were prepared using megalsl, gallium,
indium and antimony of 99.99% purity.

DSC experimentswere carried oubn the deviceSDT Q600 (TA Instrumenty which
worksin a temperature randeom room temperaturts 1500A , @ith a maximumvacuum
to 7 Paand theheating ratef 0.1 tol00A /@in. The precision ofmeasuremenvasN 2%.

Microstructural analysis of investigated samples was opadd by light optical
microscopy (LOM), using a Reichert MeF2 microscope (magnification up to 500x) and by
Scanningelectron microscopy (SEM) with Energy dispersive spectroscopy (EDX) analysis
performed on electronic microscopeOL JSM6610LV with resoldion of 10 nm on 20keV,
accelerating voltage of 020 kV and magnification up to 300000x. Prior to metallographic
analysis, surfaces of the polished samples were etchediWNi@ (1:1) solutionto reveal the
structure of the investigated alloys.

Hardnessneasurements were done using standard procedure according to Brinell, with
ball diameter of 2.5 mm and load of 15.6 KRcrohardness was measured using instrument
PTM-3 with 50- 150 grams load, depending on a phase.

Electrical conductivity of investigaliematerials was measured using SIGMATEST 2.069
(Foerster) eddy current instrument for measurements of electrical conductivity of non
ferromagnetic metals based on complex impedance of the measuring probe with 8mm probe
diameter.

3. RESULTS AND DISCUSSION

Technology of production ofselected solder included the following phases: the
preparation ofnaster alloysthe construction o€ertain dimensiongrofiles, analysis of the
requiredparametersnolding anddefining the appropriateechnology solutionsdefnition of
coverassets anthe dynamics o#lloying, defining theminimum requiredamount ofmolten
wires for the process oplastic deformationsemtindustrial experiment testingcastingots
and profiles (chemica] metallographic mechanical physical and technological, the
definition ofthermanechaniaegime ofplastic deformatiomndselection of machinesesting
of finished productsanalyiang the resultsand repeating the experimentith a possible
correction ofidentified deficienciesMaster albys of selectedcompositionsare maderom
pure metal§99.99%),by meltingin an electridurnace.Samples o& givenalloy composition
are then produ@d by melting masteralloys in an induction furnacgein air atmosphereat
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873K. The resultingsamples wre thenannealedat a temperature of73K for an hour and
cooledat a cooling ratef 5K / min. In order to proteceamplesfrom oxidation charcoal
covering wasisedin all cases

The preparedamples were subjected Ity therma) structura] mechanicalbnd electrical
tests

The characteristic temperature$ phase transformations the investigatedsamples
obtained usinglifferential scanningalorimetry(DSC), arepresentedn Tablel.

Table 1.The characteristic temperatursphase transformaitingin alloys Au6Ga30In24Sb40

Temperature ( A C)
Alloy
Phase transformation Liquidus
Au6Ga30In24Sh4( 85, 475 647

Analysisof sampleamicrostructurevas performedisingoptical microscopyDeveloping
microstructuresin multicomponentalloys was carried ot by various mean®f etching
depending on theomposition Recordingof microstructuresvas carried outising an optical
microscopewith magnificationof 200 times. The microstructure ofhe sampless presented
in Figure 1.

Figure 1. Mikrostrukturef Au6Ga30In24Sb40 alloy

Figure 2 shows the structure athe Au6Ga30In24Sb4@lloy obtained by scanning
electronmicroscope.ln Table 2are presented results dDX analysis ofthe same alloy
confirming thestructuralcomposition ofinvestigated alloy the alloy consist fromGa, In
(Sb)solid solutionwith presence afuzIns.
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Figure 2.SEM pfotograph of Au6Ga30In24Sb40 alloy

Tabe 2. Results 0fAu6Ga30In24Sb40 allogDX analysisat %9

Alloy Au6Ga3dn24Sh40
Spectrum Au Ga In Sh
Spectruml 0.00 40.07 8.83 51.11

Spectrum 2 0.00 39.43 9.17 51.40

Spectrum 3 0.00 25.09 | 25.40 49.51

Spectrum 4 0.00 21.36 | 28.50 50.14

Spectrum 5 66.40 3.99 29.61 0.00

Spectrum 6 68.06 2.54 29.40 0.00

As anadditional methoaf characterization were usédrchess measurements according
to Brinell andresult obtainedor the alloyare presented in tabBe

Table 3. Hardness according to Brinell

Alloy HB

Au6Ga30n24Shi0 140

The results ofnicrohardnessneasurementfor investigated alloysrepresentd in Table
4,

Table 4Results ofmicrohardness measurements

He
Light phase Draki phase

Alloy

Au6Ga30n24S0 363.8 166.9
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Electricity conductivity is measuredusing standardapparatus- SIGMATEST 2069
(Foerster)instrumentfor measuring theelectrial conductivity ofmetals that do nohave
ferromagnetigproperties.Diameterprobe measurementvas 8 mm. Performedthreesets of
measuremen@nda mearvalueof the electrical conductivitgf 0.784MS / m.

4. CONCLUSION

Developmentindapplication of ew materialsis not limited just byto their characteristics
and the impact on the environment, but also by their price. The content of gold in proposed
new eco leadree solder alloy is limited primarily by economic considerations, rather than
structural,mechanical and other properties of the material. Taking this fact into account,
content of gold in alloy was minimal, insuring that economic costs of solder production are
not too extreme and in addition, that melting temperature of material does notebtmw
high, making it impossible for a practical application. Although indium is also expensive, his
price is not in range of gold, and this metal demonstrates many positive effects in solder
alloys (lower crack propagation, improved thermal fatigue perdioce, and reduction of gold
scavenging), which justifies higher content of indium in proposed solder alloy. New
developed Au6Ga30In24Sh40 alloy is possible alternative teaseld solders which need
to be replaced with eefmiendly materials becauseqiection of our environment needs to be
one of primary goal to every scientist.
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Abstract:
Introductions: The aticle deals withtrendwatchingas a method of successfulanaging
entrepreneurship projects in a frame of v

economic changes. It is important for any startproject or entrepreneur who wants to
establish iternational business as well. Through the research was shown that all the
successful examplegays of doing business who becomes a trewds all over the worldo

not depends on geographic location or industry segment. That fact, allows to entregceneurs
use trendwatching instruments for to reach sustainable business success.

Research problem Today o6s Warrdaly difficalr skreecture, where the linear
met hods of analysis do not work successfully
to predict the future trends and mar ket ni c
research about the synergetic business models, nonlinear methods in sociology and
economics, increasing for the last couple years [1, 2]. But for the entreprenewsviin a

world of fast and rapid changes it becomes very important to find out the most effective way
how to make their business sustainable and minimize the risks. So, the key idea of this
research paper conducted with the needs to find out the nfedtivef instruments for to rise

up investment attractiveness of the startprojects and sustainable entrepreneurship via
technology of trendwatching.

Objective/research goako investigate how to apply the actual methods and technology of
trendwatchingn entrepreneurship activity, including:

Systematization of last scientific concepts and trends in marketing research

Analysis of international best entrepreneurship practice

Benchmarking of successful experience

Analysis of companies report and intadrnesources of information

The research was designed the Department of Marketing of The Russian Presidential
Academy of National Economy and Public Administration at Jsegtember 2014.

The resultsof the research shows the most actual methods andigais for developing
sustainable enterprises and stgstprojects through economical and social changes on a base
of trendwatching.

Keywords: trendwatching, synergetic methalistainabl@ntrepreneurshiggco-efficiency
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WATER QUALITY ANALYS IS OF MORAVA RIVER, SERBIA

Danijela Voza, Milovan Vukovil , Mi | i ca Arsi i
Technical faculty in Bor, Vojske Jugoslavije 12, 19210 Bor, Serbia

Abstract: Water quality monitoring is one of the most important aspects of the overall water
quality management. The well planned and well managed water quality manggsiem is
required to signal, control or predict changes or trends of changes in the quality of a particular
water body. However, a lotgrm survey and monitoring programs produce large and
complicated data sets, which are difficult to analyze andpreée and they are not fully
explored. Multivariate analysis techniques help in reducing the complexity of asleabpe

data sets and are currently widely used in environmental impact studies.

The aim of this study is to observe the Morava River watelitguahe extensive data sets
were processed by multivariate techniques in order to identify similarities and differences
between monitoring periods and locations.

Keywords: Water quality, Multivariate statistical techniques, Morava River System, Serbia
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MULTI -CRITERIA OPTIMIZATIO N OF BATCH COMPOSITION FOR
THE HYDROMETALLURGIC AL PROCESS OF ZINC PRODUCTION

Marija Savil, Djordje Nikolil
University of Belgrade, Technical Faculty in Bor, Serbia

, Gi va

Abstract: This paper presents the results of mattieria optimization of batch composition
mathematical modeling for the hydrometallurgical proa#ssinc production from sulphide
concentratesTen different zinc concentrates with 17 elements in the chemical composition
were taken into consideration. Optimization model development was performed in seven steps
using PROMETHEE / GAIA methodology by dation of the AHP Analytical Hierarchy
Proces$ and theOEW (Objective Entropy Weightapproach in the allocation of the weight
parameterdor the optimization criteria. Optimization is done by selecting the following
criteria: requires technology, eammics requirements ecology requirementsand quality
requirements of the final producEour different scenarios of the technological process
outcome are defined artle optimalmixture of available concentrates are defined using the
PROMETHEE V methodolog through a process of linear programmifey all four
scenarios

Keywords: batch optimization, zinc, sulphide concentrates, PROMETHHEear
programming
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SLEIPNER PROJECT

Kristina Smiljkovil
Faculty of Occupational Safety, Larnoj e
kristina91smiljkovic@gmail.com

Abstract: This paper describes the "Sleipner" project, which describeothmtion of CQ

in industrial plants, his capture, compression and transport to storage where pumping in one
or more wells stocks for appropriate geological formations suitable for long term storage.
Over time, the C@rises to the surface filling the porgpace beneath the immediate
withdrawal where over time, part of that are solvents and finally turns into minerals. Since
storing CQ is not a human invention, but entirely natural phenomena, creating a closed
circuit in the system of energy production,igfhthe carbon that was originally removed from

the earth in the form of gas, oil and coal, returns there in the form ghllWs efficiently

and safe storage during extremely long periods of time and stop the further increase in the
concentration of C@in the atmosphere.

Keywords: project, carbon dioxide,dansportation, pipeline, storage

1.INTRODUCTION

Using increasing amounts of fossil fuels for electricity generation, industry and transport,
continually increasing the amount of g@leased ird the atmosphere. About half of this
excess C@generated to man's activities;wegetation absorbs or dissolves in the oceans,
which still causes related adverse effectseaplants and animals. The residue accumulating
in the atmosphere, causing climahange.

Since CQ is in the group of greenhouse gases, which remain part of the sun's heat and
thus causing the warming of the earth's surface it is urgent commitment to stopping the further
increase in the concentration of €@ the atmosphere fromhé current 387 ppm to the
critical level of 450 ppm in the coming decades. To encourage companies to reduce their
emissions of Cg the Norwegian government imposes a tax orp @Othe amount of
approximately $0 per ton of CQin the atmosphere. To avophying this tax, as a test of
alternative technologies, there is a project at the Slegaeplatformwhich is located in the
North Seaproject calledSleipnerCO, Storage ProjectFigure 1). Built a special platform,
SleipnefT, which can support 8,000ns treatment plant that separates; @0m natural gas,
and pumped into storage under the platform, as well as under water. Sleifatory
produces about 1 million tons of GPer year.
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Figure 1.The geographical viewf the Sleipner project

Impacts of any hypothetical discharge €@epends on the specific location, a detailed
knowledge of the geological structure allows all potential routes of migration, as well as the
location with the lowest possibility of migration of @@he gas behavior iorder to evaluate
and prevent any influence of GOn humans and the ecosystem.

2. CAPTURE AND COMPRESSION OF CO;

Impoundment or "capture” CQis the first stage in the process of storing .00
underground reservoirs. Then the £©& compressed into &qlid that takes up significantly
less space than gas. When G®@power plant or industrial facility is separated from the flue
gas, it is highly concentrated G dehydrated and compressed to make transport and storage
were aseffectively. Dehydrationis necessary in order to avoid corrosion of equipment and
infrastructure, as well as hydrate formation due to high pressure. Compression is carried out
simultaneously with the dehydration process that has several stages: repeated cycles of
compression, cdimg and water separation. Pressure, temperature and amount of water to
adjust the mode of transport and the conditions of pressure underground storage. Key factors
in the design of the compressor installation are: gas flow rate, inlet and outlet préssure,
heat capacity of the gas aefficiency of the compressor

3. TRANSPORTING AND PUM PING CO.

The composition and purity of GQ@ives the following aspects of G@torage project.
The existence of a certain percentage of other substances, such shydategen sulid,
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doubts pore and nitrogen oxides, nitrogen and oxygen acts on the chemical propertigs of CO
and, consequently, on the performance of individual processes and their effects. Therefore,
the existence of these substances should be takeradcbunt in the design phase of the
compression, transporting and pumping, as well as the harmonization of working conditions.
CO, can be transported by ship or through pipelines. The cost of transport by pipeline is less
than the transport by ship, aritetadvantage is that it provides a steady flow of impoundment

of the warehouse. All existing pipelines under high pressure in supercritical conditions for
CO,, where it behaves like a gas, but it has the density of the liquid. Three important factors
detemine the amount of COthat can be transported by pipeline: its diameter, changes in
pressure along the pipeline, as well as the thickness of the walls of the pipe.

After transportation to the underground storage of G@ler pressure is pumped into the
bay. Pumping pressure must be sufficiently higher than the pressure in the reservoir rock, in
order to suppress the fluid from the bogint of pumping. Number of wells is dependent on
the amount of C®to be stored, since the volume of £@hich is pumpedn one hour, the
thickness and permeability of reservoir rock, the maximum feed pressure and the type of the
borehole. Since the main objective of lelegm geological storage of GOthe formation
must be hydraulically stable. High speed pumping can cpressure rise in subparagraph
pumping, especially in low permeability formations. Pressure pumping should not be higher
than the pressure fracture the rock, because it could damage the bearing or bushing above the
bay. To determine the maximum feed pressuhich will cause cracks in the formation used
geomechanical analysis and models.

Chemical processes can affect the rate of pumping. Depending on the type of reservoir
rock, the composition of the fluid and the conditions in the depth (such as temperatu
pressureyolume, concentration, etc.)ar lead to dissolution and precipitation of minerals in
the vicinity of the borehole. These processes can significantly influence the increase or
decrease the speed of pumping. When, @0pumped, a portion sdile in the salt water
chamber, and the pH was slightly lowered under the influence of the decomposition of
carbonate mineral tank wall. Carbonates are minerals that come in the first reaction, because
the dissolution starts when start pumping. This procasdocally increase the porosity of the
rock. The high speed of pumping can be used to restrict the decrease in the permetimlity |
vicinity of the borehole or remove it from the areagebchemical equilibrium in which the
crystallization takes place.

When pumped into the reservoir rock, £fils its pore space, which in most cases is
already filled with water, layered, ibrine. Since the dense G@ghter than water, begins to
rise. This movement is interrupted when £€aches the layer of rock that is impermeable, so
the withdrawal. Usually madef clay or salt, the roof of acting as an insulator, preventing the
further rise of CQ that accumulates just below the rocks.

In salt water, which fills pore space reservoirs, dissolves a small part upumpanog CO
The result is a lowering of the dissolution of the tray by the water in which was dissolved
CO,, which is heavietthan water without the GO The dissolution rate depends on the
conta¢ between the salt water and £@he amount of Cgthat can be dissolved is limited to
a maximum concentration. However, due to the pgmping CO, and lowering the water
with dissolvel CO2, constantly renewed contact between the salt water apdtii&deby
increasing the amount that can be dissolMddvement of CO2 related part of various
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mechanisms of accumulation in traps in the Sleipner project is shown in figliee2e
processesre relatively slow, as it takes place within a narrow pore spaces. Rough estimates
of the Sleipner project showed that about 15% of @i€solved after 10 years of pumping.

Figure2. The effect of CQin storage

Processes taking place in the waredeare tracked: laboratory measurements, numerical
simulations by comparing with the natural reservoirs and monitoring of existing
demonstration projects of geological storage ob.G@nly constant comparing and verifying
these four sources of informati@an be acquired sound knowledge of all the processes that
are happening in the warehouse. Safety and storage pinC@ases with time. The critical
issue is to find a tray with a suitable roof of which can hold,.C&l processes that are
associated withthe accumulation in traps dissolution and mineralization and residual
accumulation in traps, preventing further migration of,@the surface.

4. MONITORING WAREHOUSE IN DEPTH AND ON THE SURFACE TERRAIN

Monitoring of CQ storage is done for operatidnaafety, social and economic reasons,
and for reasons related to the protection of the environment. Monitoring of storage is essential
for ensuring the longerm isolation of anthropogenic Gdrom the atmosphere. It is
necessary to monitor the functiogi of the warehouse or on the sea and under the earth.
When planning a strategy for monitoring the decisions that must be made dependent on the
geological and engineering conditioapecific for each warehouse, namely: the shape and
depth of the deposithé expected expansion of the £ftont, potential migration routes,
geological composition roofing, during pumping, flow rate and surface features such as
topographydensity populated opportunities, infrastructure, and ecosystems.

Selection of the appropte method depends on the technical and geological
characteristics of the storage and monitoring objectives. There are methods to directly monitor
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CO, and those that indirectly observe its effect on the rock, fluid and environment. Direct
measurements ihade analysis of fluid from deep wells or measurement of gas concentrations
in the soil or atmosphere. Indirect methods include geophysical surveys and monitoring of
changes in pressure in the wells or changes in pH in groundwater. When deciding ortthe mos
appropriate methods of measurement and locations must be carried out detailed research
before start pumping, to serve as a reference for all future measurements. Also, each program
monitoring must be flexible in order to develop a project storage. §atéor monitoring,
which can integrate all these issues, while at the same time reducing costs, will be a key
component of risk analysis and securxigyificationandefficiencywarehouse.

It is possible to monitor the operation of the underground ggooh CQ many methods
that are present in the market or still in development. Research is currently underway, not
only for the development of new equipment, but also to optimize the monitoring and
reduction of costs.

5.CONCLUSION

Although the geologal storage of C@recognized worldwide as one of the credible
options for mitigating climate change, there remains to establish the criteria of safety related
to human health and thenvironment, beforstart development on an industrial scale. These
criteria are especially important for the public and are crucial in the process of licensing that
legislatures should establish details relating to safety requirements. Should mention that the
criteria should be adapted to each individual site storage. Theagsymption is that
geological storage is to be permanent, and therefore not expected to be storage losses.
However, the risk must be assessed and that the company be required to comply with
measures to prevent any loss or abnormalities in the functiohthg aarehouse.
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Abstract: In contemporary conditions, it is increasingly emphasigeel importance of
sustainable developmentn that sense, theprotection and preservation of a healthy
environment is an imperative of any modern society. It is a wide range of dutieslabato
large number of subjects, from citizensatiigh business entities local governments and the
highest social bodies and institutions.

It is generally knowrthat husiness activities greatgndanger the living environment and the
most affected a benefits of the earthair, water, forests, flora and fauna. This leads even to
the question of survival of all living beings on earth.

Conflict claims ofeconany and ecology can be balancaly with adequate managemt of
natural resources. This praally meansthat using thenatural resourcesiust not endanger
the living environment and resulting environmental damaget mesrepaired. Moreover
exploitation of renewable natural resources should be in line wéhpthcess of their
regeneration. Orhe other side, the usagénonrenewable resourcesust be conducted in an
especiaf rational maner, which includes maximal orientation @ubstitutes and the
recycling process.

Keywords: natural resources, sustainable development, environment, nags@lrces
management.

1. INTRODUCTION

In the contemporary conditions, One of the basic principles of sustainable development is,
of course, improvement of environmental quality. Unfortunately, there was no adequate
attention paid to this matter. Seriodisbates on this issue started during the seventies of last
century within the consideration of limits to economic growth.

Otherwise, the World is now faced with serious environmental problems of planetary
importance, such as:

1. "Ozone holes"damaging te ozone layer that protects all living things on Earth from
harmful ultraviolet rays of the sun;

2. "Greenhouse effecttontinual warming of the planet that could lead to melting of eternal
snow and ice, and thus to increase water levels of seas and;oceans

3. "Harvesting" Amazonian rainforestconsidered to be the lungs of the planet, thereby
directly threatening the world climate.
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4. "Increased pollution'as a result of rapid economic development [1].

For this reason, the exploitation and use of natwaburces must not undermine the
quality of the living environment. The mankind must pay more attention to natural values as
air, water, soil, forests, geological resources, flora and fauna. In this sense, natural resource
management is gaining in importanc

2. TERM, CLASSIFICAT ION AND SIGNIFICANCE OF NATURAL RESOURCES

Therearea considerable number of definitions of natural resources in economic theory.
Every their author has his/her view and points out their character, their significance and the
role in economic development, however, among these definitions there are no substantial
results. We will point out some of them.

According to Komar, the resources mean energy that is used in the production process in
accordance with the development of productiveces [2]. According to Branko Djeric,
natural resources constitute a special segment of manageable nature that is a part of nature
that is used in the economic development and can be economically va|@lizEdrther, for
Blagoje Zarkovic, natural resirces are different types of natural wealth which are dises lof
human life and its productioactivities [4]. Finally, a rather complete and comprehensive
definition of natural resources was given by professor Gojko Rikalovic. According to him,
the nd ur al resourceso are specific forms of
development involved in the reproduction process and are directly exploited in the production
or processing. What elements of nature will appear as natural resources depéms
achievements in the development of technology, the economic possibilities and
appropriateness of usadithe level of exploitation"]5

From all the aforementioned it comes out that natural resources are only one part of the
natural conditions, tit is a gift of nature, which is used in the process of reproduction to
create new useful values.

Otherwise, the resources in nature, depending on the criteria that are used in this field, are
classified in different ways. One of the most common classits is according to the
degree of depletion. According to this division, all natural resources are classified as:

1. Depletable, and
2. Undepletable.

Depletable natural resources are reduced or depleted during use. Besides, it is especially
important whethethese resources are reproduced or regenerated by their use. Accordingly,
depletetable resources are divided into:

1. Renewable energy, and
2. Non-renewable
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Natural resources as soil, flora and fauna and some mineral resources that renew or
regenerate at exptong belong to this group. In contrast to renewable -remewable natural
resources reduce or deplete by use. Such characteristics have energy mineral resources as well
as metals and nonmetals.

On the other hand, a particular group is made by undefdeatabural resources. They are
in the space frames considered final, but from the point of use are unlimited or abundant. The
first group of natural resources include: solar energy, air, wind, water, seas and oceans, tides,
geo energy etc. It should be ptad out that between depletable and undepletable natural
resources there is no strictly established difference, however such division can be considered
conditional.

In economic theories, in addition to this, there are also many other divisions of natural
resources. Erre are some of them

According to the possibility of exploitation:

1. Potential natural resources that will be used in the far future;
2. Natural resources that are to be considered in the near future, and
3. Natural resources, that can be used now.
According to the possibility of compensatifs:
1. Recoverable, and
2. Irreplaceable natural resources
According to the possibility of replaceménsubstitution:
1. Replaceable, and
2. lrreplaceable natural resources
According to the degree of exploration:
1. Available, and
2. Unavailable natural resources.

It is interesting to mention that the S. Milenkovic classifies all natural resources into 19
groups and N. Rainer in as many as 74 Jfiits

Economic resources represent an important factor of economic dexgibpAlthough
their importance somehow decline due to continued advances of science, engineering and
technology, knowledge, skills and craftsmanship in their work, they will still be an essential
factor in defining the economic structure and economicldpw@ent in general, especially in
underdeveloped countries. Also, they play an important role in maintaining a healthy
environment. Their exploitation should be conducted in conformity with prescribed standards
without endangering living environment andchimn health.
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3. MANAGEMENT OF ECO NOMIC RESOURCES

Dynamic economic development with environmental protection justifies the need to
control economic resources. This is a wider public interest. Every country aims to adjust the
economy to its comparative adiages of development, before all to available natural
resources.

Otherwise, under the management of economic resources means a set of measures,
methods and activities that provide the optimum level of exploitation of these resources to the
achievement otlesired economic and social objectives. Basically, these activities are based
on the principles and assumptions of the concept of sustainable development. In addition, the
sustainable development means the harmonized system of technical, technolayicahiec
and social activities in the overall development in which natural and real values of the
Republic of Serbia are used on the principles of economy and ratio in order to preserve and
enhance environmental quality foregent and future generation$.[8

Management of natural resources includes three segments:

1. Strategic planning,
2. Realization of the strategic settings, and
3. Controlling the execution of strategic goals.

Management of natural resources begins with strategic planning. This is the fiesatstag
which goals and objectives and the means and methods to achieve them are established.
Relevant documents define the level of exploration of natural resources by type, spatial
distribution, diversity, volume and quality, then, the balance sheet ca®dspatial and
temporal features, quantity, quality, vulnerability, reproducibility, strategic reserves) and the
foreseen trends of change and a way of evaluating the conditions for sustainable economic use
of resources and goods. Then, for each indadidiconomic resource and the good, through
plans, programs and principles the ways of utilization and protection are carefully elaborated.

The next stage is the realization of goals and objectives stipulated by the strategic
documents and plans, prograna)d foundations. Legal entities and individuals use the
natural resources on the basis of the offered projects and approval of the competent state
authorities. In addition, economic and other entities are obliged when use natural resources to
follow the appropriate legislative and other prescribed standards in this field.

Use and protection of natural resources and goods are subject of control of appropriate
authorities. According to applicable legislation, the control of these activities is performed by
auhorities and organizations of the Republic of Serbia, the Autonomous Province of
Vojvodina and local authorities.

In the past, the pursuit of a rapid economic development, caused a high degree of
depletion of natural resourceboth renewable and neenevable, which led to some
disruption of balance in nature and threats to the environment. Here are a few examples:

In the second half ahe 20th century due to poor processing methods about 550 million
hectares, or one third of arable land all over thddwsas degraded. Such tendencies are still
in progress;
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Reduction of the forest area. It is estimated that the annual cut down is about 30 million
hectares of forest. It has an unfavorable impact on the ecosystem, given that forests absorb
large amounts diarmful carbon dioxide while producing necessary oxy§gn

Besides, other resources as water, flora and fauna, air and living environment in general
are endangered. In some areas the situation is alarming. Something similar is the situation of
nonrenevable resources.

In such circumstances, the question arises: how to harmonize relations between economy
and ecology? The answer is to be found in the strict application of the concept of sustainable
development.

3.1. MANAGEMENT OF EENEWABLE NATURAL

Renewale resources, as noted above, represent a special group of depletable resources.
They are spent at use, but at the same time restore, or regenerate. The essence of management
of these resources is reflected in harmonizing the relationship between the didepletion
and the degree of regeneration.

Bearing in mind that the flora and fauna are the most important segment of renewable
resources, the greatest attention is paid to management of these resources. Every year an
annual plan of production (growtlis made for each species of plants and animals as well as
for the scope of use (depletion), then, the way of the plan realization, and ultimately the
control of execution of planned objectives.

Accordingly, the annual volume increase of timber in thary2007 in the forests of
Serbia is 9,079,772 mJ], while the volume of
times smaller than the increment. To this fact the resulting damage to forests as for example
natural drying and a certain amount of umicolled timber cut that is not recorded should be
added to this calculation.

Special attention is given to the wild flora and fauna. By appropriate regulation issued by
the Government of the Republic of Serbia, various species of flora, fauna and mushreom
considered as a protected species and under what level of control can be collected from
natural habitats, use and trade. The main objective of oversight of the collection, use and trade
of protected species is based on ensuring their sustainablprergenting the collection of
these species from natural habitats in amounts and ways that would threaten their survival in
the future, the structure and stability of such living communities.

Based on the estimated status of species in their naturaltbabiary year the annual
quantities of protected species that may be collected for commercial purposes are established.
In addition, for each protected species the conditions and manner of collection are regulated.
So, for example, collecting endangeregeces of flora, depending on which parts or
developmental stages are used, are under condition that such species are collected in the
optimal stage of vegetative development for use. It is also regulated at what species where
underground organs are usadpart of the underground organ is to be left in the soil together
with vegetative bud.

According to a prescribed contingent of wild plant species, and the advertised
announcement, the competent ministry shall grant licettsenterested legal entitiesnd
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entrepreneurs for the collection, use and trade of wild flora. For this purpose, an adequate

compensation will be paid.

The species and quantities of wild plants that loa collected in the year 20&te shown

in the table belovj10].

Table 1. Contigents of wild flora and mushrooms that can be collected in the 2041 (Selected

species with larger quantities)

No. Latin name Traditional English name (for Quantity in
existing) plants kg

A. PLANT SPECIES

1. Achilla millefolium L. 1. Milfoil, Verbena 140,000
2. Allium L. ursinum 2. Cremosa, Bear garlic 600,000
3. Althaea oficinalis L. 3. Marshmallow, Sweet Mallow 230,000
4. Betula pendula Roth 4. Birch 160,000
5. Centaurium umbelatum Gilib 5. Brush, stave, Grass of fever 25,000
6. Cornus mas L. 6. Cornel berry 200,000
7. Crataegus monogyna Jacq. 7. White havthorn, hawthorn 260,000
8. Crataegus L. oxycantlia 8. Red hawthorn 100,000
9. Fragaria vesca L. 9. Wild Strawberry, Strawberry 330,000
10. Geranium robertianum L. 10. Mercury grass, Needle 80,000
11. Hedera helix L. 11. Ivy 300,000
12. Hypericum perforatum 12.St . Johndés Wort 250,000
13. Juniperus cemunis 13. Juniper, Cade 2,000,000
14. Juniperus communis L. Ssp. néByme 14. Low Juniper 100,000
15. Ononis spinosa L. 15. Rabbit thorn, Wolf thorn 100,000
16. Origanum vulgare L. 16. Oregano 100,000
17. Petasites hybridus L. 17. Cocklebur 150,000
18. Prinus spinosa L. 18. Blackthorn 180,000
19. Rosa canina L. 19. Wild Rose, Hip rose 5,000,000
20. Symphytum officinale L. 20. Black comfrey, comfrey 300,000
21. Teuorium chemaedrys L. 21. No traditional mme 50,000
22. Thymus serpyllum 22. Thyme 300,000
23. Tilia tomentosa Moench 23. White lime, Silver linden 80,000
24. Vaccinium myrtillus L. 24. Blueberry 3,100,000
B. MUSHROOMS

1. Boletus edulis Bull. Fr 1. Summer, autumn porcini 5,000,000
2. Catharelluss cibarius L.Fr. 2. Chanterelle 1,800,000
3. Craterelluss cornucopiodes Pers. 3. Brown trumpet 500,000
4. Lactarius deliciosus LSFGray 4. No traditional name 150,000
5. Marasmius oreades Fr. 5. Oread 50,000

Source:Official Gazette of Republic of Serbia.

A similar procedure is carried out for wildlife fauna is concerned. For exaogllecting
of protected species of snails can be done from 1 June to 1 October, frogs from 1 June to 1
August and fish (beluga) from 1 June of 31 March of the next year. It is forbidden to collect,
use and trade the following sizes of protected spécsmils with shells width less than 3
cm, frogs weighing less than 50 grams and bigger ones of more than 120 grams, or length of
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less than 9 and bigger than 15 cm, more than 50 individuals of horned viper at the site of
collection and whose length is ledgah 50 cm and males at the site collection and whose
length is less than 50 cm, and beluga male, whose length is less than 180 cm in length and
females less than 210 cm. The species and quantities of animal species that can be collected in
the year 2011 argiven in the table below.

Table 2.Contingents of fauna thatméde collected in the year 2014

No. No. Latin Name Traditional English name Quantity in kg

1. Hirudo medicinalis Medical leech 500
2. Pebphylax kl. esculenta Edible frog 5,000
3. Pelophylax ridibunus Frog 5,000
5. Helix aspersa Garden snalil 200,000
6. Helix leuceru Forest gray snail 200,000
7. Helix pomatia Vineyard snalil 200,000

Source:Official Gazette of Republic of Serbia.

Depending on the assessment of the situation in the field, the Ministry may provisionally
prohibit the collection of certain endangered $ggof flora and fauna in certain areas, or on
the other hand, in the entire state. In this way it protects the survival of some species and
prevents disturbance of the structure and stability of living communities.

However, it should be noted that manyiuieges occur in this field. There is no adequate
assessment of the situation in the field, so it happens that much larger contingents of
objectively possible are approved for collecting and trading. This can greatly endanger the
continued survival of somepecies, especially flora. Such is the case with the following
species of wild flora: Alchemilla sp., Centraurium umbelatum Gilib, incana Lam., Lamium
albumh., Marrubium vulgare L., Polygonum bistorta L., Potentilla erecta (L) Rauschel,
Primula elatior (L)Hill, Primula veris L., Primula vulgaris Hudson etc.

Besides the aforementioned, it is important to add to the state of the hunting game. In this
field every year a draft plan containing the state of hunting game and allowed shooting
possibility. This phn applies to the Republic of Serbia and hunting areaegions. In doing
S0, one must take into account the sustainable use, in order not to jeopardize the survival of
certain species.

The following explanations present some examples of managementofatde natural
resources. A similar approach is applied in other areas when these resources are concerned.

3.2. MANAGING NON-RENEWABLE NATURAL

Unlike the previous group of resources, management ofermgwable natural resources
is much more complicatednd complex. These resources permanently reduce by their
utilization. This group includes mineral resources.

Mineral resources, because of their specificity, require adequate management, primarily of
strategic character, in order to achieve desiredsgoaltheir exploitation, above all, the
optimum level of efficiency and effectiveness.
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The basic approach in the management of-nemewable natural resources (minimal
resources) reflects a high degree of rationality in their use. This is achieved by etensiv
exploitation whose main goal is to achieve maximum utility with the minimal possible natural
resources.

By strategic management of mineral resources at one side, theirugaashould be
provided and on the other side, the planned economic growth.thier avords, the
management of these resources has to ensure achievement of sustainable development.

When it comes to managing of noenewable resources, the question of substitution and
recycling is unavoidable. This is one of the ways of their conservand rational use.
Development of science and technology opens the way for the application of various forms of
substitution. This particularly applies to the replacement ofreapwable resources, and
finding suitable substitutes for nonrenewable nat@sources.

The other area, also of importance for the management of natural resources is recycling.
The advantages of recycling are numerous: protection and conservation of natural resources,
ensuring quality and low cost of raw materials for processidgstry, maintaining a healthy
environment etc.

Exploitation of mineral resources can greatly undermine the quality of the living
environment. This usually leads to land degradation, destruction of flora, pollution of the
environment air, water, to thendangerment of human health.

The essence of management of mineral resources in these circumstances is reflected in the
effort to reduce the damage to the natural environment, as well as their proper removal.
Environmental costs borne by entities that tedheir creation. They are counted in the cost
and further transferred to selling prices of products.

In this respect the principle of prevention and precaution provides that "any activity must
be planned and implemented so as to: cause the least poshkilahge in the living
environment, is the least risk to the environment and human health, reduce the load space and
the consumption of raw materials and energy in building , production, distribution and
utilisation, include the possibility of recyclingrqvent or limit environmental impact at the
very source of pollution.

The precautionary principle is realized by assessment of environmental impact and using
the best available technology and achieved tdogyoknowhow and equipmen{10Q].

4. CONCLUSION

Natural resources are an essential factor of economic development and preserving a
healthy environment all over the world. Although their importance is somehow declining in
terms of economic development, because other factors of development get choneran
important role (technology, knetwvow and especially knowledge), thus their role in the
ecological sense is growing.

Economy and ecology ones from two conflict areas have become complementary ones.
Permanent technical and technological progress allmwginess activities without any major
damage to the environment at one side, while a healthy natural environment contributes to the
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preservation of natural values and human health, on the other side. This provides both
economic growth and conservationtleé living environment.

The realization of such complex goals can be achieved only with adequate management of
natural resources. It is a complex and responsible, but inevitable process in contemporary
business activities. Only by sustainable use of ahtvesources (renewable and non
renewable) economics and ecological stability, all this can be achieved with the goal of
economic development and increase of overall human welfare.
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COMPARISON OF WQI MO DELS
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Abstract: Surface water quality is assessed using water quality index (WQI). Since there is
no global standardization of methods, the software for evaluation of WQI (which consists of
two submodels WQI1 and WQI2), based on experimentahd literature models, partially
compliant with the standards of authorized institutions in Serbia, recommendations of the
World health Organization (WHO) and EU Directives was generated in this work-1WQI
program is illustrated with the example of presieag parameter value$ the water quality of

the Danube at the location Bezdan in 2009. Then, for each of the 17 measuring locations on
the Danube water quality was evaluated by methods SWQI,-W&yd WQ12, with the

range of quality according to El@eommendations, followed by a comparison of restite.

mean value of the index of water quality according to SWQI method is increased by 3.810
index points compared to the WQImethod and 14,462 compared to the ¥2Qhethod.
Water quality determined byethodsof WQI-1 and WQ42 is one rank lower than the rank of

a certain SWQinethod.

Keywords: WQI model, comparison, water quality, the Danube.
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EVALUATION OF AIR QU ALITY IN BELGRADE UR BAN AREA
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Technical Faculty in Bor, University of Belgrade, Vojske Jugoslavije 12, Bor, Serbia

Abstract: In this work, air quality data (CO, $00s, PM;io, PMxsand NQ) corresponding to
thetime period between 2 and 2A.1 and collected atwo monitoring stations iBelgrade,
Serbia,were used in order to compusgr quality index (AQI).AQI is rankingair quality,
measured at a given measurement point within a certain period of time, as gqoekripad
polluted.And it is vay easyinterpretableby public The resulthaveshown that the level of
air pollutionat bothmonitoring stations can be described as good and moderate ONS)
CO and Q for the whole measurement period. AQI valuésr PM;o concentrations were
described asnoderateand good, for the 96% of days per year, andnhealthy for sensitive
group® #9%. of the yearRegardinghe concentration of P4 air quality wasclassifiedas
good aml moderatefor almost70% days a year, the other 308ere classifiechs unhealthy
and very unhealthy.

Keywords: AQI, urban air pollution evaluation, linear regression

1.INTRODUCTION

The problem of air pollution in urban areas has existed for dedaddse attitude toward
it has changed over time (Fenger, 2009). To a certain extent it was considered as a symbol of
prosperity and development, so all attempts to solve the problem remained withost result
However, in the mean time the world has changeanatically: the world's population has
doubled, the number of people living in cities has increased four times and energy
consumption at a global level almost five times.

In most of thedeveloped countries, the air quality in urban arkas beengreatly
improved in the last 50 years. However, in economidaligdeveloped countries, economic
development still has an advantage over ecology (McGranahan and Murray, 2003). In Latin
America, Asia, and in some European countries, most of the populationviagnto the
cities, and also because of the vstsict environmental standardieveloped countries are
transferringheir industry in the countriasith more liberal standards regarding this issue.

The main sources of pollution in urban areas are antgespo in origin, and primarily
these aréendustry andraffic. Gi ven t hat s ome @&tyfcalmduatiakeaees, d on o
in such areas pollution comes from other sources, primarily from traffic. In the less developed
countries of Europe (which inalles Republic of Serbidfe process ofmigration from rural
to urban areasvas evident, which as a resuitought to increase of greenhouse gases
emissions, primarily through increasing trafiiequency. The number of/ehicleswhich use
Euro 4 enginess still small in this part of Européaldasano et al., 2003)n the other hand,
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frequency of the trai is becoming larger each yeanaccording to the official report of the
Serbian Ministry of Interior, the total numbef @gistered motor vehicles Belgrade, in
2009 was 568 200(MIRS, 2009).

In 1976. EPA introduced PollutaStandard Index (PSI), which wased to determine the
air quality in urban areas. P&aily valuewasdetermined baseoh a highest concentratiar
one of the five major @lutants: PM,, O;, SO, CO and NQ. PSI did not take into account
the impact of other pollutants that are also harmful to human health (Qian et al., 2004). PSI
was replaced in 199@ith Air Quality Index (AQI), and includé PM, s, in addition to the
exiging pollutants. Although AQI has fully replaced the PSI in the U.S., most of the other
countrieswere not able to accept AQI, becauseasuremestof PM, s required very
expensive equipment (Cheng et al., 2007).

AQI is rankingair quality, measured at given measurement point within a certain period
of time, as good, badrery polluted.And it is very easynterpretableby public. The higher
the AQI value, the greater the air pollution and the greater the demglee environment
Traditionally, AQI is calculatedoy comparingneasured valuesf pollutans éoncentrations
with standard value<Given thatin the EU air quality regulationwhich is acceptedby the
Serbian national regulationd o e s n 6 uniquelx defined AQI, theSerbianAgency for
Environmental Protection define&erbianAir Quality Index (SAQI). Serbianair quality
index (SAQI) has 5categoriesdepending on the concentrations of some pollutants (SEPA,
2011). Valuesof the pollutant§ concentratioa by categoryof air quality index 8QI, for
2011, are given in Table 1

Table 1. Serbian national ambient air quality standards

Time limit tolerance Very
period Pollutants value value Excellent Good Acceptable Polluted polluted
125.%
SO2 125 0-50 50.2:70 75.1:125 187.5 >187.5
85.1-
NO2 85 125 0-42.5 42.660 60.1-85 125 >125
24 h PM10 50 75 0-25 25.1.1935 35.1:-50 50.1:75 >75
2501 350% 5001
(6{0) 5000 10000 0-2500 3500 5000 10000 >10000
03-8h 120.2%
max 120 0-60 60.1-85 85.1:120 180 >180
Black
smoke 50 0-25 25.1-35 35.1-50 50.1-75 >75
SO2 50 0-30 30.1-40 40.1-50 50.1:75 >75
NO2 40 60 0-26 26.1-32 32.1:40 40.1-60 >60
one year PM10 40 48 0-20 20.1-28 28.1-40 40.1-48 >48
150% 210% 3001
(6{0) 3000 0-1500 2100 3000 4500 >4500
Black
smoke 50 0-50 25.1-35 35.1-50 50.1-75 >75.1

Previousresearcc oncerning the determination of
2009),hascalculatel the AQI based on the presence of five pollutants in the ay, SO, Q,
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NO,, andblack smokgatthe six measuring stations for the period 22086 . The caldated
valueshaveshown that air qualityin Belgradefor that period, can be characterized as critical
and very bador 20% of days per yearegardingthe concentrations dflack smoke During
the same periodin regard toother pollutants, such as $@nd NQ, air quality was
characterized as moderaedgood,for more than 80% dayser year

For the purposes of this study, the data from the two measuring sites in Belgnade
used in the period 2012011. In relation to the available datt the AQI wascalculated for
six pollutants (PMb, O3, SG, CO, NQ, PM,5), whichweretaken as the criteria for assessing
air quality in Belgrade using the procedure proposed by the EPA (2003). The aim of the
study was to determine the status of air qualitythe capital of Serbia, in the most
understandable/ay to thepublic.

2. MATERIALS AND METHOD S

Area of study

Bel grade, the capital of Serbia, (latitude
million inhabitants and its located at 116.75 m abosea levelat the confluencef the Sava
and DanubeClimate, typical for this area is moderate continental with four seasons, while the

average annual temperature is 11. 7AC.
Republic of Serbia is part of the European network for continuous monitoriry of
quality. P o | | u toacantragi@ns are measured 4t locations around the country. In

Belgrade are operating 6 measuring stations for measuring the air quality. Their control and
calibration is supervised by the official Agency for Environmentaldetain, which operates
under the Ministry of Urbanism and Environmental Protection. Air quality data are available
on the Agency's website in real timawfw.sepa.gov.)s In this paper data from two
automatic measurgnstatiors in Belgrade wereused. Table 2 shows the characteristics of the
measuring stationsfwo different types ofmeasuring stations were selected on purpase
typical traffic andone withlesstraffic frequencyjn order to detrminepossible diffeences in

the quality of airegardingthe presenpollutant®concentratios.

Table 2. Characteristics of measuring stations

Altitude Operated Type of
Name Longitude Latitude (m) since Pollutants measured station
Pancevo SO,, NOx, NO, NG, CO, @, Urban
bridge 20A49 44A8 105 2007 BTX, PMy, PMys, PM; traffic
Zeleno SO, NOx, NO, NO2, CO, @ Urban
brdo 20A53 44A7 243 2008 BTX, PMyo, PMy 5, PM; background

Data analysis method

For calculation ofAQI value the procedureproposed by the Environmexht Protection
Agency (2003)was usedFirst, thesubindex for each pollutamivas calculatedseparately
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according to the proposed procedure (EPA, 2003), armdatAQI daily valuewastaken sub
index of the pollutantwhich has the highest value (Sharmaakt 2003b). The equation for
calculating the qualitgubindex for each pollutant separately is given below:

O ——2 61 60 aé Oaé (1)

Where: b= the index for pollutant P

Cp = the rounded concentration of pgknt P

BPy = the breakpoint that is greater than or equal to Cp
BP.o = the breakpoint that is less than or equal to Cp
Iy = the AQI value corresponding to BP

ILo = the AQI value corresponding to Bf

Table 3. Breakpoint concentrations defined byulseEnvironmental Protection Agency for
the calculation of AQI

SO, ( 24h
average in NO, (1h average in PMy,(24h average CO (8h average ir O; (8h average PM,5(24h average
Og Am Og Am in &g/ m mgnt) in &g/ min Gg/ m
*(NO2 has no sho#t
0-50 0-90 term NAAQS) 0-50 0-5.1 0-128 0-15.4
51-100  91-383 51-143 5.210.9 129168 15.540.4
101150 384596 144237 11-14.4 169208 40.565.4
151200 597809 238330 14.517.9 209248 65.5150.4
201-300 8101607 12442373 331-395 18-35.4 249748 150.5250.4
301500 16082673 23743903 396563 35.558.7 250.5350.4

Table 3 shows the breakpoint concentrations for each pollutant that is ysedess od
AQI calculation Breakpoint concentrations vary frostandard to standardnd different
standards are gen in the literature, depending on the country to which they relate (Nagendra
et al., 2007). In Serbia, for examplaccording toSAQI, air quality can beassessed as
excellent, good, acceptable, polluted and very polluted (TableGien that different
pollutants were used in this study (RIMOs, SG, CO, NQ, PM, ), compared to th&AQI
(SO, CO, Q, NO,, PMyp and black smoke), AQIvas determined based on the standards
proposed by the EPA (2003). Table 4 shows the extent of AQI, health effects ¢hat ea
category hasnd labeling with colotsas proposed by the EPA (2003).
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Table 4. AQI range

Index Color
values  Descriptor codes Purpose
0-50 Good Green  Convey positive message about air quality
Convey message that daily air gtalis acceptable from public
51-100 Moderate Yellow health perspective, but
Unhealthy for
101-150 sensitive groups Orange Health message for members of sensitive groups
Health advisory of more serious effects for sensitive groups
151-200 Unhealthy Red notice of possible
Health alert of more serious effects for sensitive groups anc
201-300 Very unhealthy Purple  general population.
301-500 Hazardous Maroon Health warnings of emergency conditions

Source Environmental Protection Agency

3.RESULTS AND DISCUSSION

According to the aforementioneBPA procedure AQI valueswere calculated for two
measuring stations in Belgrade. Tables 5 and 6 stadeulatedsubindices for measuring
points Zeleno brdandthe Pancevo bridge, for the period 262011.

Table 5. AQI value for measuring point Zeleno brdo, pe?i@tio2011.

Pollution
category 2010 2011

SO, CO NO, O PMy;, PM,s SO, CO NO, Os PMiyy PM,s
Good 81.7 100 100 988 73.8 31.1 989 100 100 88.8 98.9 33.7
Moderate 183 O 0 12 25 396 11 O 0 11.2 11 64.1
Unhealthy for
sensitive graps 0 0 0 0 1.2 134 O 0 0 0 0 2.2
Unhealthy 0 0 0 0 0 153 0 0 0 0 0 0
Very unhealthy 0 0 0 0 0 0.6 0 0 0 0 0 0
Hazardous 0 0 0 0 0 0 0 0 0 0 0 0

The values denote percentages of days in each year

Table 6. AQI value for measuring point Pancevo briggeiod 201€2011.

Pollution
category 2010 2011

SO, CO NO, O3 PMyy, PM,s SO, CO NO, O; PMyy, PMys
Good 100 88 100 99.2 696 26,5 100 100 100 100 552 7.6
Moderate 0 11 O 0.8 27.2 47 0 0 0 0 40.7 73.8
Unhealthy for
sensitive
groups 0 1 0 0 3.2 142 0 0 0 0 4.1 8.9
Unhealthy 0 0 0 0 0 119 0 0 0 0 0 8.3
Very unhealthy 0 0 0 0 0 0.4 0 0 0 0 0 1.4
Hazardous 0 0 0 0 0 0 0 0 0 0 0 0

The values denote percentages of days in each year
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Results obtained by calculatirmybindicesfor eah pollutanthave shown that the air
quality at sampling location ZelenBrdo (Table 5), for the period 2010.ac be classified as
unhealthy and very unhealthy for almost 30% of the yegardingthe concentration of
PM, 5. Regardingthe concentrationsfather pollutants (S& CO, Q, NO,) air quality was
described as good or moder&be the wholeyear. Veryencouraged ighe fact that iis seen
progress in improving air quality for the period of 2011 compared to 201bat waythe
percentage ofdays, which were rated as unhealthy and very unhealthy, regrading the
concentrationsf PM, s decreased from 30% to only 2.3%ryear.

Table 6 shows thair quality subindices calculated for all pollutants for measuring point
Pancevo bridge, for the peric20102011. Air quality at this measuring point can be
classified as unhealthy and very unhealthy for almost 30% of the regarding the
concentration of PMs. Regarding the concentrations aher pollutants (S& CO, Q, NO,)
air quality was describeds good or moderafier the wholeyear. It may be noted that the
obtainedresults are the same asthe case of the measurement point Zeleno.bdddhe
measuring poinPancevo bridgavasalsonoted a slight improvemewf air quality regarding
the concentrations of PMs and the number of days when air qualtgas classifiedas
unhealthy and very unhealthy decreased from 30% in 2010. to 20% of the days in 2011.

R*=0.734 R?*=(0.846

R? Linear = 0,846

T T T T T T T
0,00 20,00 40,00 60,00 80,00 100,00 120,00
PMw

R*=(.884 R=0.705

100,007

80,00

60,00 o

AQl
)
o

40,004

20,001 R? Linear = 0,584

T T T T T 7} T T T T T
0,00 20,00 40,00 60,00 80,00 100,00 2000 40,00 60,00 80,00 100,00
| PM,,

Slika 1. Linear regression of calculated air quality index (AQI) and eacindek at
measiring point Pancevo Bridge (20i2011) in Belgrade urban area.

Linear regression was performed in order to investigate the relation between the air quality

index (AQI) and the suindices, as shown in Figure 1. Value of NO2-sutices was very

low througlout the study period so that it is not taken into account. The Figure 2 shows that

PM10 (R2 = 0.846), PM2.5 (R2 = 0.884), SO2 (R2 = 0.734) and CO (R2 = 0.705) showed a
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good relation with air quality index. The results also showed that there is no associati

between O3 suindices (R2 = 0.043) and AQI.

These results do not surprise, given that with increased urbanization, accompanied by the
increased frequency of traffic, there has been observed an increase in PM2.5 concentrations in
other urban areas (Waret al., 2005). The major sources of this pollutant are dust, secondary
aerosols, traffic, but it also has been proven that meteorological conditions have a major
influence on its formation (Zhao et al., 2009). Due to the increased concentrations egsociat
with serious health consequences in relation to the larger particles (PM10), measurement of
PM2.5 is very important in order to control its concentration (Wilson and Suh, 1997).

4. CONCLUSIONS

This paperpresentsair quality assessmentiased on dataollected attwo monitoring
stations in the urbapart of Belgrade, in théime period 20162011 AQIlwascalculated for
pollutants, PMy, Os, SQ, CO, NQ, PM,s5 which are labeled as thar quality criteria
according to the procedure prescribed by the EPA. The réswéeshown that the level of air
pollution at bothmonitoring stations can be described as good and moderate foNSg)
CO and Q for the whole measurement period. AQI valuésr PM;o concentrations were
described asnoderateand good, for the 96% of days per year, andnhealthy for sesitive
group® #9%. of the yearRegardinghe concentration of P4 air quality wasclassifiedas
good andmoderatefor almost70% days a year, the other 308ere classifiechs unhealthy
and very unhealthy. The good side of ti#ainedresultsis thefact that improvemenof air
quality regarding PMs concentrationgan be observeith 2011,from 30%of days classified
as unhealthyto 2.2% per year for measuring station Zeleno brdo somewhat smaller
improvementwas recorded at the measurisigition Pancevo bridgéfrom 36.5% to 18.5%
days per year)

Since it was found that fine particles RPdarebiggest "culprit” for the poor air quality in
Belgrade,it shouldbe paidattention to the need for caution in charge of controlling and
reducing its conadration.
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Abstract: The paperlooks at the presencef basic chemical parameters uséar
determirationof soil fertility cont ai ned i n all uvi al Amldesdiis on t
sampleswere collectad from 30 different locations in the closeinity of the river Zapadna
Morava,in both urbar(industria) areas of the town and ruraleas of the towrSampls were

taken from 030 cm depth and analysed tbe chemical reaction (pH), percentagehumus
content, total nitrogen content (NAnd available phosphorus £8s) and potassium (JO)
contentsThe analysed sites were ranked using the PROMETHEE meiittotheresults and
graphic layout expressed through GAlflane The rankinginvolved five criteria which
represented thealuesof each of theanalysedparametersAccording to the values of the
ShapireWi | keét £0.05 significance level), contents of all themeents examined, were
within the limits of normal distribution. Statistically significant positive correlaiom®re

found betweerkK,O i humus, KO T N (p < 0.05), anchumusi N, KO 1 P,Os (p < 0.01).
According to the results of-test, there was no sistically significant difference between the
sites located in rural area of the town and the ones located in urban (industrial) area.

Generally, our study infers that the alluvial soil in the mauni pal i t yan bod Lal a
considered as agriculturally safe and fertile.
Keywords:L al ak, fertility, PROMETHEE/ GAI A, soil

1. INTRODUCTION

Like air and water, soil is an integral component of our environment, and together with
water constitutes the mosnportant natural resource. The wise use of this vital resource is
essential for sustainable development and feeding the growing world pop{dtidiiowing
primary production in terrestrial ecosystems, soil provides about 99% of food for humanity
andis a precondition for existence of life on earth. For this reason it is necessaryntaimai
its function and quality [2]

From the ecological standpoint, the most important characteristic of soil is its fertility.
Fertile soil represents the basic meéor agricultural production. Soil exploitation often leads
to the disturbance of balance among soil components, which inevitably leads to its damage.
Soil is strongly influenced by the manner of cultivation, application of fertilizers and chemical
melioration agents. Fertility is the ability of soil to provide plants with necessary nourishment,

176


mailto:milos.papic@ftn.kg.ac.rs
mailto:mvukovic@tf.bor.ac.rs

4™ International Symposium on Environmental and Material Flow ManagemeMFM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

water, air, heat, and other factors of life during the entire growing pewods $0 achieve
maximum yields [2] Many agro chemists interpret fertility as thentamt of soil nutrients
available to plants. Thus, a high level of fertility implies high organic matter content, high
content of different forms of nitrogen, phosphorus and potassium available to plants, as well
as pH value close to neutral.

According tothe data listed in the National StrategfySustainable Developmef8], over
the past fifteen years the share of agricultel in Republic of Serbidhas decreased by
10.6%, while the share of araldleil decreased by 10%.

The National Strategy addressthe key national priorities of the Republic of Serbia,
whose fulfillment will most contribute to achieving the vision of sustainable development by
2017. The fifth section presents the objectives, priorities and measures related to the
protection of natral resources, among othgo§the soil.

The strategic objectives of sustainagbd use include:

1 Harmonization of legislation relating to the use and protectiorsoaf with EU
legislation;

1 Preventing further loss «foil and the conservation and ingpement of its quality,
especiallythroughindustrial, mining, energy, transportation and other activities;

1 Protection against degradation asull use changes, and development of agricultural
soil.

Similar conclusions are alstisted in the National Rygramme of Environmental
Protection[4]. It states the following:

1 In order to preserve diversity within the integrated system of environmental protection
it is necessary to monitor thetate and soil use patterns to identify sensitive and
loaded areaglefine the extent and characteristics of soil pollution;

1 The main goal of progress in sustainabtél use in the Republic of Serbia should
include better integration of soil protection into sectoral, local and regional policies
and plans, implementatioand wider application of proven techniques and best
practices for rehabilitation and remediation.

This documentists "the lack of systematic monitoring of soil qualitgg one of the
problems in the framework of sustainabt®l use in the Republic of 8aa.

Hence, he subject of this papewas. (1) to determine the concentrations lodsic
parameters of soil fertilitgontained in alluvial soils which are used for agriculf&42] on
the territory of Lal ak; (2) 8t9% amrartkkythee t he
investigated sites in terms of the presence of the mentioned elements; (4) to determine if there
is statistically significant difference between the sites located in rural area of the town and the
ones loated in urban (industrial) @a. The ranking of sites which involvefive criteria
(chemical reaction (pH), percentage of humus content, total nitrogen content (N), and
available phosphorus £0©s5) and potassium (#O) contents was done using the
PROMETHEE (Preference Organization Madhfor Enrichment Evaluation) muitriteria
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decision making methodyhile the GAIA (Geometrical Analysis for Interactive Assistance)
plane was used for the graphical representation of redutismparative analysis of results of
related studies performday other authors was also provided in the paper so as to obtain a
more comprehensive insight into the issue.

2. MATERIALS AND METHODS

2.1 STUDY AREA

Thecityof Lalak is | ocated in western part of
Gornji Mi |l anovac to the north, Pogega to th
Kraievoand Kni [ . Itis the duminiseasive tenter of the Moravica DigtrThe
geographic coordinates of tedy a r e 210240 A0 738' east | oh4gAtoatle a
north latitude.

The pedol ogical composition of the Lal ak
types are alluvial soil, vertisols, cambisols, andapadzol. Alluvial soil is formed from
deposits made by rivers, and it can be foun
Ri ver . Mor phol ogically, the Lalak basin is &
the lowering movement of two longitd i n a | faults. The surface

towards the Kraljevo narrowing is over 270 %mfihe basin lies at an elevation of 200 to 300
m. Alluvial soils belong to fertile soils, particularly in midand low river courseslhey are
composed of rigr sediment, silt, sand and gravel deposited during floblalsy arehighly
rich in orgamc matter and is easy to work][7

This is the region with probably the most diverse agricultural production on the territory
of entire Serbia. Based on the datahs Republic Institute for Statisticthe surface area of
Lal ak i %wheré® agficuitural areas covs3 kntf (68% or 44.060 ha)According
to the 2002 census, tegy o f L al ak (the municipality of La
the population of 117.072, with 73.152 and 43.9806pte living in the urban and rural areas
respectively [#]. Based on the number of people employed in various agricultural activities,
agriculture is the primary branch of econom§][1

Table 1 shows names of places and coordinates of the samplingkaitgsed. The exact
position of each sampling site was recorded using Global Positioning System (GPS). These
| ocations, extending from Pakovrale and Prij
in the south east, form the agriculturally importanioe@f central Serbia.
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Table 1. Sampling locations

Site Location Coordinates Altitude

_[N] _[E] [m]
1. Parmenac 43A 53" |[20A 17" 246
2. Pakovral|43A 54' |[20A 15" 253
3. Ri Lage 43A 53" 20A 16" 281
4. | Beljina 43A 53° |[20A 19 243
5. |Ljubil K43A 54° |[20A 20" 237
6. Prijevor 43A 53' |[20A 17" 246
7. | Prijevor 43A 54° |[20A 17° 247
8. Prijevor 43A 54' |[20A 16" 250
9. Prijevor 43A ®Bg" [20A 16 246
10. | Suvi Breg 43A 54° |[20A 19° 240
11. |Stanl|ii1i|43A 52' |[20A 26" 223
12. | Mojsinje 43A 52' [20A 27" 228
13. | DonjaGorevnica|43 A 52' [20A 29" 223
14. |[Mr | aj evc|43A 51' |203A 21.36" 212
15. |[Mr|l ajevc|da3A 49° |[20A 30" 211
16. Kuki I i 43A 49" 20A 28" 226
17. |[Mrginci |43A 48' |[20A 29 224
18. Zabl al e 43A 50 20A 27 226
19. | Vapa 43A 51' |[20A 26" 228
20. |TravskaBaluga|43 A 51' [20A 25 225
21. Trnava 43A 51" 20A 23" 231
22. | Atenica 43A 52' [20A 23" 230
23. |Konjevil|43A 53" [20A 23" 231
24, |[Konjevil|43A 53' [20A 24 231
25. |Konjievi l|[43A 52" [20A 24" 228
26. |Konjevil|43A 53" [20A 23" 230
27. |[Ljubil P|43A 53' [20A 22 232
28. |[Ljubil P|43A 53' |[20A 22" 236
29. | PreljinskaBaluga| 4 3A 53' [20A 24" 229
30. | PrljinskaBaluga|4 3 A 52' |[20A 25 225

2.2 METHOD OF SAMPLUNG AND MEASUREMENT

Samples were collected in spring 2013. Samples of cultivating soil (1 kg) in the disordered
state were taken from depths of 0 cm to 30 cm. The sample matasaharoughly mixed
and homogenized to reach the size of the analytical sample.

Six chemical parameters were analyzed: acidity i.e. soil chemical reaction (pH),
percentual contents of organic matter (humus), total nitrogen content (N), content of forms of
phosphorus (J®s) and potassium (#O) available to plants, and carbonates content (GRCO
which was checked only if pH was higher than 7. Contents of the above parameters were
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determined by standard methods for soil analysis used in the laboratory Fdciléy of
Agronomyi n Lal ak. Organic matter (humus) was de
while pH value in 1.0 M KCI was checked using the potentiometric method (using glass
elektrode pHmeter). Easily available phosphorus and potassium were determined using the
Al-method accordig to EgnefRiehm [15] the former being identified by spectrophotometry,

and the latter by flamphotometry. Total nitrogen was determined using Kjeldahl method
modified by Bremner. The results are expressed in mg/100g-dfiad soil. Sampke were

left to air dry for 2 to 3 weeks prior to analyses.

2.3 STATISTICAL ANALYSIS

Statistical analysis, such as descriptive statistics, Shegpird k 6s nor mal i ty t
correlation coefficient and-Test, were performed using SPSS 20.0 softwar&\findows.

24 MULTI-CRITERIA ANALYSIS

For ranking the sites according to sfaittility, seen from the point of presencebafsic
parameters of fertilitywe have chosen the PROMETHEE muliteria decisioamaking
methodi MCDM [16, 17]. PROMETHEE mdiods are widely applied in different areas][
PROMETHEE/GAIA method is particularly useful for the selection of sites, ranking of sites
and prioritization of remedial action$q).

The PROMETHEE method is based on determining the posiliv® énd the negative
flow (0°) for each alternative, towards outranking relations and in correlation with the
acquired weight coefficients for each criterattribute [L6, 17, 18 In our research, the
investigatedsitesserved as the alternatives, wherfiee analyzed elementisere used as the
ranking criteria.

The weighing of the criteria is known to play a major role in MCDA. It is thus essential
for decision makers to be able to see to what extent changes of the weights of the criteria will
impact the rankings provided by a multicritemaethod [16, 17]

Defining appropriate preference function is also necessary when implementing this
method. The preference function defines how pairwise evaluation differences are translated
into degrees of preferenck.reflects the perception of the criterion scale by the decision
maker [I7]. The preference functions are crucial because they define how much one object is
to be preferred to othersqQR

The sigificant advantage of PROMETHEE that it facilitates aational decision making
process which is achieved by virtue of a decision vector that directs the decision makers
towards o6pref®rredd solutions [1

In this paper, the VPSolutions Visual PROMETHEE 1.3 software was used to apply
PROMETHEE | for partiali and PROMETHEE Il method for comgtle ranking of the
alternatives
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3.RESULTS

3.1 DESCRIPTIVE STATSTICS AND CORRELATDNS BETWEENELEMENTS
Table 2 shows the descriptive statistics for the conterasalyzed elementdleans and

standard deviation used describe central tendency and variation of the @dfaafe given in
the table in addition to the minimum and maximum values.

Table 2. Descriptive statistics

Humus | Nitrogen | Phosphorus Potassium
Parameter|  pH (%) (N%) | (P,Osmg/100g)| (K-O mg/100g)
Minimum 4,89 1,94 0,10 0,17 11,89
Maximum 7,25 5,68 0,28 22,05 38,00
Mean 6,10 3,57 0,18 8,56 23,07
Std. Dev. 0,59 0,93 0,47 6,34 5,90
Skewness | -0,165 | 0,431 0,484 0,431 0,289
Kurtosis -0,450 | 0,090 0,083 -0,998 0,073

Skewness and kurtosis are also presgmthich can, to some extent, enable computing of
the uniformity of the distribution which, in this particular case, was calculated using the
ShapireWi | kés t est (0. 05 s i gnnclusioe that alléhe éleaments| ) .
exceptP,Os can besaid to follow normal distribution of the concentratidtable 3.

Table 3. Shapir?Vi | kés normal ity test
Parameter| pH Humus N P.Os | K,O
Sig. 0.632 | 0.510 0.510 | 0.022 | 0.846

Based on the values of Pearson correlation coefficient (@bdatistically significant
positive correlations were found betweesOKd humus, KOT N (p < 0.05), and humusN,
K01 P,Os(p < 0.Q0).

Table4. The Pearson correlation matrix of elements

pH Humus N P2Os K20
pH 1 0.112 | 0.112 | 0.168 | 0.030
Humus 1 1.000* | 0.230 | 0.363*
N 1 0.230 | 0.363*
P,Os 1 0.660°
K,O 1

*, Correlation is significant at the 0.05 leveltgled)
**_Correlation is significant at the 0.01 leveH@iled)
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Comparative overviewf the average valuesf analyzed elements according to town
zones is shown irable 5.

Table 5.Comparative overview of the average values of analyzed elements
according to town zones

Zone N Mean Std. Dev.
Rural 22 42,1417 12,10374
Urban 8 39,5595 10,59424

Table 6 shows the results oftést, in which we exained differences in the two zonek
comparisorastwo independent samples.

Table 6.Differences in the zones of comparison

Mean 95% Confdencenterval of
U - test df p difference the difference
Lower Upper
0,533 28 0,599 2,58216 -7,35032 | 12,51464
0,568 | 14,159 0,579 2,58216 -7,16315 | 12,32747

According to Ftest values (0,533/0,568 an¢b99/0579 forT and p respectively), there
was no statistically significant difference between the sites located in rural area of the town
and the ones located urban (industrial) area.

3.2 PROMETHEE RANKINGS

Table9 shows contents dfasic parameters of soil fertilitpeasured in theitesexamined
above. Given that the presence of these elements in soil is the mdlizifertility, all the
criteria were éfined asdesirable (max The soil in this part of Serbia is generally acidic,
therefore, for the purpose of this investigation, soil chemical reaction (pH) is also defined as
desirable (max), given that its pH value {&3) is considered favorable fgrowing almost
all plant cultures. As pH value at timost of examinedsites did not exceedralue of 7,
carbonate content (CaG)Qwvas not found among the criteria.

It goes without saying that not all tharametergxert identical influence on sdgrtility,
therefore they are defined by relativeportanceof each criterionEach relative importance
was assessed by a panel of experts, hence pH value and humus content (weight 0.30 and 0.25
respectively) are considered more important than nitrogen, phaspleord potassium
(weighs 0.15).

In addition, preference functions were determined based on the examination data. Linear
functions were chosen for @hle criteria owingo their quantitative nature.
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Table9. Evaluation table

Alternatives Criteria
pH Humus N P205 Kzo
max/min max max max max max
weight 0.30 0.25 0.15 0.15 0.15
Preference function Linear | Linear | Linear Linear Linear
Q: Indifference 0.05 2.00 0.04 0.05 0.05
P: Preference 6.00 4.30 0.09 0.30 0.30
Unit T (%) (%) mg/100g | mg/100g

1. Parnenac 6.20 2.21 0.11 3.48 16.8
2. Pakovr al 555 3.03 0.15 9.81 28.74
3 Ri Lage 5.43 3.80 0.19 13.22 27.02
4. Beljina 6.22 3.21 0.16 2.81 22.56
5. Ljubil H 6.17 2.93 0.15 1.88 22.86
6. Prijevor A 5.38 3.60 0.18 1.92 26.35
7. Prijevor B 5.67 4.22 0.21 3.60 17.43
8. Prijevor C 5.9 4.27 0.21 11.63 22.29
9. Prijevor D 5.45 4.10 0.21 19.63 32.23
10. Suvi Breg 6.40 3.80 0.19 2.86 16.65
11. Stanl il 6.48 4.63 0.23 22.05 38.00
12. Mojsinje 6.60 5.67 0.28 14.81 28.63
13. Donja Gorevnica 5.70 4.72 0.24 11.24 30.66
14. Mr | aj ey 693 5.68 0.28 3.47 24.65
15. Mr | aj eV 6.63 3.28 0.16 6.61 17.87
16. Kukili 6.33 3.71 0.19 4.41 18.82
17. Mr gi nci 4.89 2.78 0.14 0.17 20.81
18. Zabl al g 6.21 451 0.23 12.50 26.77
19. Vapa 6.50 3.90 0.20 17.63 26.68
20. Trnavska Baluga 7.11 2.62 0.13 4.44 27.63
21. Trnava 6.43 3.12 0.16 11.64 17.43
22. Atenica 5.93 1.94 0.10 4.61 11.89
2 3. Konj evi 558 3.67 0.18 11.44 19.63
2 4. Konj evi 4.96 3.12 0.16 0.88 21.95
25. Konj evi 6.39 2.21 0.11 16.33 24.84
2 6. Konj evi 5.96 2.82 0.14 1.86 17.83
2 7. Ljubil 7.25 3.18 0.16 12.14 23.67
2 8. Ljubil 5.48 3.33 0.17 11.12 19.87
29. Preljinska Baluga A| 6.54 4.23 0.21 1.26 12.97
30. Preljinska Baluga B| 6.55 2.36 0.12 17.33 28.48

Complete ranking of the alternatives (sitespiained by calculating the Net flow )
which is the difference between the positive’) and negativex') flows (table 10) The
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greater the positive flow, the more important the alternative, while the opposite stands for the
negative flow. Thereforepf the alternative to be more important from the perspective of the
negative flow, it needs to be as small as possible.

Tablel0. Preference flows

T T

Sites A A A
1. Parmenac 0,0678| 0,3419| -0,2741
2 Pakovral e 0,2116| 0,1546| 0,0570
3 Ri Lage 0,2518| 0,109 | 0,1428
4. Beljina 0,1225| 0,2263| -0,1038
5. Ljiubil Kej | 0,1083| 0,2438| -0,1355
6. Prijevor A 0,1305| 0,2238| -0,0933
7. Prijevor B 0,1112| 0,2530| -0,1418
8. Prijevor C 0,2136| 0,1514| 0,0622
9. Prijevor D 0,3226| 0,0497| 0,2728
10. Suvi Breg 0,0828| 0,2623| -0,1794
11. Stan| il 0,3942| 0,0072| 0,3870
12. Mojsinje 0,4687| 0,0454| 0,4233
13. Donja Gorevnica 0,3168| 0,0971| 0,2197
14. Mr | aj evci| 0,2722| 0,1648| 0,1074
15. Mr | aj evci | 01602 0,2054| -0,0452
16. Kuki I i 0,1376| 0,2077| -0,0700
17. Mr gi nci 0,0587| 0,3426| -0,2839
18. Zabl al e 0,3016| 0,0900| 0,2116
19. Vapa 0,2892| 0,0590| 0,2302
20. Trnavska Baluga 0,2261| 0,1808| 0,0453
21. Trnava 0,1427| 0,2022| -0,0595
22. Atenica 0,0707| 0,3715| -0,3008
23. Konjevili] 01555 0,1939 -0,0385
24 . Konj evi |l i| 00725/ 0,3172| -0,2447
25. Konj evi |l i| 02395 0,1814| 0,0581
26 . Konj evi |l i| 0,0555 0,3039|-0,2484
27. Ljiubil Po| 0,2538/ 0,1352| 0,1186
28. Ljiubil Po| 0,1447| 0,2124| -0,0677
29. Preljinska Baluga A 0,0822| 0,2929| -0,2107
30. Preljinska Baluga B 0,2835| 0,1221| 0,1613

In this particular case, the sites were ranked from the ones with the lowest element content
in soil to the sites with their highest presence, whereby their relative seriousness was also
taken in consideration. Locations were ranked top to botemmshown in Figurd. This
manner of representation of the PROMETHEE |l complete ranking is a novelty of the Visual
Promethee software.

+1.0
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Figure 1. PROMETHEE Il complete ranking of alternatives

Complete ranking of the alternatives showed that Mojgimgeation 12), was the location
with the most fertile soil (A = 0.4233), whe
(Locati o®3®&) (A =

GAIA planes offer a graphical representation of the results which can provide a clearer
insight inb the results. Figur8 shows the graphical representation of locations and criteria
using the GAIA planes, theal ue of @& being 87%. This means
lost in the projection. Given that tla@plication of such a manner of represéinh is justified
when the value of & is higher than 60 %, t he
results in this investigation is justifieddL
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Figure2. GAIA plane for the defined scenario

The closer the alternative (square) to the ak@s given criterion, the more favourable it is
from the aspect of the criterion. Generally, the most favourable alternative is the one closest to
the axis of decisioimaking (pi) (marked by the red linéljhis cannot be clearly observed in
the twodimensonal representation of GAIA plane shown in Figure 3, however the 3D
software enables us to pinpoint thesation as Mojsinje (No 12).

4. DISCUSSION

Given that similar research had not been d
measurement results were compared with those carried out by individual researchers in the
region and results obtained by the Eommental Protection Agency {8].

pH value ranged betweeh89 and 7.25, which reflects the overall state for this part of
Serbiaaccording to the Report from 2009 [16jumus content varied froh94 and5.68%
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however most samples were well supplied with humus (over 3%), which is agoeement

with the values obtained in Central Serbia. Nitrogen contemiged betwee.10 to 0.3

which means that all the samples are well supplied e thee high content of this biogenic

element. Phosphorus supply in soil of Central Serbia is ldwg6 of sampl es O 6
13% -D0 6mg/ 100 g) , i n cont G vauestind4 outafi3@ k r e g
locations were higher than 10 mg/10@vigh mean value of 8.56 mg/1008s for potassium,

most samples contain medium to high levels of the ehifmean value 23.07 mg/10Qg)

which is in agreement with potassium content ih@&omajority areas in Serbia [10]

Mitrovil a rahduatet! Bimilarsinvegtigdtion on seven locations in Central
Serbia (Arilje, P o ¢ e g aKraljeubgand: Brus). e gules rweré | Dr
highly similar to those obtained in this study. It was only a single sample taken from a site in
Arilje region that showed higher pH value (7.26), and with CaC@ntent amounting to
6.46%.

Results obtained in this gearch are noticeably better than those obtained for 60 soil
samples from Western Serbiainthe ®ar ch f r om Du gAlllthe ériterinamrd ot h e
preferable in soil samples from Lalak excep
(0.18).

Repat on the state oboil in 2012 [12], which also shows theesults of thebasic
parameters of fertility in agriculturadoil in Central Serbia and the territory of Zlatibor,
Moravica and Raka District, are far inferior compared to the results of this gtwahd the
results of the Report in 2009. According to these results, only 11% of the samples have a
neutral and weakly alkaline reaction compared to 18% in the period-Zl%; while the
percentage of samples with acid and weakly acid reaction rose5Roim 59%. Supply of
available phosphorus is in most of the areas 6% of samples with less tham§/100g) in
relation to a report from 2009 when 61% of the samples had less than 6 mg/100g.

5. CONCLUSION

Apart from being the source of food and wasami] is also the source of biodiversity and
the living environment of human beings. Therefore, it is necessary to regularly monitor the
state of the soil in order to protect quality of life and survival of the living world itself. This
statement largely etates to the cultivable soil whose fertility, as its most important
characteristic, is crucially responsible for the yield which has an immediate effect on both
quantity and quality of human diet.

This paper presents a comprehensive method of analysisoiof fertility using
PROMETHEE method of mukgriteria analysisThe analyses obasic parameters il
fertility which included samples fron30 locations, were assessed as soils with highest
fertility to those with the lowedertility. The study invived five criteria employed by the
PROMETHEE method. The results imply that thest fertile soil is found at thecation of
Mojsinje (Location no 12)while the least fertile soil covers the location of Ater{loacation
no 22). It can be concluded ipen e r a | t hat bdsiehassslghtly acidiareattian] a k
that it is medium supplied with humus, as well as with nitrogen and phosphorus but is well
supplied with potassiuniThe results above show original soil fertility which can further be
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improvel by different agro technical practices. The results are mainly in agreement with those
conducted in Central Serbia
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Abstract: It could be said today, more than ever before, that we are living in a world of
changes inthe society, starting from the economy and to the natural environment, these
changes are so big that the past is not and could not be a reliable guide for the future. Climatic
changes illustrate this at most because the climate has changed and it néy agotag to

change rapidly, therefore it is necessary to evaluate the climate risks we are facing today, and
also the climate risks in the future, in order to make decisions what we should do about them.
Climate risks affect all the aspects of societytstg from the direct impact on the lives of
people, to the indirect impact on the economy trough the price of primary products, supply
chains, all kinds of markets and the national economy. Adapting to these changes and raising
the resistance to risks thaay arise is the lontgrm economic, but also social investment.

Serbia is a member of the Intergovernmental Panel on Climate Change (IPCC), a working
body founded in 1988 at the United Nations, which has so far published five reports about
changes ofthe Earth's climate but the people and the domestic economy are not informed
about them. In conclusion, the report warns that the Earth's climate is changintigatnd
changewill be characterized witlanincrease ofthe average tmperature and the growtf
intensity and frequency of extreme weather events. Droughts and flabdg will happen

(and already have happened, since we have witnessed floods this year) on average every three
years at the beginning of this century, and by the end of the cehtwguld become a
standard form of climate each year.

Developing strategies for disaster risk management within the context of climate change,
requires a variety of approaches and tasks in specific local circumstances. Impacts of climate
extremes and wedagr events can pose a threat to human security at the local level.
Vulnerability at the local level is attributed to the social, political and economic conditions
and programs, including localized environmental degradation and climate change. Solving the
disaster risk at the local level requires attention directed towards much broader sustainable
development issues. While structural measures provide specific protection from disasters,
they can also create a false sense of security. Current regulationsvaiwl df creating
structural measures may not be adequate under conditions of climate change.

The integration of local knowledge with additional scientific and technical knowledge, can
improve disaster risk reduction and adaptation to climate change. Ilpmgailation
document their experiences on climate change, especially extreme weather conditions, in
different ways, and this type of seJénerated knowledge, encourages discussion of proactive
adaptive strategies, and can detect existing capacity witltencommunity. Ecosystem
management and restoration activities, which are directed to resolving the deteriorating
environment conditions are essential in the protection and maintenance the livelihood of
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people in the light of climate extremdroviding béter access to and control of resources

will improve the livelihoods of the people, and the ability to build iergn adaptationSuch
approaches have been recommended in the past, but were not included in the construction of
economic entitiestill today.

Keywords: economy climate change, managing the riklcal level

1.INTRODUCTION

We are living in a world of changes, starting from the society, the economy and to the
natural environment, these changes are so big that the past could not belea geidsb for
the future. Climatic changes illustrate this at most because the climate has changed and it is
certainly going to change rapidly, therefore it is necessary to evaluate the climate risks we are
facing today, and also the climate risks in thaurfe, in order to make decisions what we
should do about thenClimate risks affect all the aspects of society starting from the direct
impact on the lives of people, to the indirect impact on the economy trough the price of
primary products, supply chainall kinds of markets and the national economy. Adapting to
these changes and raising the resistance to risks that may arise is {tegrfoegonomic, but
also social investment.

Serbia is a member of the Intergovernmental Panel on Climate Change (éP@&king
body founded in 1988 at the United Nations, which has so far published five reports about
changes ofthe Earth's climate but the people and the domestic economy are not informed
about them. In conclusion, the report warns that the Eartiwsateliis changing anthat
changewill be characterized witlan increase of thaverage tmperature and the growth of
intensity and frequency of extreme weather events. Droughts and flabdg will happen
(and already have happenadwe have witnesseitl this year) on average every three years at
the beginning of this century, and by the end of the century it would become a standard form
of climate each year.

Developing strategies for disaster risk management within the context of climate change,
requires a variety of approaches and taskspecific local circumstances because thpacts
of climate extremes and weather events can pose a thieatntn securityVulnerability at
the local level is attributed to the social, political and economic dgonditand programs,
including localized environmental degradation and climate charye integration of local
knowledge with additional scientific and technical knowledge, can improve disaster risk
reduction and adaptation to climate change. Local populatbcumenttheir experiences on
climate change, especially extreme weather conditions, in different ways, and this type of
self-generated knowledge, encouragfes roleof proactive adaptive strategies, and can detect
existing capacity within the commupi
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2.ECONOMIC ASPECTS OF ECONOMY ADAPTATIO N TO CLIMATE CHANGE

Today, the ternficlimate changeis most commonly used when we talk about climate
changes that are happening since the beginning of the twentieth centutiiaeoccurred
more as a re$tuof human activitiesBy the beginning of the industrial revolution the climate
change has happened as a result of the changes that occurred by natural circyrhstances
today,the global warming ignosty a consequence of anthropogenic impact. At tilme the
average temperature on Earth is 0.8 degrees higher ithesas before the Industrial
Revolution,and the rise ofemperaturabove AC woul d | ead to danger o
and devastating impact on plant and animal communities.

Whether the climi@ change is part of a natural cycle or the scary stories about them are
only part of the scenario for another good profit at the expense of human gullibility? There is
an undeniable connection between the economy (economic) development and the
environmenal state with the necessary natural balance, including climate change with the
global conditions of life. Even the elementary definition of the notion of economy and
ecology indicate inevitable conflicting relations, but also certain integral elementsdelsn
of economic and environmental development. The main task of the economy in relation to the
environment is reduced to finding technologies and methods that ensure the most efficient
processing of natural resources in goods and services for human wbddsthe goal of
environmentis to keep the natural environment and resources protection and preservation
unchangedFrom an economic perspective the environment has the character of a composite
good, because it suppliegee economy with raw materiathat are transformed into final
products. This transformation allows the energy that the natural environment provides, but the
environment also provides a range of final products to peagkan air, drinking water, but
also the aesthetic and recreatiovellie of the natural landscape.

Defined opposite of economy amshvironmentis reduced to the problem of finding a
mechanism for allocation of (natural) recourses which will along with the maximizing
economic efficiency also ensure a maximum preservatiothe ecological balancéhe
realization of the concept of sustainable development requires a whole range of new activities:
a new technical and technological solutions, new legal and institutional arrangements, new
forms of public communication and iméetion at the national and local levels, adequate
financial solutions, education and promotion.

The impact of global warming is evident from the equator to the poles: forests are
retreating upward a cooler location, the glaciers are melting on everyigent, and increase
the level of the sea. The impact of climate change will be complex and with great
consequences for life on Eart@ne of the areas that are fastest heated on the Earth is a
region in which we live today, the DanulB&arpathian basin @rthe impact of climate change
is evident in Serbia (changes in temperature and changes in the distribution of rainfall). In
2012, Serbia was hit with an unprecedented severe drought that halved agricultural crops and
caused enormous damage to the econoy it led to the awakening of the population and
the local authorities against the dangers of global climate change.

Catastrophic floods which hit Serbia in May 2014, they found the country unprepared for
this possibility and have caused, along with barsacrifices, and enormous material damage.
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Imposes itself conclusion is that it is largely the result of the irresponsibility of government
(national or local) authority in relation to the threat posed by climate change in eyeaulti
period. Great regmsibility lies with the local media who ignore the documents of the UN and
other international and national organizations and do not transmit articles about climate
change from the foreign press. We can conclude that as a nation, but also as a sara, we |
very slow and pay attention at this kind of events only when we have a problem that literally
has hit the head.

We have the knowledge and the technology to try to avoid the disasters that are
anticipated as a result of climate change. Many citizemgrgments and industries are ready
to face the challenge. United Nations Framework Convention on Climate Change (UNFCCC),
an organization whose member is Serbia too (addressing practical programs for mitigating
climate change and adapting to them), eweP012 issued an instruction for adjustment of the
economy and other sectors of society to these changes (National Plans adjustment), but
neither the citizens nor the Serbeconomy are familiar with it. [1]

Serbi a i s Ilatergovernmbeatal Pamdh Climate Change(IPCC), established
at the United Nations (IPCE€www.ipcc.ch) and founded with intention to assess the facts
about global climate change and its effects on life on Edrths intergovernmental
bodyconsists of 195 countries worldwidend in the preparations work of its five voluminous
reports, which talked about the state of the climate change on earth, as well as a number of
recommendations to mitigate these changes and adaptingm, thousands of professionals
have participated,sawell as representatives of governments of the member countries. It is
practically the most significant and most authoritative international body dewatimglimate
change on Earth. [2, 4, FReports of the IPCC, risk assessment climate change, they
corclude, in short, that the world faces two major risks: further increase in the temperature on
earth (global warming) and dramatic changes in the steady state of the climate, i.e. it is faced
with climate chaos and extreme weather, that will, in the flestg) cause enormous damage
to food production i.e. agriculture, but also other macro and reicooomic parameters.

The uncertainty related to climate change is wide and hard to predict, to such an extent
that the standard tools for decision making intatesof uncertainty are totally inadequate.
Projected climate change alerts Serbia. If the average temperature in Serbia continue to grow,
the country could be hit by another major drought, food shortages and tropical diseases,
according to a report publied by Ministry of Environment and Spatial Planning regarding
the climate changeshich was adojed by the government ].3The report also states that the
long summer drought could be interspersed with short periods of heavy rainfall, which is
enough to case floods in certain parts of the country, as we have witnessed in recent years.
We do not have three summer months with temperatures between 25 and 30 degrees Celsius,
but instead the temperatures are over 40 degrees, accompanied by more days ofl increase
precipitation.

As a result of climate change, cases of droughts and floods have become increasingly
common, serious and expensive. The biggest victim of all thepegsent climate change is
agriculture. In many areas, the increase in temperature augidrwill limit agricultural
production, which is one of the most important sectors of the Serbian economy. Water for
drinking, industrial and agricultural use, is becoming scarce, because the temperature rise
jeopardizes even further the already affegexlindwater resources in Serbia. Forest fires are
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more frequent and more severe, and is also expected a reduction of snow cover and the length
of the winter period, which affects the water reserves in theT®wa.impact on biodiversity

plant and animaspeciesbecame so significant that their movement can serve as an indicator

of the warming of the planet. They are silent witnesses of the rapid changes taking place on
Earth.

Serbia could also be affected by a great number of large fires, as a conseanfugnought
and high temperatures, and the most serious consequence could be a decline in the yield of
grain and agriculture, which has so far been the most successful part of the country's exports.
More frequent and intense droughts in recent years ¢dev&ed severe damage to agriculture.
During the drought yields in some areas were up to 40 percent lower than in periods without
drought and a further climate change will only contribute to further reduce of yields of wheat,
potato, sunflower and soybean.

The scientists predict that climate extremes will amplify the intensity and frequency
(particularly high temperature and precipitatian, floods), and that the effects of climate
chaos with cold or hot waves when their time is not, will occur on agexregry three years at
the beginning of this century, and that would become the standard weather pattern every year
by the end of the century. In short, the distinct characteristics of the seasons are losing (season
sowing, ripening, harvesting), and weatlthanges will become less and less predictable or
certain, so as we can see today in Serbia.

Here we should especially mention one of the recommendations from -2&1igk
management of extreme events and disasters for better adaptatibmate changé [6]
"Example of adaptation measures and criteria for assessment in agriculture": to provide
forecasts and information about water supply; improve management of water resources;
improve irrigation; better planning in the use (purpose) of land; develefter bype of seed
and establish seed banks; introduce a system offaggstry (to mitigate the effects of high
winds, snowdrifts and mitigate high temperatures in summer) and boost the local human and
technical capacity;

At the same time, climate changeuld bring new diseases in humans and plants. People
would be more likely to suffer from cardiovascular diseases and tropical infections, such as
malaria. As of today, we have to make changes to adapt to economic and agricultural policies
and to prepareitizens for the new situation. These adaptation measures should include the
construction of new water supply systems, new systems for land irrigation, selection of new
plants that will grow in this new climate, increased flood protection, and chandpeshiedlth
system.

Climate change will be a lot more serious than it was previously predicted in what we
have assured during this year. One of the critical importance is to reduce emissions of the
greenhouse gas. "Greenhouse effect" is very important whdalkabout climate change as
it relates to the gases that keep the Earth warm and enjoy the most credit for the existence of
life on it. Some of the gases (carbon dioxide) that make the greenhouse effect people produce
in their daily activities. This adiional amount of carbon dioxide is the main suspected for
increased greenhouse effect and for Climate Change (catastrophe). Reducing greenhouse gas
emissions can be achieved primarily by saving eneemergy that is saved does not have to
be rebuilt.
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Serbia has great potential for energy savings. As energy prices continue to rise, saving
energy means saved money, and the plaiset We must turn to cleaner, renewable energy
sources, such are geotherreakrgy, wind, sun and water [14. 1127]. The bimass, which
Is created in our forests and agricultural land, is also very suitable for the production of
energy. The main objective is to raise the awareness about how everyone can impact on
reducing greenhouse gas emissions that cause greenhouse effetiieseby helpthe
mitigaton of climate change by saving on the energy resources. The United Nations
Convention on Climate Change recommended all countries to work on education and raising
public awareness about climate change and energy conservatigh, igtthe goal of the
campaign "Global warming is a local problem," that WWF is leading in many countries of the
world.

An essential role is played by the political and economic deems@kers, which are
expected to rationally manage the natural resauircerder to reduce the economic risks and
provide for the protection of human life and property. The Department of Sustainable
Development and Climate Change in the Ministry of Energy carries out activities related to:
the development of strategies anddns for environmental protection in the field of energy for
sustainable development, as well as implementation and monitoring of environmental
protection measures in the energy sector, particularly in terms of decreasing influences of the
energetics on thate change.

Cities today have to prepare for climate change, as well as to invest in the protection of
natural disasters. For this purpose, they should build canals and dams for flood, they must be
prepared for other extremes, such as droughts and laeasywhich will also become more
frequent. Preventing the disaster is expensive, but who would say what is the excessive
development and who can forbid the mayors of the local governments in Serbia to adopt
measures that will result in emission reductjgmsmarily in terms of transport and energy
products?! None of the projects for this purpose is not that much expensive as far as are the
conseguences if nothing is done about that.

Few people know that the construction sector consumes 40% of world energy
consumption, and generates 30% of total emissions of greenhouse gases, even more than
some other factory. The support must be in industrial ecology and innovation (such as
developing the clinker which produces less carbon dioxide, new clinkers contain les
limestone and can be warmed at lower temperatures, which allows the reduction of carbon
dioxide by 25% to 30% as well as improvementpobcesses that efficiently exploit energy,
optimize the composition of concrete and improve recycling.

The entire cemnt industry generates about 5% of L&Missions globally. There are two
reasons for this relatively high level of emissions, the first and most important is that the
cement is a product that has multiple uses and is widely used. The second reasdn tkktes
methods that are used for the production of basic components of cement, clinker, which
requires physicathemical transformation at high temperatures. Cement production generates
COg,, but it is the case with the production of all building materateel, aluminum, brick,
and even wood, as it is with all other products.

Lafarge, one of the largest manufacturers in our country, develop and implement a
comprehensive strategy to prevent climate change. The Group has successfully achieved the
goals sefor 2012for oneyear in advance, and gave themselves three new objectives for 2015
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and 2020, within the framework of the partnership which is developing for ten years already.
Lafarge in Serbia also has an important role in achieving these goals, beafarge is
committed to reducing CQemissions globally by 20%. This decrease is almost four times
greater than the one required by the Kyoto Protocol for industrialized countries. At the same
time, in order to reduce the amount of fossil fuels that aeel in the furnaces, the company
has launched an ambitious program to replace fossil fuels with alternative, mainly industrial
and municipal waste.

Climate change may also affect the tourism in many ways: Variable and unvséabher
conditions will makedifficult the functioning and planning in tourism; Natural weather
disasters can harm tourism infrastructure, natural and cultural treasures and local
communities: Many tourist infrastructure is located in sensitive areas; Climate change may
affect the leel of comfort of tourists, as well as the number of activities; The increase of the
sea level and sea temperatures jeopardize coastal and island destinations, as well as port cities;
Climate change can affect natural habitats and biodiversity, which rasgoa attraction for
ecotourists and nature lovers; Changes in precipitation and the hydrologic cycle may affect
the availability of freshwater resources in the aedion, which is the basic need tourists;
Reducing snowfall has a direct impact on tmeuntain and ski tourism. Many tourist
activities (skiing, swimming, wildlife, natureased tourism) require specific weather
conditions. A small increase in winter temperatures, for example, would eliminate the ski
center on the lower slopes of the Alggesponse of tourists to climate change can be a
negative impact on the attractiveness of the destination (for example, dead coral, scarcity of
species, loss of habitat).

Although the pollution in tourism affects many aspects of tourism activities, the main
problem is related to the exploitation and use of means of transport, especially in passenger
and air traffic. In the broader context of sustainability in tourism development, the impacts of
tourism on climate change can be linked to water consumptioerardy consumption per
capita, as well as the impact that tourism can have on the flora and fauna. Tourism contributes
to the creation of carbondioxide, primarily through transport, heating and cooling facilities
for accommodation, wherein the fossikfs are mainly usedn order to reduce the negative
impacts of tourism, it is necessary to adopt environmentally managing techniques and
technologies. For a tourist destination, it is important to respond to climate change by
introducing various strategg such as greater energy efficiency and the use of fuels with less
carbon.

Plans for adaptation to climate change should be made starting from the regional and
national, municipal and local, to those according to the type of hazards (droughts, floods) as
well as the type of endangered sectors (agriculture, industry, energy, transportation networks,
etc.). The British economist Nicholas Stern published a report in 2006, known as "The Stern
review: The Economics of Climate Change", that deals with the ndief the global
warming (climate change) on the global economy, where he claims that the climate change on
earth is the biggest failure of the market economy in history and calls for significant
investments in order to mitigate and prevent further ckmetange. He finds that the
investments in this project, no matter how large they areldamusignificantly paid out. [7]
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3. MANAGING OF THE RISK CAUSED BY CLIMATE EX TREMS AT LOCAL
LEVEL

In the context of this paper, the term "local” refers to the éxtiethe city (municipality,
city, province, and region), control structures, institutions, grouping, conditions and a set of
the experience and knowledge that exists on the scale below the national level. It also includes
a variety of institutions (publiand private) that maintain and protect social relationships and
those relationships that have some administrative control over the spatial resources. The term
“local" is important, because the localsvaystempta disaster at first hand, they retain the
local and traditional knowledge valuable for disaster reduction and adaptation plans, and in
the end they do not implement the adaptation plans by themselves.

Local data systems and knowledge are often neglected in disaster risk management. There
Is significant potential for adaptation to the system of geographic information, including the
knowledge at the local level for support of disaster management activities. Indirect losses are
quickly transferred to the account as important factors in acceleraénuetiative economic
consequences. Adjustment costs, through a difficult estimation, could be reduced if the
adaptation to climate change is integrated into the existing catastrophic risk management and
development strategies.

Integrated disaster risk mareagent in policy and practice, provides key lessons relating
to climate change adaptation at the local level. Problem solving refers also to the approach in
the multthazards planning and actions in the disasters and in the short time makes it easier to
adapt to climate extremes over a longer period of time. The main challenge for local
adaptation to climate extremes is to implement a balanced portfolio, as a "one size fits to all
strategies."Successful measures simultaneously consider the main issuesd rédatthe
improvement of the local collective actionsnd the creation of accesd national and
international levels, to complement, support and legitimize such local actions.

First of all, dsasters occur at lockdvel and affect the local populatiofhese impacts can
have national and international implications and considering this, as a result, the responsibility
for managing such risks requires connecting on local, national and globalQexebf the
possible options for disaster risk manageniethese cases atke strategiefom the bottom
and upwards, designed by and for the lopddices while the other managementtoms
represent a product gfobal negotiations at all levels, which is then implemented through the
national institutions abcal level. We must not lose sight that some communities are able to
cope with the risk of disaster, while others have limited resilience to disasters and lack of
capacity (human and financial) to cope with the risk of disasters, and to adapt to climate
variability and extremes.

Local communities routinely perceive the danger of climate impacts, with many cases of
extreme weather and climate events. The importance of the analysis from a local perspective
is that extreme weather and climate conditions vally from place to place, having in mind
that not all places have the same experience, particularly when such conditions have come
true. Research shows that experience with disaster affects the behavior proactively in
preparing and responding to the nexent. The research show that the experience with a
disaster have an impact at the future behavior in terms of proactive approach in preparing and
responding to the next evehical places are different according to their experience, who is
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and what is indanger, and also, to the potential geographic extent of potential impacts and
responses towards stakeholders and the people who make detisgaiplaces have much
experience with shoterm responses of survival and adaptation to catastrophic rsskslba

as the longerm adjustments, such as the establishment of local flood defense, the selection of
crops that are resistant to drought conditibnsalso theseasonal or longer migration of one

or more family members.

Disaster risk management musvaive struggle from day to day, in order to improve
livelihoods, social services, and environmental services. Local reactions anderiong
adaptation to climate extremes will require a disaster risk management which recognizes the
role of climate variabity. This may involve the modification and extension of the principle of
local disaster risk management, as well as experience through innovative organizational,
institutional and government policies at all levels of jurisdiction (local, national,
internatonal). Given the large differences, it is clear that only one solution for managing
disaster risk is not possible (there are differences between urban and rural communities in the
terms of disasters and vulnerability to climate change and disaster dskptions for
adaptation).In order to make the hazard vulnerability in relation with the climate changes
effectively reduced, there is a need of coordination between different levels and sectors,
besideghe inclusion of a wide range of stakeholders atdcal level.

It is important to know that while the climate change may alter the volume and/or
frequency of some climate extremes, some other processes as ecological, social, political or
economic processes (many of which are global in scope) affeability of communities to
cope with disaster risks and climaensitive dangergfficient communication is necessary
in the entire cycle of disaster management: reduction, readiness, response, recovery,
particularly at the local level, where the commatiien constraints and opportunities are
especially faced. It haviecreased the research field of obstacles by communicative impact of
climate change in order to motivate constructive behavior and policy choice. Communicating
likelihood of extreme impactef climate change also represents an important and difficult
challenge. Climate Research Communications deals with the issue of the way how
information can be designed, and the mechanisms and timings of their distribution.

Structural measures can be usedninimize the effects of climateelated events, such as
floods, droughts, coastal erosion and heat waves. Structural interventions that reduce the
effects ofextremeevents are often employed in engineering jobs, to provide flood protection,
such as damslevees, sea walls, modifications to river channels, flood gates and tanks.
However, structural measures also include those for strengthening the building (during
construction and repairs), for improved water harvesting in areas affected by drought (e.g.,
roof catchments, water tanks, wells), as well as the impairment effects of heat waves (e.qg.
insulation and cooling systemsplthough many of these structural interventions can
successfully reduce the impact of disasters, they may also fail due to lackndénance, age
or because of extreme events that exceed the level of engineering tresigncase that the
frequency and magnitude of extreme events increases as a result of climate change, a new
design level may be necessary. Technical considesaibauld also include issues of local
social, cultural and environmental.

The benefits of early action are several times greater than the costs, and ignoring of
climate change will eventually harm economic growth. If the action is taken before it will be
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more cost effective. Developing countries, such as Serbia, largely depend on agriculture,
which is most vulnerable to climate from all economic sectors. Because of this economic
structure, low income and higher sensitivity to all impacts, including clinciteate change
adaptation is especially difficult.

The costs of mitigation of around 1% of GDP are small relative to the costs and risks of
climate change that euld be avaded. [8, p. 33]There is no more time to waste, preventive
measures should be &k as soon as possible to avoid further damage and future costs.
Financing of natural disasters risk and insurance programs are good practices that can be
defined as a financial protection against natural disasters, and there are increasingly more of
suchprograms. The management of knowledge in all areas and capacity building are needed
to build the internal capacity of staff through the sharing of knowledge and experience
(implementation of integrated measures to adapt to climate change and the manajement
environmental risks and natural disasters).

The aimof the project (program) lays agenerating local action plan for adaptation to
climate change, environmental risk management and response to natural disasters, and the
development of capacity of ldcaommunities of affected communities to adapt to climate
change, management of environmental risks and response to natural disasters, as well as
beginning of the realization the plan.

The importance of climate change is growing from year to year. Cliohatiege impacts
on the environment are growing, while the negative effects of natural disasters are increasing.
In this region, the changes are most presamt theaverage seasonal temperatures and
changing rainfall patterns and intenséye in increasewhich is reflected in more extreme
droughts and floods. Damage, mostly from the flooding and drought are estimated in the
hundreds of million dinars each year. In most cases, the most affected are the poorer part of
the population. Natural disasters sloawmah the economic development, thus weakening the
social capital.

Policies of adaptation to climate change are one of the most important environmental
policies. One of the priorities of the Danube strategy within the pillars of environmental
protection is lhe management of environmental risks. Environmental risks are a direct threat
to human health and quality of living space. Natural disasters are relatively rare, but are
remembered by their social, health, financial and environmental consequences. Darube R
is a particularly sensitive area, with high exposure and high fragility and aquatic ecosystems.

Most municipalities do not have an Action Plan of adaptation to climate change,
environmental risk management and response to natural disasierhe irstitutional and
sector capacities are developed enough for this challenge in the future. Assessment of
vulnerability of municipalities in the future should not be leftatnad hoc approach, nor
should the consequence of climate change in the coming Yearsken lightly. The
specificity of these projects can be seen in the fact that the Action Plans contain a significant
number of norinvestment measures (and lack of capital works will not be an obstacle to its
realization),as well asthe components offte Action Planthat will represent not only the
instruments of protection, but also the instruments of local human, infrastructure and
economic development.

First of all, it is necessary to define methodology and formation of expert working groups.
The man activity should therefore be associated with the assessment of vulnerabthiy o
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territory of the municipality from environmental risks, natural disasters and climate change.
Activities related to the development of the Local Action Plan and the ajgweht of
capacities for local communities in order to adapt to climate change, environmental risk
management a@h response to natural disastelsvolvement of the local community;
Presentatin of Action Plan to the public; Adoption of the Action Pl&wctivities related to

the implementation of the Acin Plan;Activities related to the introduction of the system
managementof changes in local governmenfctivities related to the inclusion of
components and priorities of the UN Framework ConventiorCbmate Change in local
sectorpolicies.

Different economic sectors show different sensitivity to natural disasters and unfavorable
weather events. As one of the most sensitive sectors stands out the agriculture, and beside it
other sectors that show signdiat sensitivity are the energetic, waterpower engineering and
air transport.Participation of sectors that are dependent on weather conditions in the gross
national income Serbia is significant, aridhtt in 2005 amounted to 47.18% [World Bank,
2005]

4. ECONOMIC AND ENVIRON MENTAL ASPECTS OF ENVIRONMENT AL
PROTECTION, ECONOMIC ACTIVITITIES AND CLIMATE CHANGE S

The permanent increase in the intensity of the use of natural resources with the primary
objective of meeting the increased needs of a growing pigulhas caused a number of
irreversible adverse changes in the environment and nature, which increasingly represent a
source of certain environmental and climate problems. It is necessary to examine the
connection between economic goals and environmemniatiection objectives of natural
environments that is to say to define the development coordinated with the requirements and
limitations of nature. The protection arehvironmentlly sustainable use of biological
diversity (biodiversity) is completely igned and unjustly neglected in many countries, but
also here. Interaction of the economy with nature has entered a phase which requires the
permanent monitoring and active measures to ensure the smooth functioning of the economic
process and reduction ofetimpact on the climate changes.

A new environmental ethic has appeared, ecocentrism, which places the eco system in the
centre and makethe human asne with all other forms of nature, and the only thing that
distinguishest is the responsibility for # preservation of "life" in general as well as the
human species and inanimate nature. Responsibility is derived from the fact thahomgra
beingis endowed with a highly developed awareness and the ability to be the bearer of the
moral values. Thbumanon this planet can be saved if he takes into acdatiiife and life in
general, respedts life as well as life around him, because he often puts his daily needs for
prosperity and increasingly perilous conformity of any kind above human lifeeaatith h

Therefore, a new view of a man's relation to nature and society has appeared.
Environmental ethics or learning about good and proper action, learning about the business
dealings which do not destroy nature, the economy is only a part of the hutiéiesc
which include the manufacture, distribution and commercial movement of goods for the
satisfaction of human needs, including luxury consumption. We are talking about a new
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product of the environmental ethics which puts nature into the ethical oesystem, not a

man or a human (consumer) society. Validity of the ethics is now expanding to the rest of the
living world, but also to inanimate world (natural resources and raw materials), that is to say
on the world in general, where human regtality and knowledge that a man is given a
responsibility as a conscious being to be a guardian of all forms of nature must have its place.
From the perspective of environmental economics, natural capital should be seen as the basis
for the production of Wich is, at leastas important ashe capital created by humang0[

p.137

In environmentalterms, theeconomists must also strive for the principle of taking
precautions- they should strive for minimal interference with the functioning of natural
systens, especially when we cannot predict the {argn environmental and climatic effects.

To determine how the environmental rationality is applied in our organizations a study is
conductedwhere104 companies were interviewed, some of which are in thetpraector

and some statewned. The survey was conducted in companies inTihecka krajina
region, Jagodi na, Pirot, Nig and Leskovac.
with environmental issues? 65.5% of the companies surveyed respondiklgpsand

34.5% negative. The results are not satisfactory, because the percentage of those who do not
have employees engaged in environmental issues should be much smaller.

To the question: Are, in your opiniothe environmentalfunction and the fungon of
production management in the enterprise connected? A large number of respondents, 85%
replied that they are related, which is true, and it can be concluded that business people
understand the importance of the role of environmental rationalitynd guestion: What is
the environmental rationalityOver 54% of respondents said they knew what the
environmental rationality is. Due to the importance of environmental rationality today, this
percentage should be much higher. A large number of respor{8&ri%o) said they did not
know and 8.3% responded that the environmental rationality is a secondary production
function that is not very important.

To the question: In which direction you plan to develop your environmental ratiorality?
large number of @ampanies (about 73%) gives great importance to environmental rationality
and consumers, which is an encouraging fact. People and organizations understand the role of
the environmentalscienceand its importance in the company, and plan to continue to
regulbrly train professionals and staff. Only 11% of respondents are satisfied with the current
situation, and they do not want to change anything, and about 16% is not thinking about the
further development in their company. It is evident that business oagjanz need to
strengthen their efforts in environmental marketing research and based on them, define a
strategy for further development.

China is now investing huge money in green technology and is slowly becoming a leader
when it comes to using solar egg and wind energy. In Germany, when it comes to clean
energy, over three hundred thousand jobs have been opened due to the trend of green
economy and the use of sustainable energy resources, and our country, although rich in
thermal mineral springs, doohmake sufficient use of this comparative advantage. Thermo
mineral spring in Serbia provide economic benefits through comparative advantages of
renewable energy and environmental benefits due to the reduction of global warming and the
impact of climate bange. Geothermal water could have significant application in highly
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intensive production of healthy (organic) food, for heating greenhouses and livestock farming,
and other needs (air conditioningeating and cooling buildings, etc.).

Benefits obtainedby using geothermal resources are multiple and numerous, and can be
divided into three main groups: @o-economic, environmental, technical and tedbgizal.
Geothermal energy itcal, autonomousourceand does not dependent on anything. Its
exploitaton and utilization is independent from the international political, economic, war and
other crises. The exploitation and utilization of geothermal energy does not depend on the
import. Its use does not create the conditions for political and financiaknidaic or
conditioning of historic enemies in the world, as is the case with the import of oil. The use of
this energy is not affected even by the weather conditions, nor floods, nor earthquakes, nor
drought, nor storm, and its accumulation cannot be destro

The structure of energy consumption in Serbia-lemperature thermal energy makes up
about 3635%, and is covered by coal, wood, electricity, oil and gas. Coal is environmentally
harmful, wood and electricity is a shame to waste for heating, aadaijas we do not have.
Serbia may cover 2830% of the total heat consumption from geothermal sources. Thermo
mineral water with the use of heat pumps can have broad application in the industry. Hidden
costs in the exploitation of fossil energy sourcesaabig unknown, it is impossible to predict
them or to express them because they, mainly, originate from the adverse impacts on the
environment (rehabilitation of opencast mines, reclamation of tailings impoundnasht
mud strewn accumulation, reloaati of settlements, roads, deforestation, destruction of fertile
land) and as a resutif all said above the climate change also,.€lte latest economic
requirements, as a condition of high competegoes theuse of this energy beconaematter
of prestge in terms of quality of lifen the domestic and on the world market and it becomes
a key postulatef national economic systems [Id 137).

Environmentalstrategy of society is not a matter of politics in the narrow senset nor
could be subject tohte current orientation of governmeittis adopted and implemented in
cooperation with economic interests, technical capabilities, and environmental, domestic and
international standards, taking into account the experiences of environmentally advanced
ecaromies and in accordance to the findings of the experts' projections. With the help of
social marketing it is necessary to take an active economic and environmental policy, with
eligible measures and instruments, adapted to the economic system, thedait@hic state,
but also to the culture and traditions of the nation. People are increasingly demamding
information about the social responsibility of companies and institutions of the system and
their responsibility towards the environment, and emwental awareness cannot be
achieved by birth, but systematically created through the entire system of education, science,
culture and (enviromental) education. Nations whi@re not aware of that have a special
responsibility for the future of the planet

5. CONCLUSION

The basic definition of the term's economy agmvironmentindicates the necessary
adversarial relation, but also certain integral elements in models of economic and
environmental development. Since the protection of human environmentalametary
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problem, the problerof all people, perhaps not equally expressed in all areas, but, if it is not
solvedon the global and local levels,will certainly expand and create larger problems. If

the protection of nature and environment has becanwilization problem, and economic

profit motive of business manufacturers and other business entities, then one cannot ignore
any of these questions. Practice has proved that this is a job for the state and its local
institutions.

The term "local" infuences the context of disaster risk management, the experience of
disaster, states, and actions and adaptation to climate change. The classical understanding of
economic wealth is changing, expert thought patterns are occuring in the valuation of natural
resources and environmental fact&svironmental rationality has to become an integral part
of economic theory and business practice. Alternative development opportunities for a large
part ofhumarkind are the development of alternative technologiesmaterials, energy, and
mineral fuels. Despite some contradictiomsid environmental and economic goals, each
responsible nation must have a strategy for environmental protection and sound and
sustainable development, and that strategy must be basedeativahjexpert determination
of state, economic principles and opportunities, both at the national and local levels.

The use of geothermal resources in Serbia must be an important basis for economic
development. Social, technological and economic advasitagbenefits of their use are still
significant compared to other energy sources, and may gain more if the value of concern for
the increase of C{n the atmosphere leads to economic measures that will discourage the use
of fossil fuels. Geothermal engrgloes not increase the natural greenhouse effect and does
not cause climate change, does not destroy the ozone layer and does not cause acid rain. It is
necessary to increase the knowledge on sustainable economic developnseniranchental
economics, sthey are in the service of environmental rationality (increase of the interest,
awareness raising, loigrm research and monitoring of its implementation). This approach
requires the application of the principles of environmental economics and aetiiplthe
local economy, but also the proposition of the audit of calculating national income accounting
system, so as to incorporate the amortization of natural capital and the application of the
principle of taking precautions, especially when you cammedict the longerm effects of
climate change.

From the research it is evident that the thsk issetin front of the theory and practice of
environmental management and economics is not aasfl, but fortunately the talent,
creativity, imaginabn, intuition and science knows nouralariesin both the achievements
and among people locally and globally.
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Abstract: The aim of this papes to develop a system, which can be used to determine the

most polluted section of BelgradeNi g hi ghway. This system co
operations used by computer program methodology for calculation of emissions from road
transport- COPERT IVand a versatile dispersion model for predicting air pollution levels

near highways and arterial streétsCALINE 3, in order to simulate the air pollutant
dispersion in the area along the BelgrddeNi ¢ hi ghway. The result:
methodology and CAINE 3 model were integrated in Geographic Information System (GIS),

which was used for selecting the most polluted section of Belgradé g hi ghway an
surroundings, where air pollution levels were above limits. The resultedhbe simulation

of pollutants dispersion in the case of the worst weather conditions and that the concentrations

of particulate matter (PM) and sulphur oxides {5@arbon monoxide (CO) and nitrogen

oxides (NQ) are the highest in the area of sectio Ror & W.aPtana.The results of GIS

showed that emission of motor vehicles has the influence on air quality; it mostly depends on

fuel consumption, vehicle technology, and meteorological parameters. Unlike other models,
GIS displays data on the map, kiag a critical area, which enables easer application of
environmental protection measures. Finaltycan be concluded that the application of GIS

can improve the process of pollutant emissions reduction.

Keywords: air pollutants, vehicles, COPERT IV,ACINE 3, Geogaphic Information
System (GIS)

1. INTRODUCTION

Although, transport is very important in today society, its increasing intensity has some
unwanted effects. The use of motor vehicle is increadegpite its emission control4].
Road trafic is the potential source of metal pollution originated from combustion products
from fuel and oil, corrosion products of vehicle components and road construction materials,
etc. Reduction in lead concentration in petrol has led to a decrease in eghdusiissions
within the lasttwo decade$2]. Air pollution is the negative influence of transport and the
main pollutants from combustion of fossil fuels are: \NGO, SQ, VOGCs and PM B].
Different types of fuels have different concentrations of pafitg to the environmemtlOy is
a primary pollutant, emitted by motor vehicles as well as all the combustion sodfces [
Every liter of fuel consumption during combustion makes 100 g of CO, 20 g of VOC, 30 g of
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NOy, 2.5 g of CQ, and other substancesdilcompounds of lead, sulfur and heavy particles,
which cause air pollutiorb].

Traffic density influences thieeavy metal cotents in roadside so#lad the receant studies
have shown an exponantial decrease with distiooe the road, reaching backgralilevels
of 10100 m B]. That indicates that #re is a need for better understanding of the
environmental impact of road$he application of GIS gives new opportunitiesmodeling
the impact of roads7]. The GIS model made for the area around Belgtdd § hiisghway
represented in this papefhis modelwas created by integratinghree models: transport,
emission andlispersion model. Thealculation of emission was performed based on the data
aboutvehicle type and technology, transport density os&@fions of Belgraddli g hi ghway
and type of fuelThen, the emission results were used as inputs for dispersion [[8odéie
results of dispersion model were used in @¢abase, anfihally, the query analysis of GIS
enablel the selection ofhe mostpolluted areas, which were marked on a map and also in the
table. Theinal resultscan be usetbr taking adequate measures in the purpose of minimizing
the air pollution in those areas.

2. METHOD USED FOR DATA ANALYSIS

The inputsusedfor creatingthe emission modelvere: traffic flow on 20 sections of
BelgradeNi g hi ghway, number of vehi crhathematicay t ech
operations of COPERT IV methodology, fuel consumption and meteorological parameters
from the Republic Hydro metedomical Service.All the data about vehicles are also
presented in the project of the Institute of Faculty of Traffic and Transport Engineering,
University of Belgrade§].

In the purpose of using data about vehicleE@PERT 4 model, it was necessanattapt
the existing categorization of vehicles to the vehicle classification in COPERT IV hsodel
we have divided the vehicles passenger cars, ligahdheavy duty vehicles, buses, mopeds
and motorcyclesWe also had telassifiedthe vehiclesby typeof fuel consumptioron the
vehicles that usteaded gasoline, unleaded petrol, diesel, LPG, hybrid and. @& that,
vehicles were grouped according to engine capagie data about vehicles flow in 20
sections of thBelgradéNi g h i g h wa yrommleerekectrdnia gublicatioh published
by the public enterprise dadds of Serbia. COPERT IV modpitovided the results of fuel
consumption and total emission of pollutants.

In the purpose ofleterminng the most frequent sections the investigatedighway, the
participation of vehicles by category was expressed as a percentage and the sections of
BelgradeNi g hi ghway were ranked(abldldsed on the to

206



4™ International Symposium on Environmental and Material Flow ManagemeMFM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

Tablel. Participation of vehicles by category in total traffic flow by seciand their
ranking

Naziv deonice Kategorija vozila (u %) Rang
I Il 11 \Y
Beograd Tr a n g p| 83,10| 0,40| 10,61/ 5,89 |1
Tr ang\reldi n |83,08]/0,41|10,59|5,92 |2
Vr |iiMn Pogal|8208|044|10,98|6,50 |3
M. Po gialnel vaj 79,93| 0,50| 11,36 8,21 | 4
Um| 4 Wddanj 79,80/ 0,50| 11,37/ 8,33 | 6
Vodanji Kolari 79,23/ 0,51 11,61| 8,65 |7
Kolari i Smederevo 79,07/ 0,51|11,64| 8,78 |8
Smederevé Po g ar| 77,99/ 0,51|11,95/9,55 |5
Pogar &Wwham |77,03|0,50|12,03|10,44|12
V. Planai Markovac 76,21| 0,53 12,25| 11,01| 11
Markovaci Lapovo 76,60| 0,52 12,15| 10,73| 9

Lapovoi Bat ol i |76,42|0,53|12,25|10,80| 10

Bat oil Jagodina 75,55]0,54]12,55| 11,36| 13

Jagodind Lupr i j| 7537|053 12,20] 11,90| 14

LupriPpmaal i |75,38]0,54|12,30|11,78| 15

Paa | i Rpjate 75,40/ 0,51]12,34| 11,75| 16

Pojatsi Ragan] |7351]0,49]12,48| 13,5218

R a g aAljRudnici 73,241 0,47]112,61| 13,68| 20

Al. Rudnicii Aleksinac| 73,93| 0,49 11,87| 13,71| 19

Aleksinaci Ni g 74,97 0,45| 12,24| 12,34| 17

In Serbiathe most vehies usegasoline and dieséliel. Passenger cars andotorcycles
mostly run on gasoline, while buses, trucks and other light and heavy truck vehicles, mostly
run on diesel9]. Figurel showsthatthe highest consumption of gasoline and LPG was on
BelgradeTr angped secti on, while diesel -VPamasumpti
section.
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Figurel. Fuel consumption in 2009 (gross annual value), by sections of Belgradg
highway

The inputs for a dispersion model are the results of emissionnaatdorological
parameters. This model is based on CALINE3 model, which is used for predicting levels of
air pollution near highwayslp]. The algorithms of CALINE3 modetereusedin GIS query
analysis. Table 2 shows limitations of air pollutants in Seiia have used limitations for
24h time sampling imninhabited areagor the purpose of this study.

Table 2. Limits of air pollutants in Serbia [20]

Air pollutant | Time of sampling in | Time of sampling in
(mg/nt) uninhabited areas populated areas
24h | 1h annually| 24h | 1h | annually

CO 3 5 3 5 10 |3

NOy 0.07| 0.085] 0.05 0.085| 0.15| 0.06
PM 0.04|/ 0.03 0.05 | 0.15] 0.05
SO 0.1 [{0.15 | 0.03 0.15 | 0.35] 0.05

3. RESULTS

COPERT IV methodologwas used for calculatingmissionsof CO, NQ, PM and S@
based ortechnical characteristics of vehicle manufacturers and data about activities. Figure
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showsthat he biggest emissiofor all four investigated air pollutantsason Po g\ar ev ac
Plana sectionsothe area surrounding this sectiwasthe most polluted.
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Figure2. Emission of CO, NOx, PM and S@ 2009 (gross annual value), by sections of
BelgradeNi g hi ghway

The purpose of our investigation was to determimeerhost polluted section considering
the worst meteorological conditions, so the assumption was thairntbespeedvas equal or
higher thenl m/s, stability class, according to Pasquakset to 4, and all wind directions
were taken into consideration. hE calculationwas made considering daily sampling in
uninhabited areas, because Belgrad¢i ¢chighway does not pass through populated areas.
The results oflispersiormodel considerin€O, NQ,, PM and SQ, arerepresented in figures
3-6. They have show that the concentrations of all investigated pollutargsethe highest in
the ar ea ’ioM Pldhasgaiane v ac
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4. CONCLUSIONS

The GISbased model fodetermining the most polluted section on Belgrad®& i ¢
highway was set upThe resultsof GIS shoved that emission of motor vehiclesa$ the
influence on air quality and that it depends fael consumption, vehicle technolognd
meteorological parameter§he achievedresultshave showrthat the integrated system can
provide decisiormakersvalid emission information.

The aim of GIS model ithat the data entered into geo database can always be adjusted
and changed. The bagisiction of GIS is to present the results obtained on the basis of query
analysis. Unlike other models, GIS displaletagraphicallyon the map, marking a critical
area,and in the table marking the lines with the information concerning critical Beeause
of that ability, the application of GIS can improve the process of controlling pollutant
emissions from roaddnsport.

The research for determining theost polluted section on BelgradleNi g hi ghway h
shown t hat t he mo s t p oil V.Riana donsglaricgt theoworsti s P
meteorological conditions, where the assumptions were: the wind speed was equal or higher
of 1 m/s, wind stability claswas 4, and all wind directions (froni @ 360) were taken into
consideration. fie application of GIS models d@etermining the most polluted area caused by
pollutant emissions from &al transport is very important, becausé¢S providesresults
presentedraphically on a map, so we can react faster
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Abstract:

Abstract. With increasing awareness on environmental issues and the magnitude of costs
associated, it has become imperative for companies to integrate environmental efforts into
their business strategy. There is avgry awareness among organizations on conservation
and optimum utilization of natural resources to gain competitive advantage. Environmental
responsibility is now accepted as a norm for sustainable organizations. Corporate
environmentalism manifests eitha@s part of corporate social responsibility (CSR) or safety,
health and environment (SHE) project of an organization. Corporate environmental
responsibility (CER) can be considered as part of the broader area of CSR. The elements of
CER discussed here cée considered to be elements of CSR with an environmental focus
that recognize the interrelationships among social, economic and environmental performance.
This study seeks to increase understanding
environmentdy responsible company by exploring the range and diversity of ENGO
views.This study will help clarify the notion of corporate environmental leadership. Defining
corporate environmental responsibility is an ongoing and dynamic process. A corporation will
not easily achieve the goal of full environmental responsibility; rather, it will be continually
challenged to adapt to new knowledge, technology and stakeholder expectations.

Keywords: Corporate environmental responsibility, Regulation, Stakeholdersydanvental
management

1. INTRODUCTION

Globally, the concept of corporate social responsibility is moving from a fringe
consideration to a core business issue and a permanent part of business management. In
response, the World Business Council for Sustalen Development (WBCSD) has moved the
CSR issue from a WBCS8SDtpngj dabtetmeo andChass s
CSR: AFor any company, giving a high priori
unproductive cost or resource burden, lntreasingly, as a means of enhancing reputation
and credibility among stakeholdeds something on which success or even survival may
depend. Understanding and taking account C
enlightened selinterest for businessn t odayo6s i ntfdrdependent wor
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Corporations are beginning to respond to expectations of corporate responsibility by
asking what is good for the environment, society and business, as well as how performance
can be measured and evaluated. For somepaoi®s improving corporate environmental
performance 1is simply f#fAthe right thing to d
business advantage to increase competitiveness. These companies want to know what is
expected of them so they can incorgger@ER into their business strategies and become more
competitive[2] In the past two decades, CER has changed and continues to rapidly evolve to
keep pace with new markets in the global econ{8hySeveral forces are driving the
evolution of CER, includig consumer activism, shareholder and investor pressure, and
competitive advantage.

1.1.CONSUMER ACTIVISM

AThe environment al and human rights scand:z:
consumers and employees who prefer companies that are deingrthi g h[4] Adcdrding g . 0
to an Environics International global survey of public expectations of corporations, consumers
say the role of business is to make profits and create jobs; however, the role of business is
also to help build a better societyn the survey, 40% of respondents had thought about
punishing a specific company perceived as not being socially responsible; half the
respondents had avoided the products of a specific company or spoken out to others against
the company. Meanwhile, consumse wer e just as | i kely to fAre:
socially responsibl§s]

1.2.SHAREHOLDER AND INVESTOR PRESSURE

Increasingly, investors are calling for disclosureenf/ironmental risk, recognizing that
environmental risk often translates infmancial risk. Investors do not want financial
institutions | ending money foroexam@enwhichh mightme nt al
bringhugecleasu p cost s and r prThis caltbyinvestars and iasorergfer. o
greater disclosure otributes to increasing environmental performammoscerns within
companies.

For example, in 2005, the Carbon Disclosure Project, representicmnsortium of
institutional investors with $20 trillion in assets, requested that the FiF308ncial Times)
largest publicly traded companies disclose information on their greenpassamissiong(]

Li kewi se, in 2002, Swiss Re | nsuanaoorced,it one
would withdraw liability coverage for executives that failed to adopicies to address
climate chang¢g]

1.3 COMPETITIVE ADVANTAGE
Corporations are recognizing the potential competitive advantage to be gained by

responding to stakeholder expectations for environmental performance of the company as a
whole, orofitsprduct s i ndividually. Al ssues that man
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such as environment, di versity, human right:
they are hard to ignore, hard to manage and
managed well, t hese issues caf9Inbrespoasetothelr c e ¢

business risks of not adopting or embracing CER, many companies are exploring how they
can be more environmentally responsible. Companies realize that failingest imme and
resources in understanding stakeholder expectations and addressing their concerns upfront can
increase business risk, leading to project delays and tarnished repyteions.

In response to these driving forces, a number of criteria haveds@toped to define
CER, most notably by the socially responsible investing community. While the details of
these criteria are generally proprietary, they find expression through public financial indexes
such as the Dow Jones Sustainability Group Indextlamdantzi Social Index. Many of these
criteria have been developed with the involvement of-gmvernmental organizations
( NGOs) , but to the authorsdé knowledge none
perspective. Part of the work in this study wasekplore how ENGO community defines
CER and to identify key criteria for its evaluation. Increasingly, corporations are responding
to multiple environmental performance demands and expectations from their stakeholders.
Expectations from ENGOs can sometgndiffer, depending on which environmental
organization is consulted and which practice, policy, environmental license or business
agreement is under scrutiny. This can be frustrating to corporations and to government
agencies seeking to address public eztgtions on corporate environmental performance.
Likewise, ENGOs are frustrated as they seek to encourage and promote CER with inadequate
capacity and resources e.g., staff and finances.

The rapidly evolving global dialogue on CER is engaging a new camntynaf players
interested in sustainability e.g., pension fund managers and financial analysts and creating
opportunities for some traditional players, including NGOs of all types, to become involved.
Internationally there are numerous examples of coabtwith mandates specifically focused
on corporate responsibility, such as The Coalition for Environmentally Responsible
Economies (CERESJ),1] Accountability[12] and CSR EuropEL.3] To move aspects of CER
forward, businesses and NGOs are partneringnnmaber of ways including joint marketing
projects, joint lobbying efforts and the exchange of id&4k.

Relative to other countries, there has not been much dialogue in Canada within the ENGO
community on CER, and much less on CSR. In contrast, a caumsat ENGOs in Australia
has articulated a common understanding of CER and explored ways of working cooperatively
it o achieve better environment al out comes
environment a[l5)There id atso arparoeptidimatd&uropean ENGOs are further
ahead than ENGOs in Canada on organizing to collectively push corporations to perform
better on environmental issues. Canada does have organizations focusing on corporate social
responsibility, including Canadian Business Social Responsibility (CBSR)6], but these
organizations are not ENGOs. Defining corporate environmental responsibility is an ongoing
and dynamic process. A corporation will not easily achieve the goal of full environmental
responsibility; rather, wvill be continually challenged to adapt to new knowledge, technology
and stakeholder expectations. As a result, the criteria presented in this study will likely evolve
over time.
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2. COMPONENTS OF CER

Corporate environmental responsibility takes many form dependi ng upon
priorities and perceived needs, which are influenced by numerous factors such as company
size, products and operations. To effectively explore ENGO expectations of CER
performance, several components were identified. The coemp®, though loosely based on
the work of an ENGO consortium in Australiaxploring environmental sustainability, were
identified during the interview process and further explored and refined at the national ENGO
workshop. Although CER has been segmeémiéo particular components in this report, it is a
holistic concept, and there is a considerable amount of overlap among the components. For
example, continuous improvement is implicit throughout all components, but it is also a
specific planned procedesr reviewing and improving the quality of products and services.
Similarly, transparency is an important part of stakeholder engagement and reporting, as well
as a component in its own righAt a minimum, it is expected that an environmentally
responsild company will demonstrate some level of action in each of these components.

2.1. ENVIRONMENTALCOMMITMENT AND AWARENESS

To demonstrate genuine environmental commitment companies must walk the talk; that
is, build sustainability into their visions, amal goals, targets and plans, and have structures
and processes to incorporate environmental considerations into all levels of business and
decision making. Integrated environmental commitment means that all actions, large or small,
are evaluated for theienvironmental impact. Applying a whe$g/stems approach with
credible, sciencbased and ecologically sound criteria should be part of an evaluation
mechanism. Corporations must embrace the triple bottom line, which means giving equal
consideration to erronmental, economic and social goals and commitments, and allocating
sufficient resources to research that supports these commitments. must developeariong
vision of sustainability and understand its societal role in contributing to sustainability.
Corporations must show a willingness to examine and challenge current unsustainable
practices. The company should openly acknowledge and fully disclose the past and present
environmental impacts of the company. This may involve repaying ecological debt to
communities for past environmental damages. Local communities and stakeholders must be
proactively engaged in dialogue about company operations, plans, and research and
development agendas. Companies can promote environmental values through repeated
educatimal programs and employee reward systems that empower staff to be creative and
innovative on environmental initiatives. The staff of a company that takes a leadership role in
environmental responsibility would understand environmental issues pertinbatitmtistry,
be aware of regulatory requirements and company performance in these areas, and be able to
disseminate best practices, internally and externally, to other companies and industries. There
are many examples of exceptional leadership in corperaieonmental responsibility. A few
ENGO representatives cited examples including the visionary efforts of Interface Inc. CEO
Ray Anderson or the strong environmental commitment exemplified by Mountain Equipment
Coop and IKEA. Although there is no settpaa company can take to become
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environmentally responsible, ENGOs have a clear idea (and a long list) of the positive actions
that companies can take to demonstrate environmental awareness and genuine commitment.

2.2 STAKEHOLDER ENGASEMENT

There was gesral consensus among ENGO representatives that the current models of
stakeholder engagement are inadequate. ENGOs expressed feelings of disempowerment as a
result of lack of resources and capacity, and a sense of frustration with the unequal degree of
influence that they hold relative to other stakeholders (e.g., shareholders, government) in the
predominant approaches to stakeholder engagement. This utasesk (e.g., economic,
social, environmental) inequality, which occurs even with those companiessesyp triple
bottom line and sustainability objectives, underpins a commonly held view that many models
of engagement are predominantly driven by pi
rather than the establishment of effective relationships.

For a company to be truly committed to stakeholder engagement, it must be willing to
include input from stakeholders at all levélglobal, regional and local in such a manner
that is thorough and thougptovoking, and whereby each voice is heard amtsiclered in
the decision making process.

Similar to the <challenge of defining nAste
engagement posed a significant challenge as ENGO representatives possessed a wide variety
of experiences of stakeholder engagemeath positive and negative, that differed in nature
(project vs. issuspecific), intent (consultation vs. engagement) and motivation (e.g.,
voluntary vs. government requirement). Perspectives varied from the need to be able to
effectively engage in a galatory decisiormaking process to the possession of the authority
to ivetodo a proposed project or activity.

However, there was a strong consensus that in either scenario access to information,
analysis and resources to allow for effective understandintipe project or activity was
essenti al. A shift from contemporary M@Aconsu
effective and empowered participationo incl
dialogue, rather than sheadrm, project/bjectiverelated dialogues.

AFunding and resources to allow affected parties to expand their knowledge to make informed
decisions. This could come from a thpdrty funding source e.g., it could come from
government, which would tax corporations ancateehis fund, somewhat like Superfund in
the US.

ATwo temporally distinct stages of engagement and/or dialogue shoulddexiste that
addresses whether the project is appropriate and one that discusses how a project should
proceed.

ARegulation shouldidtate the timing and extent of stakeholder engagement discussions.

Ail nformedod consent requires access to adequ
and how much, information is necessary) and access to independent third party review, and
scientific and/or technical advice or expertise.
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ATransparent documentation of stakeholder concerns must exist to a) create a record and
b)ensure that monitoring programs can be implemented (and reported) on these specific
topics or issues.

Transparent and farmed community and stakeholder involvement in research and
development should be supported.

2.3 MEASUREMENT, AUDTING AND REPORTING

The three main pillars of quantitative and qualitative environmental performance analysis
are measuring, auditing andpmeting, which together provide corporations and stakeholders
with the information required to accurately analyze current performance and to identify future
actions. The Canadian environmental community generally recognizes and understands the
value of meaurement, reporting and auditing and believes there are shortcomings to current
corporate practices. There is interest i n a
how measurement, auditing and reporting processes are undertaken and how the eesults ar
used to compare performance within and across sectors and to provide information outside of
the corporation. Some ENGO representatives would like to participate in steps to fully
integrate environmental indicators in current CSR reporting and auditingsunes.
Ultimately, ENGOs are pushing for improved environmental reporting practices combined
with actual environmental performance improvements.

2.3.1 Measurement

Many ENGO representatives insisted that credible, scibased principles of
measuremenfsuch as the system conditions promoted by The Natural Step) be adopted by
the business community. Holistic measurement tools (in the style of ecological faegprtht
materials intensity indices) are required to fully account for all environmental isnfpam a
companyos daily operations and to facilitat
should gather measurable results i.e., actual outputs and impacts to the environment, rather
than estimations, for the purposes of tracking, evaluating eswthihg from its efforts. In
areas of high industrial or urban activity, it is important for companies to coordinate and
cooperate their reporting to reflect the cumulative impacts of all the companies operating in a
given geographic area e.g., withinthe undary of a town or within
commonly accepted and mandated set of indicators, developed through -atakekiolder
process, is needed to measure corporate performance on environmental, social and financial
terms. The Global Rmrting Initiative (GRI) is one such program supported by ENGOs as a
framework to examine when selecting indicaf{drg], although it was noted that the GRI does
not provide enough sectspecific content to provide a complete picture of corporate
performare[18]There is a great deal of interest from the ENGO community in the
development of a carbonintensity reporting infle, with a total cost accounting scheme
that would be incorporated as a disincentive for greater carbon intensity. This includes the
implementation of carbon budgets on a per project and per company basis.
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2.3.2 Reporting

Reporting is an important means of communicating information about corporate
environmental performance. ENGOs asserted that useful reports use meaningful metrics;
report actual, measurableesults and impacts on core environmental issues (rather than
reporting on process); track and report trends over time; and report mistakes as well as
successes. There was broad criticism among ENGO representatives of the cacterd pf
producing onefipromoti onal brochuredo style al
the positive environmental stories that the company wishes to communicate widely. ENGOs
expect that corporate environmental reporting practices will resgonthe needs of
stakeholders in a timely manner. Internal and external audiences were identified as having
differing informational needs. For instance, reports designed for internal audiences i.e.,
employees, boards should tie directly into internal feekbloops and continuous
improvement cycles with the goal of improving performance.

These internal reports should also include a response mechanism to promote internal
corporate dialogue and communication among all levels in the company. External geportin
must be posted publicly and include full disclosure of environmental performance in a timely
manner. Some ENGOs representatives suggested that environmental reporting be undertaken
on fiscal reporting timelines e.g., quarterly reporting. ENGOs encouw@gganies to seek
best practices and key examples to improve their corporate reporting. In Canada, Stratos has
published a detailed review of corporate sustainability repof2dly.

2.3.3 Auditing

In general, ENGOs are supportive of a rigorous auditimg) \erification process that
feeds into corporate and public awareness and understanding of environmental performance.
To ensure measurement and reporting credibility and promote greater transparency, ENGOs
strongly emphasized the importance of having ¢beporate auditing process verified by
independent third parties. While internal auditing is encouraged to promote organizational
learning and accountability, and particularly to feed into the continuous improvement cycle,
external audits are required. Tdhiparty auditors must be accredited under a recognized
program and have relevant experience to be proficient within the sector in which they are
performing audit$21] Credible auditors must operate independently from the organizations
they are auditingAn independent auditing agency for environmental compliance is needed,
whereby external audits of corporate measurement and reporting could be funded from a
regul ated percent of a companyds sales reven
involvedin the auditing process, whether as auditors themselves, or as advisers to the auditing
process, to increase their confidence in the process.

3. TRANSPARENCY

Transparency is essential in the decisimaking process and in stakeholder interactions.
Trans@arency is necessary to help build capacity among stakeholders to allow informed

220



4™ International Symposium on Environmental and Material Flow ManagemeMFM14
31 Octobe i 2" Novembe 2014 Bord s | Serkia

participation in decisioimaking processes. For instance, a company should provide interested
stakeholders with information on how environmental, economic and social impdatsaes
are incorporated into decisions. As well, companies must give feedback on how stakeholder
input is incorporated into decisions.

Companies must be willing to share ramfidential information, including raw data, in
an easily accessible mannerp transparent through the full, accurate and timely disclosure
of information about its operations. Some ENGOs stated that definitions of confidentiality
and full disclosure need further exploration to better understand the expectations of
corporations, governments and ENGOs. Companies are also encouraged to openly
acknowledge and fully disclose the past and present

environmental impacts of the company and take full accountability for past actions.
Companies that transparently share and acknowledgehtery, combined with sincere and
direct communication of their CER values, commitments and conduct, will undoubtedly
increase ENGO confidence in their performance. ENGOs suggested that a progressive
company could demonstrate leadership in CER and ntsrétment to transparency by taking
a lead role in setting up a public registry to facilitate the

open sharing of information. While progressive companies are expected to take a lead role
in information disclosure, the regulation of monitoring and inforamatlisclosure may be
required.

ENGOs also agreed that the environmental community must demonstrate and practice
transparency, including the disclosure of data, funding sources, etc.

4. COMMITMENT TO CON TINUOUS IMPROVEMENT

Continuous improvement (Cl) is planned process for reviewing and improving the
quality of products and services. Commitments are made to constantly improve environmental
performance in a companybés processes, oper
by a company that strigeto continuously improve, tracks its improvement and demonstrates
how it has improved performance and reduced its environmental impact. ENGOs identified
several important recommendations for companies with respect to continuous improvement,
including:

A Address all components of CER through a framework of commitment to continuous
improvement Support any continuous improvement program and corporate performance
claims with verifiable measurement of real results;

A Adopt a management ments dneé formadize pthre ocantnoust o
improvement commitment;

at

A Institutionalize a continuous i mprovement

A Seek stakeholder input to the continuous
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These core recommendations encapsulate the fiertata of continuous improvement
that would have to be present for a corporation to be considered a CER leader. They are
discussed further below

For example, components of CER, such as transparency or reporting, should be addressed
within a framework of coimitment to continuous improvement, whereby companies set
targets and goals for continuous improvement and report on their progress. Improvements
must be reported based on performance targets and results measured qualitatively (and
quantitatively wherevepossible) on specific practical measures e.g., dematerialization or
reducing emissions. The company must complaese results against a baseline, the starting
point for any improvements, and set targets for continuous improvement against this baseline.
ENGOs generally supported the use of a management system approach to institutionalize
continuous improvement, yet stressed that it is the actual improvements in environmental
performance that occur on a continuous basis, not the mere existence of a managemen
system, that demonstrate CER. Continuous improvements can be monitored through formal
management systems, such as the ISO 14001 environmental management system (EMS)
standard, which requires companies to make a commitment to continuous improvement in a
corporate environmental policy. ISO 14001 and other EMS standards include environmental
performance auditing and the implementation of feedback mechanisms to identify
opportunities for improving performance and tracking of progress. A continuous
improvemente t hi c shoul d be i ngrained i n a compa
organizational change. Commitment should be driven from the top of an organization through
senior management and even at the Board of Directors level. With executive commitment to
corntinuous improvement in place, companies are encouraged to appoint leaders at all levels
that can champion continuous improvement and facilitate the integration of improvement
strategies throughout the organization. In addition, resources must be dethicatiedating
and training employees. Company employees are an invaluable asset in the continuous
improvement process, and companies are encouraged to harness this energy and enthusiasm in
driving continuous improvement across the company. Employees rsadiealnvolved in the
feedback loop of the continuous improvement cycle. CER requires companies to move
beyond a limited focus on maximizing shareholder value to a broader focus on maximizing
total i.e., stakeholder valy22] For this to occur, routinelyexternalized implications of
business decisiomsmust be factored in when identifying areas for continuous improvement.
ENGOs expect corporations to actively seek stakeholder input to identify and help to
internalize environmental impacts associated wittporate practice, and tocorporate these
into programs driving continuous environmental improvement.

The continuous improvement process should also address stakeholder concerns and
priorities. These would be integrated through formal mechanisms, asichn external
stakeholder committee, to facilitate discussion around CER performance within the context of
continuous improvement.

Continuous improvement can also be advanced by seeking external guidance and
feedback, including those of ENGOs, on CERiatives. Continuous improvement requires
consideration of the broad scope of sustainability issues so companies are encouraged to
develop and improve contact with sustainability experts. These experts bring a broader
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perspective from outside the organiaatand can help guide the company on its continuous
improvement journey.

5. OPPORTUNITIES AND CHALLENGES FOR CER BY COMPANY TYPE

Most ENGOs agree that there is no fundamental difference in expectations of
environmental performance or leadership amongpamies of varying ownership structures
and size, as the need for corporate environmental responsibility does not change. What does
change are the opportunities and challenges presented both for the company in adopting and
advancing CER, and for the ENGOnemunity in engaging companies in CER (see Table 1).
For the purposes of this study, opportunities and challenges for advancing CER have been
loosely grouped based on company ownership structure e.g., publicly traded, privately held,
and size i.e., larganedium and small corporations. However, depending on the context,
opportunities and challenges can cut across these boundaries e.g., publicly traded companies
can have visionaries and privately held companies can be managed bylnvefi{ short
sightedexecutives. Table 1 lists the specific barriers and opportunities for CER identified by
ENGOs, based on corporate profiles. ENGOs thinking about their role in advancing CER, will
consider the opportunities and challenges associated with engaging congiansgsus
types. In doing this, ENGOs can identify strategies to leverage the opportunities and reduce
challenges.

223



4" International Symposium on Environmental and Material Flow ManageinemMrM14

318 Octobe i 2" Novembe 2014 Bord s | Sarkia

Table 1. Opportunities and Challenges for CER Based on Company Structure and Size

Company Engagement of Companies in CER
Type
Publicly Opportunities for CER
traded * Market pressure can be applied more effectively as shareholder accountability is
stronger i e, greater potential exposure 1o the business value case, when and where
one exists
* Direct impact on company policy by increasingly informed and concemed
sharcholders on CER-related issues e g, addressing CER issues through
shareholder meetings.
» Greater intensity of scrutiny brought about by accountability to shareholders.
Challenges for CER
« Often less flexibility to be ambitious and demonstrate leadership in CER because of
conservative interpretations of the notion of fiduciary duty
Privately held Opportunities for CER
* Visionary and dynamic leadershipe g, kaders with environmental values potentially
have less bariers to making change as they only have to get the owners on board
« Flexibility of private companies e g less responsible to shareholders
* Autonomy to do things differently allows private companies to move forward more
nimbly.
Challenges for CER
* Stakeholders have difficulty influencing values of leadership i.¢ , CER laggards.
* Less public disclosure and accountability
* Fewer avenues for external awdience to affect change
Customerowned | Opportunities for CER
* Members with an emotional attachment to the company care more about its actions.
* More responsive to member requests, different kind of bottom line
Challenges for CER
* Level of environmental responsibility dependent on the values of its members
Crown Opportunities for CER
corporations * Higher public accountability ¢ g more avenues from which to hold them
accountable
« Structure does not bind crown corporations 1 holding shareholder profit and retum
on investment above environmental performance ¢ g more opportunity to implement
a true triple-bottom-line business plan.
Challenges for CER
* Transparency i.¢, can be difficult to obtain information from crown corporations.
* Visionaries can be limited by bureaucracy and government in power.
Size
Large Opportunities for CER
corporations * More resources 1o dedicate to sustainability initiatives
« Have the capacity to make dramatic changes
« Grreater concem for their corporate reputation e g, larger companies often more in public spotlight
* Wider geographic influence with global operations — opportunity to apply high
environmental standards globally.
Challenges for CER
« Higher visibility means more pressure from multiple stakeholderse g , potentially
conflicting demands
+ Complexity and large size of organizations
Medium and Opportunities for CER
small « Can be more responsive to local needs and accountable to the community they
corporations operate in
(<500 « Increased opportunity for faster change
employees * Less complex structure for implementation of process.
and <$50Min | Challenges for CER
annual * Lack specialist staffand resources
revenues) « Can be less concemed with company reputation.
* [Less exposure 10 public scrutiny

M. e oan - .

(Source:Statistics Canada.
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6. CONCLUSION

An envionmentally responsible company is one that has two epiphanies: 1) the dominant
social institution epiphany where it realizes that corporations have become more powerful
than nations, and therefore it has a responsibility to society; 2) the environmeipitelngp
where it realizes that its purpose is sustainability. As an engine of society, an environmentally
responsible company aligns its business with ecological principles. Its business is to help
society achieve sustainability

This study explores enviromental norgovernmental organization (ENGO) perspectives
on Corporate Environmental Responsibility (CER) as well as ENGO expectations of
companies striving to improve their environmental performance. Issues considered range from
high-level concepts e.g.patinuous improvement to operational practices e.g., reporting.

There are various factors to CER, but an ambiguity prevails through the whole process of
corporate environmentalism and beyond compliance actions. This paper puts forward a
conceptual idea ghécting that if the external factors continuously pressurize the corporations,
managers internalize the externalities of CER, and then a synergistic effect between the two
kinds of factors will lead the organizations to CER. This initiation entails tangihd
intangible benefits for the organization. The accrued benefits in turn motivate managers to
accept and implement principles of CER. External factors of CER and their effect on
organizations have been well established. Disclosure reports enhangeareang and
accountability in corporations, create public awareness and hence exert heavier pressures on
laggard enterprises or offer more incentives for the good performers. In a study, Minz (1995)
showed that the US Envi r octiveness inziforcéhrert vagedt i o n
considerably depending on presidential regimes and larger political processes. Clark (2005)
states that corporations are not only influenced by regulations but other stakeholders as
investors, surrounding residents, indudtassociations, and employees instigate for proactive
environmental measures. Wu (2009) empirically found that competitive pressure to produce
differentiated products, reduce costs, attract and retain quality employees, and create product
and process innations is a significant factor deterring environmental violations and a likely
factor contributing to environmental oveompliance. There is strong and consistent evidence
that the environmental values and beliefs of upper management

af fect a chofcex ofi comptiapcé devel. Firms that behave strategically in
environmental management are more likely to be over complying with an environmental
standard (Wu, 2009).

This paper describes the major antecedents to CER, which are crucial in understanding th
motivation behind environmental violations and ewempliance. These antecedents are
central to the design of environmental policies (Wu, 2009). Government policies can facilitate
organizations through tax reduction and enable them to adopt CER ssatdghagers can
also focus on the barriers and means to overcome those in order to follow proactive
environmentalism. This framework helps managers to take notice of cognitive barriers of
CER and overcome those to gain the benefits of CER. Usually seoe@ER, remain veiled
under the cognitive and institutional barriers. Systemic and-texmg perspective will aid
managers in overcoming barriers to CER. Only firms with sufficient financial resources and
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management capabilities can pursue a proactiveeammental strategy. They also suggest
that corporate environment al performance i s
in the context of firmsd resource constrain
relevant in developing countryootext, where organizations vouch for financial profits. In
developing countries, the concept of environmental responsibility is slowly gaining
acceptance and stakeholders are becoming aware of their environmental rights. Thus, the
system is evolving fronino environment al concerno to cha
environmental policies and disclosure reports with more transparency and accountability.
CER is still in transition, progressing slowly toward proactive environmentalism and
sustainability. This paper conceptually describes the uibgnamic relationship between

various factors, barriers and benefits in implementation of CER. This needs to be further
tested and established for better understanding of motivations and hindrance in CER and its
various implications.
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Abstract: Waste tyres pyrolysis is process of thermal decomposition that accures in the plant
reactor under non oxidative conditions. As feedstock for pyrolysis reactor tyres can be used
whole or shredded. Products of waste tyres pyrolysis process are:spy/alypyrolysis gas,

char and metal wires. Waste tyres pyrolysis is a special form of energetic waste utilization,
because it's outputs are mainly used as engeggrating products. All pyrolysis products are
valuable secondary raw materials. Pyrolysitsand gas are used for plant reactor heating,
metal wires are used for steel production and char is widely used for tyres manufacturing,
pigments etc. Tyres pyrolysis process does not generate waste. Air emissions occur from
burning pyrolysis oil and ap for plant reactor hetaing. Waste tyres pyrolysis process satisfy
most of the ecological and economical criteria.

Keywords: pyrolysis, tyres, waste.

1. INTRODUCTION

Waste tyre is any tyre that has been removed from its original use and includdsotyre
motorized transportation (passenger cars, bus, plain etc.). Waste tyres are categorized as
special wastes because consist polymer that are not biodegradable. That why pyrolysis of
waste tyres and utilization of its outputs has important ecologicel economical
significance Waste tyres management in Bosnia and Herzegovina gdenetopedTyres are
illegally dumped or stockpiled.

Waste tyres management in EU countries according to the ETRMA in 2010 [1]:

1 Export to south end east European coestri  10%

1 Retreading 8%
1 Material recycling 40%

1 Energy recovery 38%
1 Landfills 4%

There is no reliable data on the quantities of waste tyres in Bosnia and Herzegovina.
Estimations are that annual generation of this waste is around 20 000 tonnes. One of the
methods used for waste tyres management is process a§gr Several tyres pyrolysis
plants in Bosnia and Herzegovina are in the construction phase or test phase. One of those
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plants is "TSFEUROGUMA" in Sarajevo. In this paper are described parameters of this
plant.

2. COMPOSITION AND PARAMET ERS OFTYRES

A conventional tyre is product with a complex structure and composition and contains
mixtures of rubber, steel wire, textile fibres and other mineral mateRattial tyres havéhe
widest applicatior(figure 1.) Radial tyres differ from traditional diagal biasplay tyres in
their construction. The plies of reinforcing tyre cord extend from bead to bead at a 90 degree
angle to the centreline of the tyre. Directly on top of the radial plies and under the tread is a
full length belt made up of several ¢di of cord or steel. They minimize tread wear and
improve flexibility of the sidewall for better handling. Basic characteristic of tyres used on
trucks and busses is higher ratio of natural rubber while passenger car tyres contain higher
ratio of synthetistyrenebutadiene rubber (table 1) [2].

d)

Figure 1. Basistructural parts of radial tyre: g)re cord, b) belt, c) tread, d) cross section

Table 1. Average composition of tyres for passenger cars and trucks

Component Passenger car Trucks anl busses
Natural rubber 21 31
Synthetic rubber 24 14
Char, SiQ 28 21
Steel wire 12 24
Textile 4 1
Other 11 9

Chemical composition of tyre differs from one manufacturer to other. Mixtures of
components Qi in tyre are business secret of everynufacturer. Passenger car tyres and
trucks tyres differ by chemical composition because of different loads applied and scope of
application. That is why it is not possible to give accurate chemical composition of tyres. In
table 2 materials present in pasger car tyre are shown. Table 3 shows average chemical
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composition of materials built in tyre and table 4 shows average number of tyres and tyre
mass for some vehicles [2,4,5].

Table 2. Average materials presenpassenger car tyre

Ingredient Content(%)
Carbon polymers (natural or synthetic rubber) 47
Carbon black 21,5
Steel 16,5
Textile 5,5
Zincoxide 1,0
Sulphur 1,0
Other 7,5

Table 3. Average chemical composition of materials built in passenger car tyre

Ingredient Content
Carbon ca. 70 mas$%o
Iron 16 mass %
Hydrogen 7 mass %
Oxygen 4 mass %
Zinc oxide 1 mass %
Sulphur 1 mass %
Nitrogen 0,5 mass %
Salts 0,3 mass %
Halogens 0,1 mass %
Copper compounds 200 mg/kg
Cadmium 10 mg/kg
Chrome 90 mg/kg
Nickel 80 mg/kg
Lead 50 mg/kg

Table4. Average number of tyres and mass per tyre for some vehicles

Type of motor vehicles Medium weight (kg) Average number of tyres
Motorcycle 2 2

Passenger car 6,5 4

Van 9 4

Omnibus 32 53

Trucks and tanks 38 5,6

Single-axle trailer 12 2

Multi-axis tailer 35 4,5

Tractors 30 45
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3. MAIN PRINCIPLES A ND PRODUCT CHARACTERISTICS OF WASTE TYRE
PYROLYSIS AT "TSP -EUROGUMA" PLANT

3.1 BASIC PROCESS HARCIPLE AND PRODUCTS

Pyrolysis (py#fire, lyein - decomposition) or gasification is thermal degradatidn o
organic compounds under non oxidative conditions which leads to cleavage of
macromolecules and pure forms of carbon are obtained. Organic components, when heated
become unstable and decompose into simple products. Heating of organic compounds up to
55@C Aesult in slow pyrolysis, while at temp
occurs. During pyrolysis in temperature range from-3080 AC organi c comp
converted to & and Go aliphatic (long molecule chains with 228 atoms of carbonyyith
further increse in temperature, @nd G are converted into olefins which are at higher
concentrations and temperatures converted into aromatics.

Basic chemical reactions during process of organic compounds pyrolysis are:

C+CO,Y 2CO
C+tH,O Y CHOH+H
C+2H, Y CsH

Pyrolysis process at "TSBUROGUMA" is classified as slow pyrolysis, up to maximum
temperatures of 450 AC. Fi g uBUROGUMA" pyolysiss ma i n
plant and figure 3 shows technological scheme of pyrolysis process inahafg!

water filter for flue
gas purification

} gas drain pipe
heavy oil reservoir .
condensing tower

oil reserovirs

oil and gas burners ;
& condensation

vessel

water cooler for
liquid-gas phase gas reservoir
separation

Figure 2. Main components of "TSRJROGUMA" pyrolysis plant
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shredded tyres and
rubber granulate

vapour condensate in
reactor for pyrolysis gas pyrolysis
pyrolysis + gas
pyrolysis oil
energetic
pure carbon, o Trme
ashes. metal liquid utilization, fuel
- hydrocarbons additive, boiler
remains

fuel

Figure 3. Technological scheme of pyrolysis process in “EBROGUMA" plant

Pyrolysis reactor (V= 8 is heated by burning process productsyrolysis oil and
gasproducts. Prducts of waste tyres pyrolysis process anerage mass fractiomse shown
in table 5 [7].

Table 5. Products and average mass fractions of waste tyres pyrolysis process

Products of pyrolysis process Mass %
Char 38

Qil 30

Gas 15 (ca. 40% Ch
Metal wire 17

Waste tyres pyrolysis process in "FTERROGUMA" plant lasts 142 hours. After
reactor is cooled char and metal chord are removed from reactor and then reactor is feed with
shredded tyres. Waste tyres pyrolysis cycle (heating, discharging andgjeddsts
approximately 24 hours. According to this parameters and reactor volume Vannual
capacity of the plant "TSEUROGUMA" is ca. 2 000 tonnes.

3.2 BASIC CHARACTERSTICS OF WASTE TYRELYROLYSIS PRODUCTS
Basic characteristics and area of aggilon of waste tyres pyrolysis products are shown

in table 6,7, and 8. Pyrolysis oil is similar to diesel oil while pyrolysis gas is similar to natural
gas.
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Table 6. Basic characteristics pirolysischar [7]

Parameter | Unit Value
Basic characteristi

Density kg/m® 346430
Lower calorific value kJ/kg 29 00634 100
Moisture % 0,6
Sulphur % 1,81-2,31
Ash % <12
pH value of water extract - 10,25
Loss at 105AC % 0,44
Volume of benzene sorption cnrlg 0,16
Specific outer surface me/g 85,1
Specificadsorption of outer surface me/g 51,77
Desiccant activity of methylene blue mg/lg 55,7

Appearance

Parts, size 20 mm. brittle ends, color black with shades

grey, porous structure

Application area:

- filters manufacture (active carbon),

- shoe indusy,

- pigment colours manufacture,

- manufactureof toner cartridges for printers and copy machjnes

- solid fuel (briquettes),
- sorbents

Table 7. Basic characteristics of pyrolysis[@il

Value
Parameter Unit . Synthetic dieddfuel from
Diesel fuel (100%) tyres, (100%)

Basic characteristics
Density kg/n’ 830 825
Lower calorific value kJ/kg 42 500 44 800
Specific fuel kg/kwWh 0,24 0,227
consumption
Evaporation process:
- start of evaporation AcC - 30-70
- end of evaporation 200-250
Kinetic viscosity oSt ) 6,97

20
Solubility in water % - 20

Application area
- addition to diesel fuel,

- oil for boilers, crude oil replacement,
- possible further processing for obtaining new oil products

Appearance

- dark oily liquid with characteristic oddor,

- black colour with shade of brown
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In waste tyres pyrolysis plant "TSEUROGUMA" at reactor discharge, in condensation
pot, heavy pyrolysis oil is separated. This oil has characteristics similar to crude oil (table 8).
By further processing of thigil, naphthalene can be obtained up to 25 %

Table 8. Composition and characteristics of hardly volatile components [8]

Components Unit Value
Benzene, toulol, xylene aromatics mas. % 5
Naphthalene and methy mas. % 20-30
naphthalene

Gaseous chromage mas. % 70
Extraction residue mas. % 6-10
Density kg/m® 1.0007 2.000
Ashe mas. % 10
Organic chlorine mg/kg 5
Inorganic chlorine mg/| 1.0007 2.000

After volatile components pass through water cooler, volatile pyrolysis oil is being
separated frm pyrolysis gas. Main component of easily volatile fractions of pyrolysis oil is
benzene (between &D%). Pyrolysis oil is used as fuel while pyrolysis gas is used to
improve octane number of fuel. Main characteristics of pyrolysis gas from waste tyres
pyrolysis process which is used for reactor heating is shown in table 9 [5]. Pyrolysis gas
consists of methane, ethane, propane and has a quality of natural gas.

Table 9. composition and characteristics of pyrolysis gas [7]

Parameter | Unit | Value

Basic chareteristics

Density kg/m?® 0,8

Lower calorific value kJ/kg 8.250

Gas components content

N> 327 40

H, 181 25

CO 157 18

CO, % 107 18

CH, 4-7

C,i Cy4 2,571 5,0

Moisture 20

Application area:

- about 50% of total gas quantity is used faater heating. The rest of gas is realised to the atmosphere
(burned in a flare or send through actice carbon filter) or stored.

Appearance:

-odourl ess gas with mild white colour, with sm

Chemical compsition of waste tyres pyrolysis process is shown in table 10.

Table 10. Chemical composition of waste tyres pyrolysis process [4]
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Parameter Unit Char Pyrolysis oil Pyrolysis gas
Carbon 91,5 86,6 85,76
Hydrogen 2,0 10,3 14,24
Nitrogen 0,4 0,6 in traces
Oxygen % 0,2 0,8 in traces
Sulphur 2,1 1,2 in traces
Clorine 0,11 - -
Chlorides - - 0,3
HF mg/nt - - < 0,06
SO, - - <1,35
Moisture % 24 0,6 20

4. WASTE PRODUCTION AND AIR EMISSIONS FROM WASTE TYRES
PYROLYSIS PROCESS

Waste is notproduced during process of waste tyres pyrolysis. Smaller quantites of
municipal waste are generated during preparation of tyres this treatment (storage, shredding
and reactor feeding).

Air emissions occur in combustion process of pyrolysis oil, for oeatieating.
Purification of combustion gases in "TEHUROGUMA" plant takes place in water filter.
Emissions from pyrolysis gas and diesel fuel combustion are shown in table 11 [8].

Table 11. Emissions from pyrolysis gas and diesel fuel combustion

Unit Value
Paramedr i ic di
Diesel fuel, 100% %'r”otgeg‘;gs'isle(')gj/eo'

CO, 0,2949 0,2960
H,O 0,0960 0,0980
N, kg/kwWh 1.1140 1,1100
O, 0,0564 0,0600
Char g/kWh 0,4110 0,3060
CcO g/kWh 0,1900 0,1500

5. CONCLUSION

One of the available symns for waste tyres utilisation in environméiytdriendly wayis
pyrolysis Products of waste tyres pyrolysis are secondary raw materials as well as energy
generating products. Generation of waste and air emissions to the atmosphere are minimal.
Suitablelocations for installation waste tyres pyrolysis plants in Bosnia and Herzegovina are
recycling yards at regional sanitary landfills and tyres retreading facilities with higher
capacity. According to waste tyres production in Bisnia and Herzegovina wexpact
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installation up to 10 waste tyres pyrolysis plants with reactor volume8af'5 Pyrolysis oil

and gas can be used directly for reactor heating and energy generation at plant location. Metal
cord and solid carbon (graphite) have a secure markets, recycling of waste tyres in
Bosnia and Herzegovina in waste tyres pyrolysis plants meet all economic and ecological
criteria.
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ECOLOGICAL ADVANTAGE S OF USING TECHNOGENIC WASTE
MATERIALS IN CEMENT [INDUSTRY

|l han Bugatl il ,Nadiima | Bz dg@at Simigj i |
University of £nica; Faculty of Metallurgy and Materials, Bosnia and Herzegovina

Abstract: The paper problematizes the use of technogenic waaterials(secondary raw

materials), primarily fly ashin cement industryin this paper, primarilyeconomicbenefits

(reduction of heat and electricity, reducing the amount of exploited natural raw materials) and
environmental benefits (reduced emissions, reducing the amount of disposed waste) as well as
European trends of use of fly ash in the cement induseisted.As confirmation of the
possibility of wusing fl yilais"h ifr otmthe heemardt pi
paper are alsanentioned the results of physichemical characteristics of cement with 50%

ash.

Keywords cementfly ash sustainable delopmentsecondary raw materials
1.INTRODUCTION

In Bosnia and Herzegovina there are currently two cement factories: in Kakanj and
Lukavac. The annual cement productiontbése two plants is about 1 000 000 tonnes, which
covers about 60% of the tomment consumption in Bosnia and Herzegovina.

The abovementioned fact that it is produced only 60% of the total cement consumption in
Bosnia and Herzegovina, says enough that the discussion of the cement industry development
makes sense. When the deysient of the cement industry is mentioned it is clear that
implies the sustainable development which include: the largest possible reduction in the
exploitation of natural raw materials (limestone, marl, clay, quartz, sand, etc.), as well as
minimal emissdns to the atmosphere with the best possible financial effect.

2.RAW MATERIALS IN THE CEMENT INDUSTRY

One of the possible solutions for mentioned problems is the use of secondary raw
materials in the cement industriRaw materials that are currently abable or will be
available soon, and thaly its physical and chemical characteristics fulfile requirements
are:

1. fly ash (electrofilter ash) from thermal power plants

2. granulated slag and
3. silica fume from ferrosilicon production.
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From the above seadary materials currently in Bosnia and Herzegovina as a cement
additive is used only bproduct of thermal power plants (electrofilter ash), but lately more
and more interesting it becomes graredaslag due to the initiation of thentegrated
producton in the Ironworks in Zenica.

The European trend is that the participation of clinker in cement from year to year
decreases and increases the content of the abem@oned econdary raw materials. In 2002
average share of clinker in cement accountedlfghtly over 70%.
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Figure 1. Percentage share of clinker in cenidipt

2.1. THERMAL POWER PLANTSFLY ASH AS A RAW MATERIAL

Fly ashes belong to the artificial pozzolanic materials. Pozzolans are defined as substances
that by themselves do not habimding properties, but if they are milled in the presence of
lime and water they result in stable constructions with hydraulic properties According to
their chemical composition, pozzolans, artificially or natural, represent aluminosilicate
materials wih extremely acidic character.

Fly ash particles are mostly glassy spheroids, which size can vary from 1 microns to about
150 microns, and the typical size of the particles can be taken below 20 microns.

Fly ashes have specific characteristics which agmifstantly different from other
industrial mineral supplements. Besides, variations of fly ash characteristics are much greater
than blast furnace slag or Si@ust characteristics variatons, because they depend on the type
and quality of used coal ancctenological conditions of burning (temperature) and on cooling
mode of fly ash particles [1].

The chemical composition of fly ash varies in a very broad range. According to H. Peters
the chemical composition of fly ash varies within the limits given ild 4.
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Table 1. Chemical composition of fly ashes by Peters [2]

Ingridien | Fly ash from coal Flying ash from brown
t coal and lignite

AL 31 10 51 15
SiO; 3071 55 51 15
Al,03 1571 35 21 10
Fe,O3 51 10 21 20
CaO 21 10 2071 50
MgO 17 3 315

SG; 01 3 31 25

2.2. THE ECONOMIC AND ENMRONMENTAL EFFECTS OHHE FLY ASH USAGE

The use of fly ash has a number of of positive influences both economic and
environmental:

R e d u beatiamd relectriéitgonsumption,

Reduct i on asfexplbitatennecessary foiathe @roduction of clinker,
R e d u c t,enassions By re@u€ing the share of clinker in cement

e mi eductianfsNOx and SOx

R e d u f@ytashavaste tandfi)l

Production of-cement.ti ple types of eco

To Do Do Do Do Do

TheCement Plant Kakanj, as a substitalieker annually uses about 1200 tons of fly
ash. For 2002, the average amount of, EMitted into the atmosphere during the production
of one ton of cement is 580 kg (Figure 2). From which iofe# that the r@lacement of 120
000 tons of fly ash in cement manufacturing reduced €&fissiongdy 69600 tons.

Average emissianof NOx and SOx in 2002 were 1,3 and 0, I&gydeof clinker (Figure
3). Which means that by usirtge abovementioned amountsf fly ash enssions of these
gases ardecreased by 156 tons of NOx and 12 tons of.SOx

700

630

600

350

(kg/tonne cement)

500

2000 2001 2002
Year

Figure 2. Specific C@emissionper ton of cemer{d]
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Figure 3. The average emissions of NOx and SOx per ton of c[#lker

Due to the very high production of electricity power plants, there is a big problem
depositing huge amounts of fly aghat at the same time becomes one of the main causes of
air pollution in the near and far enviroment, in which fly ash is mamein which is
deposited It should be noted that idisposal, which is mainly done hydraulically, almost
irreversibly destrogthe huge areasnainly agricultural land in which reultivation must be
invested substantial resources.

If we take into account that the lkudensity of fly ash is 650 kgf’, for depositimy the said
amount (120000 tons) of industrial scrap, only in one year, it is necessary to ensure the
landfill of total capacity of 185 000 InAssuming that the height of the landfill is 10 m, the
to;al land area for disposal of annually amountiypash in TC Kakanj would equate 18 500
m°~.

The use of natural materials such as limestone, clay and sand is necessary for the
production of cement. Sustainability in this field involves the responsible management of
natural resources, reducing the wdenatural resources, by recycling and increasing use of
alternative materials. 8ag natural resources will not only reduce production cdmtswill
alsokeep the reserve materials for future generations.

On average, for the production of one ton ofmeat in 2002 was necessary to exploit
approximately 1380 kg of natural raw materigrigure 4). Substituting 12000 tons of fly
ashhas reduced thexploitation & natural raw materials for 1680 tons.

An important economic aspect of the use of fly ssto reduce the consumption of heat
and electricity necessary to produce clinker.

The average energy consumoptin 2002 amounted to 3400 Nxine of clinker, while
the averagelectricity consumption was 109,9 kWirine of cement (Figure 5). So, it wall
take for the poduction of 120 000 tons of cement 444 000 GJ of heat ariB83VWh of
electricity.
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Figure 4. Average consumption of natural raw materials per ton of cépent
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Figure 5. Average consumptiaf: a) thermal energy Blectricity[4]

The most effective solution to the aforementioned problems lies in converting fly ash and
other industrial scrap into raw materials that ¢@nsuccessfully used to produce the full
spectrum of building materials, among which the most important is cement.

As we see Cement Factory "Kakanj" has already achieved significant results in the
application of the fly ash from thermal power plants a®sdary raw material ithe cement

industry (about 12@00 tonnes per year), but it should aim that increases use of this raw
material as much as possible

2.3.CHARACTERIZATION OFTHE FLY ASH FROM THERMAL POWER PLANT
A ATIAL I

The fact that one mattertaf the manner of its origin belongs to a group of fly ash does
not mean that the ash automatically belongs to the group of pozzolanic materials. This is
explained by chemical or mineral composition of fly ashes. This composition is defined by
the contenof impurities present in the applied solid fuel or by regime of its combustion in the
boilers of thermal power plant§he limiting factors pozzolanic activity of fly ash are:
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chemical composition,
contentof unconsumed carbon
fineness of fly ash.

= =4 -4

In terms of of chemical composition in the limiting factors are included the content of
SiO,, MgO, SQ, alkalisand the content ainconsumed carbomhich is expresed through
the loss of annealingdt is believed that the carbon content in fly ash shoulderoged 7%,
but should amount to-3%.

The chemical composition of fly ash from TI
Table 2. Chemical composition of fly aj
Component Content(%)

SiO, 47,18
Al,O3 20,79
Fe0; 8,94
CaO 16,80
MgO 2,45
K20 1,47
Na,O 0,27

SG; 1,65
AL. 0,08

S 99,63

From the table it can be seen that the eonhof carbon in the fly ash (I8%) is far below
the maximum value, which can be explained by the high temperature combustion of coal in
the mentioned Thermal power plant

Regarding the participatn of the amorphous (glassy) phase in the structure of fly ash it is
preferred that this share is high as much as possible. The reason for this is that the reactivity
of fly ash increases with the share of the amorphous phase. On the reactivity ofHfhsash
beneficial effect increase in the share of $enaize particles.

The results of particle size distribution, Cla48 nm, for aforementioned power plant fly
ash, determined from a cumulative density curve, are shown in Table 3.

Table 3. Patrticlsize distribution of fly askb]

The particle sizenm Share of particles,%
<30,6 99,9
<25 92,0
<20 82,9
<10 45,0
<8 32,4
<5 11,6
<3 1,45
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It can be concluded that 8% flyashpar t i cl es ar em whthisbhegyr t har
convenient for the reactivity of the ash.

Further it will be giverthe results of physicohemical characteristics of cement with 50%
ash

Regardless of the content of fly ash in cement, the beginning dihbifor all cements is
longer than 60 minutes, which is the requirement prescribed by standard BNBE3jinning
of setting time is prolonged with the content increase of fly ash in cement, and this means that
the reactivity of the cement decreases witlreasing content of fly asin the case of cement
without the addition of fly asleginning of setting time is 125 minutes, and in the cement
with the additon of 50% ash dginning of setting time is 235 minutd8y examining the
continuity of volume a a function of the content of fly ash in cement it has been concluded
that the cement containing 50% ash has a very small expansion which is far below the
allowable values prescribed in the standard EN-IL9he heat of hydration of cemenitiv
50% ash #er 7 days is 218,4 g/ With increasing content of fly ash in cement increases the
resistance of cement to sulfate corrosiBements with the 50 % ash content can be used in
conditions wheretiis required stability of theement composite towards thggaession of
sulfate ions. With increasing content of fly ash in cement, there is a reduction of bulk density
of cement.The specific density of cement withiothe addition of fly ash is 3,10 g/émand
for cement containing 50 #shis 2,92 gém®. This fhenomenon occurs becausedkh has a
specific density of 2,7 gin’, which it is less than the specific densifithe clinker[1].
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Figure 6. The dependence of the specific density from the ash cfijtent

4. CONCLUSION

The use of secondary raw maads in the cement industry can deliver significant positive
economic and environmental effects such as saving on energy consumption, savings in
consumption of materials, reduced emissions into the atmospherge 80P and NOX),
reducing the space requirddr the disposal of of fly ash etd@.he use of secondary raw
materials in Bosnia and Herzegovina has reached an appropriate level, but not the European
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threshold of use of these raw materials, it is therefore necessagntinue to work to
increase thaise of hese byproductsin the cement industry and wther branchesf the
construction industry.

That the fly ash from our power plants can be applied in the cement industry show the
results presented in this papAil examined characteristics of flgsh such as chemical and
phase composition, size and distribution of fly ash particles suggest that this fly ash is very
convenient for use in the cement industry.
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MANAGEMENT TECHNOLOG Y, SYNTHETIC SUBSTANCES AND
ECOLOGY STABILITY

Sl obodan N. Bracanovil
Ekonomski fakultet PiSerlmati na, KosovsKk:
slobodan.bracanovic@pr.ac.rs

Abstract: Economic development; all it more to base on use synthetic, to change and new to
program and to draw up the plans for materials, which are effect science, to apply in the
industry awl other economic fields and technology. This synthetic substances (to obtained and
in laboratoris) to have and an advantages; but and effects pollution nature environment. On
foundation of management development; necessary it production and matedaks pto

bring into accord with longerm maintenance ecology equilibrium. Market of mechanizm in
this roundish it ineffective. Natural resources are immeasurable and precious capital. Exist
and broader moralistic, ethical standards. Scientists are resnindecognize the dangers.
Have it the way out of an uncertain state?

Keywords: Science, technique and technology, materials, substitutompensation,
ecology, exits.

1. PRETHODNE UVODNE DETERMINANTE

Predmet, domet, svrha i cilj ovog rada; jest@aivanje na kompleksni, povezani i

sl ogeni odnos: meluzavisnosti, melLuusl ovl j
sintetil| kih i novi h supstanci i materijal a,
uslovima ekonomskog rasta i razvoja. Ugabi t i ma anal i ze prirodnih
a) geografskog, teritorijalnog prostora; b) resursa neposredno datih u prirodi; V) njihovog
produktivnog, ekonomi | nog, rentabilnog, €
zalha. U k ei ranj u, formiranju i obli kovanju zal
dostignuti nivo i stepen razvijenosti nauke, tehnike i i tehnologije; 2. kvantitet i kvalitet

l inil aca; 3. ni v e ecgiijoenmad nmoam u gne mb,a jGohiigrt eenmn i gn
s e ostvaruj e: a) procesni tok kontinuirane
zal i he; b) pomjeranj e, premjegtanje, gr a
supstitucije i kompenzacije. Prema ovome; likovanju tehneekonomske kategorije zaliha;

naj bitniji el ement i S u: 1) prirodna izdagt
prirodnih resdrehhaol 8yki tebsl bkd koriglienja
skul enost ,h t fedeoubDil ¢gnjpopsnci j a) kvalitetni!l
(dugovremenog i trajnog) vida i giroko je
(i zmijenjena) poj ava. U savremenim wuslovim
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revolucija; dola i do nagl i h, brzi h, skokovitih i
rada postaju sve vige proizvod | ovjekove dj
obiljegji ma. Kompl eksni proces privrednog [
preobb ageni h i novi h materijala I sinteti| kil
eksperimental no i u | aboratorijama i s |
metodima, ovi materijali su jeftiniji i otporniji u odnosu na pojedine prirotivere; sa
omogul avanjem izmijenjenih i novih industri)]
(apli kacija). Poseban znal aj dobijaju mater.
zagaluju prirodnu sredi neu viag nooksrtu g eun jdeo. meQwic
akutnih ekologkih zagalLenja i ogromnih rizik
Kori st s e pri kladni met odol og ki apar at :
komparativne, l ogi |l ke [ ostale anali ze;
nebitna tj . na odrelenim nugnim nivoima aps:
konkretnog, praktilnog valorizovanj a.

2. POVEZANOST MATERI JALNE; EKONOMSKE IE KOL OGKE KOMPONENTE

U sadagnj o] fazit ehino¢togixomma it etkkiviokes ko g r

postoj i nijedan prirodni resur s, posebno en
mi mo dr gavne &kontrol e. Proces eksploatacij e
odvija se u realno sve manje povoljinim uslovima i okolnostimaMat er i j al i [ :
hemijske i druge supstance; U najvel o] mj
primijenjenih i r a #B3];oinkarporiranei s tehnikug tehnaogiju,a [ 1 ¢
industriju i ukupnu materijalnu proizvodnju. lar ugoj str ani ; kristal
[ dilema oluvanja narugene prirodne, ekol ogl

pregledno predstaviti i dijagramskim putem:

Privredni rasti
razvoj; ekonomska i
razvojnapolitika

Izmijenjeni i novi Materijalna poivodnjai Prirodni ambijent,
materijali, supstance i organizacija privreda ekolog kiaprostorna
energetski izvori ukupnaekonomija r av n o dabilgost
Dijagram 1.: Materijald@ i s i ndkenomijdilkkeloghae mi j s k

Tokom protoka vremena; pojedini, prvenstveno neobnovljivi (neregenerativni) prirodni
resur si (ugal j, naft a, prirodni gas i dr . ),
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