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Need to Improve the Natural Aggregate Resources Spfy in the City of
Belgrade (Serbia)

Vladimir Simi¢*, Filip Abramovi¢?, Nevena André®, lvana Deli¢*, Zoran Miladinovi¢® and Dragana Zivoti®

The City of Belgrade is the largest market for aggtes in Serbia but the production of natural aggtes is rather small, around
five percent of total consumption. This reflecte tieology of the City of Belgrade territory, donméth by Neogene and Quaternary
sedimentary rocks. The production of crushed raui sand and gravel on the territory of Belgrade w#tsost equal, while majority of
imported aggregates is sand and gravel due to Iqwiee. Consumption of crushed rocks includes ado®@ % of limestone and dolomite,
the rest being magmatic rocks. The main issue iofjugushed rock on the territory of the City ofi@ade is the long transport routes,
which are usually near or more than 100 km, cregtimore logistic problems and increasing cost ofraggtes Therefore it is necessary to
establish a good supply system with low socio-enwirental impact of aggregate production and tramspend the basis for that is the
analysis of actual structure of production and dypyf natural aggregates and new potential quaraesi/or sand and gravel pits.
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Introduction

Establishing the sustainable supply of aggregataesiyaadministrative level is an important challerdye
to their vast economic importance (in the Europdaion aggregates’ contribution to the total mingegtor was
67% by volume and 23% by value in 2006, Menegal{a#iampakos, 2010), but also because of the patenti
ecological and societal influence of their prodoctiparticularly on the local level. Aggregates raw materials
of strategic importance in modern economy duergel@nnual consumption mostly for infrastructurekso in
the road construction and civil engineering, bugoafor lime and cement production, which makes the
aggregates sector by far the largest amongst timeenergy extractive industries in Europe, with eatr
production of 3 billion tonnes for EU-27 + EFTA auties in 2011, or 3.9 billion if 35 countries d@neluded
(UEPG, 2012). Therefore, their importance is cambfeevaluated and carefully planned (Pfleidereale2007;
Brown et al, 2011; Mankelow & Gunn, 2011; Tiess &#2011).

In this paper the classification of aggregates pseg in the SARMa project (SARMa Glossary, 2011) wi
be used. Natural aggregate is aggregate from nhiresaurces which have been subjected to nothing iti@n
mechanical processing, while manufactured aggreggteoduced from industrial activities such ascessing
or re-processing of waste, by-products and residdggregates industry in Serbia, and consequentthé city
of Belgrade, uses almost exclusively natural agapesy— sand, gravel and crushed rock (Statistieatbpok,
2013; Simé et al, 2010; Sindi et al, 2011).

Geological setting

The area of Belgrade consists of Paleozoic, MesopZigrtiary, and Quaternary rocks (Markowt al.,
1984, Filipovt & Rodin, 1980; Pavlo 1980; Ivkové, 1975; Brkovt et al., 1980). Tertiary and Quaternary
sediments are by far the dominant lithological merabThe border and basement of this sedimentdstafs
Devonian and Carboniferous schist, gneiss, slaiesandstone, Mesozoic carbonate and marly sedimeamis
Tertiary dacite—andesite rocks and pyroclastic sdékg. 1).

Paleozoic rocks are made of Devonian—Carbonifepiydlite with redeposited blocks and fragments of
limestone and Carboniferous terrigenous sedimegtitgllite, rarely quartz sandstone with lenses ofelstone).
In the contact zone with granodiorite rocks of Batec to Mesozoic age are metamorphosed, formimgféis,
amphibolite, mica schist and gneiss. The Paleozmiks occur along the southern border of the Belgrarea.
Mesozoic sedimentation started in Early Triassithveiedded limestone and clastic rocks — mica-rasidstone
and shale, while during Middle and Late Triassidded to thick-bedded dolomite, dolomitic limestoresl
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massive limestone deposited. Triassic sedimentsrandy along the SW border of Belgrade. Centrat pathe

territory of Belgrade consists of Jurassic sermitetiand Late Jurassic to Upper Cretaceous rockessmn,
comprised of limestone and flysch (alternationimiglstone, marlstone, sandstone and siltstone). Magmocks

of Late Oligocene and Early to Middle Miocene agerevformed in the southern part of Belgrade arehaen
small masses within the central Belgrade JurassitaCeous succession. Volcanic rocks consist afogtiarite,

phenoandesite, phenodacite, quartz-latite, lagjtembrite and tuff.
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Fig. 1. Geological map of Belgrade with positidregisting aggregate quarries and sand pits (al@esic Geologic Map of SFRJ, sheets
Beograd, Parevo, Obrenovac, Smederevo and Kragujevac).

Neogene sediments in Belgrade and surrounding amesst of the following units (Zivatiet al., 2013):
Early Miocene fresh water marlstone, tuff, and stape; Badenian (Middle Miocene) marine sand, liyose
bounded conglomerate, freshwater sand, clay anetlgr&armatian (Middle Miocene) brackish clayey—ipar
and sandy sediments and limestone; Pannonian (Udmene) caspi-brackish sand, sandy clay, mary,cl
silt, rarely gravel and marlstone; Pontian (Uppédodéne) fresh water clastic sediments, with thre@ seams
in the Kolubara coal basin. Quaternary sedimenésmade of fluvial gravel, sand, clay and sandy-ejay
sediments.

Natural Aggregates consumption in Belgrade

Aggregate consumption in Belgrade comes entiragnfnatural aggregates (crushed rock, sand andlgrave
Fig. 2), out of which only 7 % is produced on teeritory of Belgrade. This situation is even leagdurable
today, as the Tanasijéa Brdo quarry near Lazarevac has stopped operatidhe meantime. Estimated annual
consumption of all types of aggregates in Belgrisdapproximately 3 tons per capita and the aveeagaial
consumption of aggregates in the EU in general awsaio 5-7 tons per capita (UEPG, 2013).
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Natural aggregates
4.57 Mt

4
TOTAL AGGREGATES SUPPLY

I
Produced from

\
Imported from

Belgrade outside Belgrade
0.34 Mt 4.23 Mt
(T%) (93%)
I t ] \ * 1
Crushed rock Sand & gravel Crushed rock Sand & gravel
0.16 Mt 0.18 Mt 1.45 Mt 2.78 Mt
(47%) (53%) (34%) (66%)
t I = 1 I : 1 1
Limestone Igneous River- Land- Limestone Igneous River- Land-
& dolomite rock won won & dolomite rock won won
0.13 Mt 0.03 Mt - 0.18 Mt 1.32 Mt 0.13 Mt 2.58 Mt 0.20 Mt
(81%) (19%) (100%) (91%) (9%) (93%) (7%)

Fig. 2. Aggregates consumption in the City of Belgrade yahaverage for 20(-2012. Source: Statistical Yearbool013). River-won
sand and gravel in the City of Belgrade were nadoced in the studied period, or no production wgmrted

Natural crushed aggregates production in Belgréaleg 1) is at the moment limited to the Kijevo qya
where high qualityimestone aggregate is produced (table 2), andd<iod quarry, where low quality aggreg
of volcanic origin is produced mostly for Kolubdrignite basin internal consumption (Dimitrijévi& Krstic,
2011). KosSutica deposit, although explored accayto the existing rules, has not been opened aswitksn
the protected are&pecial Purpose Area Spatial Plan for the A-Kosmaj outstanding landscape, 20!

Tab. 1. List of natural aggregate deposits on the territofBelgrade (WEBGIS, 201data from producer.

Deposit/quarry Operating status Rock type Usage
Kijevo Operating Limestone Aggregate
N Closed (but operating durir .
Tanasijevi¢a brdo studied period) Limestone Aggregate
KoSutica Not operating Limestone Aggregate
. . o Ornamental stone, aggregate

Ploénik Operating Granodiorite by-product

KruSevica Operating Latite and latite tuff Aggregate (low quality)
Brgulice Operating Sand Aggregate
Jakovatka KumSa Operating Sand Aggregate

Tab. 2. The quality of limestone in deposits onterritory of Belgrade.

Kiievo limestone. average for last 6-8 | <osutica limestone, average for th:

Stone property | y 9 deposit (data from Ministry of Mining
years (data from producer)
and Energy)

Bulk density [kg/m3] 2657 2660
Porosity [%] 1,09 2,20
Water absorption [%] 0,26 0,49
UCS, dry stone[MPa] 140 92
UCS, water-saturated stondMPa] 125
UCS after 25 freezing cyclegMPa] 122
Abrasion resistancelcm®/50cnT] 19,27 25,30
Los Angeles[%)], gradation "B" 24,6 24,6
Los Angeles[%], gradation "C" 23,2 23,1

Granodiorite from the Ptmik deposit near Lazarevac is used as ornamertia¢ sand b-products can be
used in the future in small quantity as aggregbitere are at the moment two pits from which sarekgavatec
and used as low quality ggegate (table 3), mostly for road subbase layarctiral and nc-structural fill.
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Tab. 3. Typical quality of sand in land-won depoéMilicevi¢ & Pavlovi¢, 2009).

Aggregate property Value
Bulk density [Jkg/mi] 1312
Bulk density, compacted [kgfh 1528
Clay lumps content [%] 32
Particles <0.09 mm [%] 13
Particles <0.063 mm [%)] 10
Particles <0.02 mm [%] 7.5
Fineness modulus 10
Sand equivalent 38

Comparing properties of sand and gravel from fowers (table 4; Fig. 3) the similarity between Durzand
Velika Morava are obvious, reflecting that all sadi locations from the Danube are located downstrea
the Velika Morava and Danube confluence. Aggredaie the Sava river has the finest granulation,levhi
Drina aggregate has the coarsest one and the Befitds Angeles) value, but as well the largest patoof
elongated grains.

Tab. 4. Average quality of riverbed sand and grglvased on numerous producers data, number ofesfudcations is given in brackets).

Aggregate property Dunav Sava Velika Drina
(25) (4) Morava (8) (12)
Water absorption, < 4 mm[%)] 1.1 2.1 1.0 0.8
Water absorption, > 4 mm[%)] 0.9 3.9 0.7 0.6
Grain shape 3:1[%] 9.7 6.3 9.8 12.0
Clay lumps [%] 0.0 0.0 0.0 0.1
Weak grains [%] 0.0 0.5 0.0 0.0
Los Angeles tes{%)] 29.2 29.0 29.0 25.0
Bulk density [kg/m’] 1886 1650 1798 1816
Bulk density, compacted[kg/m’] 2022 1803 1963 1982
Organic particles [%] 0.0 0.0 0.0 0.0
Particles < 0.09/mm ] 1.3 2.1 1.3 3.1
Granulometry, 0-4 [mm ] 49.0 48.6 45.9 38.9
Granulometry, 4-8 [mm ] 15.7 17.6 17.8 15.6
Granulometry, 8-16 [mm ] 17.7 23.0 20.3 23.5
Granulometry, 16-31.5[mm ] 12.8 8.5 11.6 16.5
Granulometry, > 31.5[mm ] 4.8 2.4 4.4 5.6

Historical quarries and new potential aggregate depsits

On the territory of city of Belgrade there are nuous aggregate rock (mostly limestone) deposit¢oand
quarries, where exploitation has been stoppedfigrelnt time periods. All data on those deposit$irnéstone,
i.e. quality and the remaining resources of staeet@ntative and must be considered just as andtidn (table
5).
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Tab. 5. List of aggregate rock locations (Cmilj@nil983; for Kolubara basin \dkovi¢ & NeSi, 2011.

Deposit Location (town/village) Rock type Re[snc:g]r ces
Petka Lazarevac Limestone 2,500,000
Beli kamen Velika MoStanica Limestone 25,000
Bela reka Ripanj Limestone 100,000
Grabovac Ripanj Limestone 30,000
TreSnja Ripanj Limestone 80,000
Blasko brdo Ralja Marlstondimestont 120,000
Klisura Ralja Limestone 25,000
Koviona Ralja Limestone 150,000
Vekinac Ralja Limestone 60,000
Pubrine Parcani Limestone 150,000
Grab Koracica Limestone 100,000
Oglavci Koracica Limestone breccia 150,000
Kolbine RusSanj Limestone 200,000
Zbegoviste RusSanj Limestone 2,500,000
Vuksiéa majdan Barajevo Limestone 120,000
Bu¢je-Preéica Ripanj Sandstone 75.000
Hajdukovac Velika MosStanica Sandstone 400.000
Veliki Crljeni coal field Kolubara basin Sand and gravel 5,000,000
Coal field E, F and G Kolubara basin Sand and gravel 95,000,000

Supply routes of natural aggregate

Most crushed rock aggregates (predominantly limmesteome dolomite and diabase) necessary for tiye
of Belgrade are coming from deposits in centrab®eri.e.from the area marked with the 100 km radius fi
the centre of Belgrade (Fig. 3). There is at theriot only one limestone quarry on the territoryBefgrade—
Kijevo, which is located quite close to the cityntre, so in the future Belgrade cannot ¢ct to enlarge the
production of aggregate on it's own territi

Kolubara coal fileds
with sand and gravel

A Diabase quarry
|:| City of Belgrade territory
City of Belgrade -
4 General Urbanistic Plan Area
Fig. 3. Aggregates supply routes to the City of Belgradey@ircle— 100 km radius from the centre of Belgrade. Bluipsdis and arrow
indicate the riverwon aggregate sources, the Danube river bed béiagrost important for aggregate supply to Belgr

® Limestone & dolostane quarry
— Railroad
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Sand and gravel is mostly excavated from riverb@fd®anube (around 90% of total amount) and Sava,
Drina and Morava rivers (the remaining 10 %) owdsttie city boundarySand and gravel deposits from
“Kolubara” basin are not currently used and areodépd on the waste dump at the mine site, whikd &
extracted.

Discussion

The aggregate industry differs in at least two ingoat aspects from most other industrial sectors
(Bleischwitz & Bahn-Walkowiak, 2007). First, thecktion of the quarries and the quality of the mater
produced are determined by geology of an areathleuindustry that uses aggregates is spatiallye@lo areas
of high demand, i.e. large cities, as aggregateshh-bulk, low unit value commodities that derfiee lose)
much of their value from being located near the katarSecondly, the success of the aggregate sector
dependent on the success and competitiveness afotlvastream industries — construction, manufacsuoér
mineral commodities, cement and concrete. All tiieans that aggregate quarrying will try to continue
production in the vicinity of urban centres, clasethe consumption sites, thus causing a lot offlimt® of
interest. Therefore, it is necessary to begin &ijlgregate planning in Serbia and Belgrade, as suisadaby
Simi¢ et al (2014).

Transportation is a major cost driver and a critgarameter for aggregates market prices (Mene§aki
Kaliampakos, 2010). In general 80-90% of productisntransported by lorries (Bloodworth et al, 2004;
Tepordei, 2005; Bolen, 2005; Kaliampakos & Benard®¥99) estimated that delivering to a radius ofkird
from the quarry leads to a 30% price increase. Wvely distance of more than 40 km is therefore sual
(Drew et al., 2002), but in case of the city of @ade it is usually near or more than 100 km faished rock,
creating more logistic problems and increasing obsiggregates.

From all those reasons, it is necessary to intredine Sustainable aggregates resource management
(SARM) and Sustainable supply mix (SSM) principiesaggregates supply planning. SARM is efficieoty|
socio-environmental impact quarrying and waste manment, while SSM uses multiple sources, including
recycled wastes and industrial by-products (slag) together maximize net benefits of aggregatelguacross
generations (SARMa Glossary, 2011). With those twmciples it is much easier to organize and plan
sustainable supply of aggregates for industry,iq@detrly in large cities and areas deficient inunat aggregates
(Blengini & Garbarino, 2011, Cibin & Furin, 2011)nfortunately, Serbia has neither Mineral PolicaRInor
Strategy of Mineral Resources Management, whichulshdefine the basic and sustainable roadmap tierbet
aggregate supply and management, not only in Bedgraut also in other aggregate-deficient areapdration
and adoption of those documents should be thestiegt in increasing the efficiency of aggregatepbup

As previously presented, the territory of the QifyBelgrade is rather sensitive to aggregate symsyit
produces only 5% of natural aggregates on its amitdry, with trends to go down to only few pertenAt
the same time, we can assume that in the nextdarsyhe consumption of aggregates in Belgraderisél to
4 t/per capita. Therefore, the authorities in Badlgr already started to prepare for future by adoptf several
crucial documents on the city level, based on tléeSegulations.

General Urbanistic Plan of Belgrade until 2021 (G@B03) does not specifically forbid new exploiati
but says "It is general intention that exploitatioh non-metallic mineral resources is not welconme the
territory of GUP of Belgrade”, which in fact meathst it is almost impossible to get the exploitaticense.
The Law on waters (2010) generally forbids expt@taof mineral commodities in the narrow protentiannes
around water springs (sources). The Law on mining geological explorations (2011) has authorizezhllo
administrative units (towns and municipalities) gove permits for exploitation of aggregates. Theref
administration of the City of Belgrade is respotesitor issuing permits for riverbed excavation dodissuing
permits for extraction of limestone, sand and grawthin the territory of the city. All projects anplans which
involve extraction, processing and transport ofaerdts or recycling and use of recycled aggregatest imave
approval from the City Secretariat for environméptatection. Approval is given after all condit®mnequested
by the law are met and environmental impact assesshas been fulfilled, reviewed and accepted.

The analysis of the actual supply chain clearlywahthat Belgrade cannot expect increased production
natural aggregates on its own territory due to @giol background and environmental protection, exdemp-
quality sand for road subbase layer, structural mad-structural fill. All other natural aggregatesll be
transported from existing and/or new sources. Assamption of river-won sand and gravel will be thest
important aggregate resource shipped to Belgrad&étpdy on determination of locations for sand aralvel
stockpiles along the river banks in Belgrade hanlgepared (Tahov & Trivan, 2013) in order to oige the
sustainable supply of sand and gravel. The othesngial resource of sand and gravel are Kolubasmnbeoal
fields, from which aggregate can be used in Belgradt this would require geological exploratioe@ding to
the regulations (Law on mining and geological erglion, 2011), and careful planning of exploitatiarorder
not to disturb the future production of lignite fdrermal power plants. Sand and gravel from thosations
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could be produced with the least impact on therenment and focus should be on improving the efficy of
exploitation of all possible commodities.

When crushed stone aggregates are considered, dherplenty of quarries within or close to 100 km
diameter around Belgrade (Fig. 3). Only one quasryocated near the Danube river, allowing the most
ecologically acceptable transport, but it is withie National park and limited area for exploitati®esides
that, there are several large quarries located theatailroad, some of them with their own loadmagps. With
good sustainable planning, aggregate from thoserigeacan be used with lesser environmental impagt,
lower CQ, emission, less road damages and potential trigfifits and accidents, combined with lower transport
cost.

Considering recycling of aggregates, none of cantibn and demolition waste is currently being cdegt,
which is one of the important topics for futurethaugh it will not significantly improve aggregasepply as
typical building constructions in Serbia includetof clay-based brick products and much less cziac

The problem of aggregate supply in large citie®s&fEurope has been, at least partially, solveelithgr
using marine aggregates (UK, Netherland, BelgiuranEe and Germany), or recycled aggregates (UK,
Germany, Netherland, France, Belgium and Switzdjlaas reported by UEPG (2015).

Conclusion

The availability of primary aggregate resourcethim wider region of the City of Belgrade is suféict for
current needs. However, in case of increasing ddnediraggregates it will be necessary to establigfoad,
sustainable system to supply the Belgrade markiét bdth natural and manufactured aggregates. Tdreréfis
important to maximize efficiency of aggregate eati@n on active quarries to maximize net benefits achieve
sustainable quarry life-cycle, adoption of bestcticgs, more rigorous control of stone quality, reéased
extraction and construction waste/by-products ringcto be used as aggregates, and wide use ofewhol
aggregate life-cycle analysis.

Use of SSM of natural (primary) and manufacturedc@mdary) aggregates should be the strategic
orientation of the city of Belgrade in order to @mste the goal of a sustainable use of aggregates Eliropean
experience shows that with complete recycling ofstauction and demolition waste (CDW) industry nsemtly
around 10% of total demand for aggregates. FoiCihe of Belgrade it will be necessary to use CDWthe
possible maximum given future needs of the citydggregates, but also to reduce the environmemfzddt and
pressure for new locations of waste dumps.
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