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ABSTRACT

Gilass containers are 100% recyclable, and can be repeatedly
recycled. Collection and uwse of used glass confainers in
Yugeslavia are still in the initial phase. The present paper is an
ilentification of quantities of used glass containers per
inhabitant, based on a research experiment performed over a
long period. The energy consumption data within the system of
municipal collection of wasie glass, its transportation w0 the
special plant for crushing and preparing inte balches, next phase
is the transponation of the materials to the very glass container
factory. The energy research includes the analysis of energy
consumption in the production process per anit weight of the
mewly manufactured glass containers. Within the manufacturing
process various percentages of participation of waste glass are
applicd, as compared to participation of natural (primary) raw
matersals - indicating the whole range: from 0 to 100 per cent.

INTRODUCTION

Glass is onc of the oldest malerials for packaging and
keeping food, soft drinks, medications and other daily-
consumed stafl. Made always of naiural materials, it has
retnined its important place in the production of packaging
materigls, irrespective of the occurrence of new modem
malerials. Owing to its origin and stability, it continues 1o be the
best and ireplaceable packaging material in many areas.

Therefore, the per cent share of glass in municipal wastes is
considerable. Volumes of crushed glass depend on the policy of
managing packaging materials in individual countrics, i.e. from
their determination in favor of corresponding materials (that are
easy for recycling, composting, ec.).

The level of using erushed glass in the production of glass
packaging varies from country to country. It exceeds 50% in the
EU countries, whereas in Yugoslavia it is 20-25% (Pavlovic,
1995),

USE OF CRUSHED GLASS IN GLASS PRODUCTION
Advantages of Introducing Crushed Glass in Glass
Production

Reusing of glass packaging can be conducted in two ways:
by reemploying used containers or by recycling the glass,

In addition to the application in glass production, crushed
glass can be processed and used as construction material, in the
preduction of fagade coatings, for abrasive materials, for
drainage materials, ete.

In order to have glass with a hagh share of crushed glass (up
1o 100%) melted in furnaces, the recycled material, spart from
being separaled by color, has to meet a number of quality
requirements before melting. Use of crushed glass improves
clearing of the molien mass during melting.

If the composition of crushed glass coincides with the
compasition of the mix, then under such conditions the resulting
glass is without remarks on quality. If there are larger deviations
in the composition of crushed glass, the melts provide 3 non-
homogenous, low strength and highly britile glass product.

When the mix of primary raw materials is used, then
corresponding material losses occur during melting (81.3 kg of
glass is obtained from 100 kg of the primary raw malerial)
(Pavlavic, 1993), depending on the methed of conducting the
technological procedure of meliing and the composition of the
mix. The primary mix losses occurring in the process amount to
15-30% (Wolfgang, 1992). These losses are noi present when
crushed glass 15 used.

Charge losses (on the mix of primary raw materials and
crushed glass at the fumnace inlet) can be divided into:

v Logses due to annealing;

* Losses due to evaporation of certain oxiles from
raw materials;

s Losses due to dust evacuation from the charge.

Using of crushed plass reduces the velume load on aty
wasle dispasal areas and extends their utilization life.

Energy Savings Using Crushed Glass

In the production of glass packaging, encrgy is consumed
for:

a) Obtaining, preparation and ransport of raw materials;



M. Perdovwac: Energy savings by recycling

b} Melting process;

¢) Molding and other operalions.

With increasing the share of crushed glags in raw matenials,
under item a) and b) above, it is possible 1o achieve savings in
energy in addition to those gained on raw materials,

Energy savings by using crushed glass are (Wolfgang,

1992}
* For a lower moisture content of material
13%
#  For a lower melting température
3%
= Foralower value of absorbed energy by OO, (S0,)
12%
*  For a lower volume of efMuent gases
43%
EXFERIMENT

Determination of Crushed Glass Volume

The structure of municipal waste changes over the year -
depending on the season and on the social and economic
structure of population. 1t is necessary therefore 1w perform an
experiment over a longer period on a representative sample.

The expenment was performed on 400 houscholds and 26
commercial faciliies, and 3,278 citizens of the City of
Zrenjanin (population 100,000) waok part in it over a period of 6
manths (Febmary-July, 1997).
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Figure 1 - Per cent composition of wasie by weighi

A poll rescarch on a sample of 5,300 inhabitants of the City
of Zrenjanin was conducted on the population readiness to take
part in the municipal recyclable materials collection system.
93% of examined people were prepared 10 take part in this
Process.

ENERGY CONSUMPTION
Energy Consumption in Preparing the Basic Raw Material

Basic materials for the production of glass in the SFS
Paracin (ilass Packaging Production Plant are:

encrgy consumplion for cach operation was determined. Energy
consumplion in transport was determined according 10 the
distance from the producer to the glass production plant and the
optimum transportation means. All the above-indicated
materials, except sodivm carbonate (Romania), are produced in
the temitory of the Republic of Serbia.

Tahle 1 - Specific energy consumption data for primary raw
material

Sand Sadiun carbonate Dholomi be
2.619 M1y 10,076 M) ke 0.214 Mlkg
Limsestone Feldspath

0.222 M1kg 0.275 Mlikg

+  Silica sand 05

* Sodium carbonate 18. 7%
*  Dolomite 1056

* Limesione 8.1%
*  Feldspath 12%

Specific energy consumplion figures are given based on

standards in mining, processing. preparation and transport of the
corresponding material to 5FS Paracin. In their assessing,

Specific energy consumption data for obtaining and
ransport of primary materials w SFS Paracin are given in Table
I

According to the per ceni share in the material mix, specific
consumplion of energy in this stage is equal to E; = 0.355
MU'kg of the mix.

Energy Consumption in Correction, Processing and
Transport

Energy consumption in the system of comecting used glass
iz determined based on the initial data of the experiment. The
city recycling material collection vehicle MACK 24 has four
flexible bins for materials: glass, paper, plastics, and metal.

In determining the encrgy required for the collection of one
kilo of crushed glass, the following elements have been taken
nte account:

* Readiness of population to take part in the crushed
plass colleetion process;

*  Average distance from the point of collection to the
slarting position;

*  Volume of glass per inhabitant en the vehicle route;

+ Distance between the vehicle loading stops;

=  Average speed on the collection route;

*  Loading time at the stops;

* The quantity of glass per the unit volume of the
vehicle of 260 kg/m’;

»  Volume of glass loaded at each stop;

»  Fuel consumption of the above-mentioned vehicle.

Based on the analysis of the above-indicated parameters, it
was found that energy consumption in collecting the umi
volume of crushed glass is e, = 0,378 MIkg.

The plant for processing, selection and preparation of
collected glass o 5-20 mm grain size would be located in
Zrenjamin, and this was designed for a capacily covening the
material coming from other larger cities within that area of the
Province of Vojvoding (population of approx. 1,100,000} In
such an organizational system, the plant would be operated at its
optimum capacity. The installed power of the plant is 20.9 kW
for the maximum capacity of the equipment of 15 vh of erushed
glass,

Specific energy consumption in the ahave mentioned plant
15 ¢, = 0.006 MIkg of crushed glass.

Transport of prepared crushed glass on the Zrenjanin - SF5
Paracin route 15 carricd out by the railways. The specific energy
consumplion for transport i3 ¢ = 0.0296 MIkg of crushed
glass.

The total specific consumption for crushed glass up to the
arrival in the glass producing plant is:

€ = €1 + e+ €y = 0.4136 MIkg of crushed glass (3



Energy Consumplion in the SFS Paracin Glass Packaging Encrgy Consumed in the Glass Melling Furnace. Encrgzy

Producing Plant consumplion in this stage of glass production 1= obtained by
Specific Energy Consumption in the Production  analyzing:

Preparation. Determination of energy consumption in the s  Theoretical melting heat energy;

preparation of primary raw materials was performed based on &  Losses in the furnace;

standands for electrical units driving the equipment in this stage »  Energy consumed by auxiliary units

of processing up to the melting furnace, and according to the
volume 354 tons of material prepared on an average basis over
24 hours. This 15 equal to g,"= 0,189 MJ/kg of the primary mix.

Energy consumption for the preparation of used glass up o
the melting furnace is ;"= 0,013 MJ/kg of crushed glass.

T‘-hlr 2 — Mass and EncrEy consu mmn daia in the Erndul:llun nfﬂl‘.u.ss pm:klEnE

Q K Msglass E, b £ £ £" £ E, E,* 2-Eu® u
15‘5] pimary crushed  [kg]  [MJ] [MJ] [MJ] [MJ] [M)] [MI] [M)] [M)kg Eu,* [%]

mix  glass of glass]

[kg] [kg]
LU 1] 1] §1.30 355 000 1820 000 51219 000 56589 6,960 0.00
L B 10 83.17 3195 413 1638 0.3 46097 5347 567.03 6.818 0.02 2,00
0 80 20 B504 2840 B26 1456 026 409.75 10694 568.17 6.681 0.04 4.00
o 7o k1] 8691 2485 1239 1274 039 35853 16041 56931 6.551 0.05 5.90
40 o0 40 8878 2130 1652 1092 052 30731 213.88 57045 6.426 0.07 1.70
50 50 50 90.65 17.75 2065 9.0 0.65 25610 26735 571.59 6.306 009 9.40
60 40 &l 9252 1420 2478 728 078 204.38 32082 5TI.74 6.190 0.11 11.06
30 0 94.39 1065 28.9] 546 091 15366 374.29 573.88 6.080 0.12 12.65
B0 20 B0 9626 7.0 3304 364 104 10244 42776 575.02 5974 0.14 14.18
90 10 90 98.13 355 377 182 11T 5122 481.23 576.16 5.871 0.15 15.65
100 0 1040 10000 000 4130 000 130 000 5MTD 5TRA0 5.773 0.17 17.06

P [%] - percentage of crushed glass £," [MJ] - energetski utrosak primame sirovine kolicine Q u
Q [kg] - quantity of primary mix (primary raw material)

K [kg] - quantity of crushed glass

Ms [kg] - quantity of produced glass (from volumes Q+K)
E; [MJ] - energy consumption for preparation of { primary
material to SFS Paracin

g" [MJ] - energy consumption of volume Q primary raw
material in the melting furnace

E, [MI] - toral energy consumption of (QHE)} mix volume

E,* [Mlikg of glass] - energy consumption of produced glass

&, [MJ] - energy consumption of K velume crushed glass o 5F5
Paracin

&' [MJ] - encrgy consumplion of volume Q primary raw
material in the preparation and mixing stage before fumace

£3' [MJ] - energy consumption of volume K crushed glass in the
preparation stage before fumace

For the fumace capacily of 211 tons in one batch, the
following energy consumption was determined:

Energy consumption per one kilo of glass obtained from the
primary raw material is €,"= 6.3 Mlkg of glass, and from
crushed glass it amounts 1o 8, = 5.347 Ml/kg of glass.

RESULTS AND DISCUSSION

Assessment of savings al using crushed glass instead of
primary raw materials was conducied on a sample of 100 kg of
the primary materials mix. The per cent change of the crushed
glags share was made in 10 kg or 10% incremenis (Table 2).

Encrgy consumed to produce the comesponding mlumc off
lass (depending on the per cent share of ¢rushed glass in the
mix) was calculated according to the following expression:

e QUE, + £, + 5" ) + K(e + 5" +5,"") [MJ] (2)

Energy consumption results per expression 2 are shown in
Table 2,

from (Q+K) mix volume

Eug® [MVkg of glass] - encrgy consumplion of the mix without
the crushed glass share

U [%] - energy saving i using volume K crushed glass, in
relation to the primary raw material

20

] 20 40 60 80 100
P (%)

Figure 2 - Encrgy savings in the production of packaging
glass using crushed glass
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Functional dependence between the percentage of energy
savings and the per cent of the crushed glass share in the mix
mass is shown in Fig. 2, based on the data from Table 2.

The analysis of resulis in Fig. 2 shows linear dependence
between the zaved energy and the per cent ghare of crughed
glase in the mix up o P=30%. In this interval, the increment in
energy saving is 2% on cach additional 10% of crushed glass,

U=02P, 0<P<I0P% (3)

When the share of erushed glass in the mux i increased over
30%, savings are reduced and dependence between U and P is
not linear any more. In this interval, the functional dependence
of the gaved energy and the per cent of crushed glass is given by
the LaGrange interpolation pol jal of the: forth order:

U =052 107x*- 0833 10-%x" - 0.208%% - 0,203, P=10%

4)

Table 2 and Fig. 2 show results that are somewhal lower
then those from the pertaining literature, indicaling energy
savings of 2-4% on each 10%6 increase in the share of crushed
glass in the pnmary raw matenal mix. (Tellus Institute Lid,
1992)

The lower energy saving in relation o other liveraure data
is a direct consequence of the reduced economic power of
population due to the cconomic crisis in Yugoslavia persisting
over the last several years. Results from an carlier rescarch
praject (Pavlavic, 1995) show a higher production of glass per
inhabitant of 0.08 kg/day. The reduced volume of oblained
crushed glass ncreases the consumption of energy i the
process of its collection and processing,

CONCLUSIONS
Considernble energy savings are achieved by recycling
crushed glass in the process of packaging glass production.
Resulis abtained in operation lead to the following conclusions:
*  Enecrgy savings achicved by using crushed glass in
the production of glass are direcily proportional 1o the
economic power of population;

+ Higher energy savings are achieved at lower
participation of crushed glass of up to P=30%;

* Energy bonus 5 reduced as the share of crushed
glass 15 increased over P=30%;

+  Energy savings of 17% are achieved when 100% of
erushed glass 1s used in the production of glass packaging.
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