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Abstract. The current situation of waste glass management in Serbia, as country in development, is 
not satisfactory, because the last five years recycling rates ranged between 16 and 30% of produced 
glass packaging. In the paper are presented the necessary steps, as flow diagram, for making model 
of using waste glass as secondary resource in fired clay blocks production. The 10% by mass of 
glass cullet (crushed glass) were used in fired clay body according to experimental research from 
literature review. The annual amounts of waste glass produced in Serbia, Material Flow Analysis 
(MFA) and the STAN software were included in making MFA model. The proposed model shows 
the possibility of development the technology of acquiring a ‘new product’ as basis for the real pro-
duction of fired clay blocks with glass cullet, in order to reduce the amount of waste that would be 
deposited and at the same time to preserve the natural resource. It is obtained the significant results 
indicating an annual increase in the recycling rate of waste glass by 17%, which directly affects 
the annual savings of 38% of deposit space at the landfill and savings in natural raw material in the 
amount of 19 858 t per year.
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AIMS AND BACKGROUND

Solid waste is a great concern among governmental agencies, and environmentalist 
regarding the increasing amount of waste throughout the world. Waste glass creates 
disposal problems as well as environmental pollution on a large scale through-
out the countries in development. It is not biodegradable and therefore creates a 
problem for solid waste disposal. The disposal into landfills also does not provide 
an environment-friendly solution. The landfills in Serbia are very limited in both 
their current and future count number and their individual capacity and efficiency 
of usage. In the context of sustainable development, the waste management plays 
an important role, waste deposition being not only a potential pollution source 
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but also an important source of raw secondary materials and energy1. In order to 
this, two basic research aims have been defined. The first aim is to experimentally 
obtain fired clay blocks with 10% by mass of waste glass as a recommendation of 
many previous researches2–9. The second aim is to form a model for using waste 
glass packaging, based on the available quantities of waste glass packaging per 
year in Serbia that could be used as secondary raw material for the production of 
clay blocks instead of depositing in landfills. According to the determined avail-
able quantities of glass cullet (crushed glass), the model will calculate how much 
kilograms of finished clay blocks with 10% by mass of glass, can be obtained in 
order to increase recycling rate of waste glass packaging and achieve savings in 
the consumption of natural resources. Sustainable packaging waste management 
has a significant positive impact on the environment and saves natural resources 
by transforming waste into new materials by recycling10.

Waste is an important topic in every developed country. The amount of waste 
produced has strongly grown in the last decades and continues to do so11,12, because 
municipal solid waste emanates from human existence, with waste volume increas-
ing with both population levels and changes in living standards13. According to 
that, landfill space is becoming increasingly scarce and the assimilative capacity 
of Earth is reaching its limits, but landfilling is still the most common method of 
managing waste14–16.

Packaging waste is a significant portion of waste, because it is one of the most 
valuable fractions of communal waste consisting of materials that can be processed 
by recycling and other recovery operations10. In the period from 2010–2012 the 
percentages of overall municipal waste volume increased, and waste glass in-
creased from 28 to 33% by mass13. Sustainable packaging waste management has 
a significant positive impact on the environment and saves natural resources by 
transforming waste into new materials by recycling and ideal example for this is 
recycling waste glass in order to make the new product17,18.

The official data for waste glass recycling rate in Serbia, show that in 2016 
were only 16%, and in 2017 were less than 30% (Ref. 19). Recycling and recovery 
targets for the glass packaging recycling proposed from the Serbian legislation 
for the period 2015–2019, in 2018 and 2019 are 31 and 37%, respectively. This 
is still a small percentage of the glass packaging recycling, taking into account 
the fact that Serbia is a potential candidate for accession to the European Union 
in the future. The EU Directive aims to establish a sustainable packaging waste 
management in relation of protection of the environment and determines that by 
the 2020 a minimum 60% of the packaging waste has to be recycled or energy 
recovered, with specific objectives for recycling or recovery 60 wt.% for glass and 
also Directive on packaging and packaging waste, promotes gradually increasing 
the targets by the end of 2030 to be prepared for re-use and recycling around 80% 
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of glass10,13. Based on all of the above, in order to improve the recycling rate of 
glass in Serbia, one of the ways to succeed, is proposed in this paper.

EXPERIMENTAL

Necessary steps for making model of using waste glass as secondary resource 
in fired clay blocks production are shown in Fig. 1. There are presented as flow 
diagram and more detailed explanation of phases for MFA model development 
is given below.

Fig. 1. Necessary steps for making model of using waste glass as secondary resource in fired clay 
blocks production

The concept of experimental research in this paper included the following 
phases:

Phase 1 – collection and analysis of adequate literature. Within the initial phase 
of the research, the emphasis was on collecting and analysing the literature data 
in the field of research and establishing the data necessary for the complete imple-
mentation of the experiment of obtaining clay blocks with a share of waste glass. 

Phase 2 – making glass powder. Second phase implies optimisation of the process 
for obtaining glass recycled powder in the form of powder and testing the granu-
lometric composition of glass recyclates in the form of powder. In order to obtain 
information about granulometric composition of glass recycled powder, from waste 
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packaging glass, the following was done: collection of representative samples 
of waste packaging glass; preparation of samples and milling bodies (washing, 
weight measurement, rough grinding); grinding of samples in a semi-industrial 
mill; granulometric separation of the powder obtained from the mechanical sew-
age sludge (a series of sieves were used according to Tyler scale, with a geometric 
progression factor of 21/2 and a basic sieve of 200 mixtures); statistical and graphical 
processing of the obtained results; determination of the optimum grinding time 
and the ratio of the glass mass/mass of the recessed bodies to obtain fractions of 
a suitable size for the block production.

Phase 3 – obtaining experimental samples. Third phase refers to obtaining experi-
mental samples of blocks with 10% by mass of waste glass. The glass powder was 
mixed with clay to obtain a homogeneous raw material, and after that, the follow-
ing was performed: extruded, drying and firing the samples, as shown in Fig. 2.

Fig. 2. Preparing samples of clay block with 10% by mass of waste glass for testing

Phase 4 – testing. Phase 4 included testing properties of obtained samples. In order 
for clay blocks to be released into the market, the blocks properties were tested 
according to the valid standards in Serbia: SRPS B.D1.015, SRPS B.D1.030 and 
SRPS B.D8.011 (Ref. 21). For the purpose of checking the quality of the obtained 
samples and checking that with conditions defined by these standards, the geometric 
and physical-mechanical properties of the samples were examined. The main prop-
erties according to this standard are Water absorption and Compressive strength. 
Water must be higher than 6% and Compressive strength between 5 and 20 MPa.

Phase 5 – MFA model. The use of Material flow analysis (MFA) will be two folded. 
Firstly, to identify the waste glass packaging flows within the system boundaries, 
regarding to analysis the waste glass packaging flow within the waste manage-
ment system in Serbia. Secondly, MFA will be used to assess the amounts of waste 
glass flows and stocks that are collected, recycled and disposed in the landfills in 
Serbia. Software for MFA modelling used in this paper is STAN. STAN is using 
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three types of equations to describe the complete material system in a mathemati-
cal way: mass conservation equations, linear relation equations and concentration 
equations22,23. Using the STAN software, the model and scenario was developed 
that will show the determined quantities of waste glass packaging which would 
be deposited at the landfill in Novi Sad and the potential amount of glass recycled 
glass that would be used as a secondary raw material for the production of clay 
blocks. All the mentioned processes are connected by the corresponding flows 
and are shown in Fig. 3.

Fig. 3. MFA model flows of waste glass packaging in order to be used in block production

According to the projection of municipal waste production for Serbia by 
2020, the total annual amount of waste will be 3375 000 t (Ref. 20). Based on 
morphological composition of municipal waste, waste glass occupies 5.44% (Ref. 
20), which points that in Serbia 183 600 t of waste glass is produced annually. 
Considering that, according to the official data of the Environmental Protection 
Agency in Serbia, the current recycling rate in Serbia is 30% while the remaining 
73 440 t are deposited. In order to that, the annual amount of 73 440 t of waste 
glass will be used in the MFA model.

RESULTS AND DISCUSSION

In accordance with SRPSB.D1.0151 (Ref. 21), volume mass, measuring water 
absorption and compressive strength are carried out on 5 sample blocks with 
10% by mass of glass recyclate. As relevant, the average value of volume mass, 
water absorption and compressive strength for samples is taken. After testing 
water absorption for samples, and before testing the compressive strength of the 


