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Abstract: The priority of modern business systems of municipal waste management is recycling of waste materials while the imperative of their mission is determined by the 
degree of digital transformation which enables their reproduction, distribution, usage, and storage of information in digital form, as well as new ways of digital communication with 
the general public. In this paper the focus is on examining the information practices and digital perspectives of municipal waste recycling service providers in Europe. The goal of 
this paper was to detect information concepts relevant for establishing the degree of their digital maturity. Five data classes were created for the purpose of content analysis 
method to conduct research on practices on digital communication channels in seven countries to evaluate their availability and accuracy. The designed information model defines 
a unique conceptual framework of the digital communication information set of the municipal waste recycling service providers. 
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1 INTRODUCTION 
 

Digital media and technologies play a key role in shaping 
society’s perception of waste management. [1] They have the 
ability to influence public opinion and change public 
awareness, making it a powerful tool which can persuade the 
public to take action. [2] In this paper, by applying the 
research method of content analysis, it is considered and 
determined how utility companies communicate the waste 
recycling message to the public. Waste management is 
certainly one of the most important issues of civilization, but 
also an increasingly important economic issue, especially in 
the sense of conservation of natural resources and 
management of environmental protection costs. [3, 4] The 
priority in modern waste management systems is the 
recycling of waste materials. Most European countries have 
implemented regulations in their legislation that aim to 
reduce the amount of municipal waste and increase the 
amount of usable waste. 
 
1.1 Material Recycling of Municipal Waste 
 

According to the Law on Sustainable Waste 
Management (Article 4, para. 35), the term waste is any 
substance or object that the holder discards, intends or must 
discard. Waste is also considered to be any object and 
substance whose collection, transport or treatment is 
necessary for the purpose of protecting the public interest. [5] 

Municipal waste is just one of the types of waste that 
requires enormous efforts in researching technologies 
(material, energy, chemical recycling), access and 
information, in order to drastically reduce the share of its 
production. However, much can be done by an individual, so 
through informing it is possible to acquire new knowledge 
and aid technology in reducing waste production. Materials 
recovery (recycling) is just one of the ways in which a new 
purpose is given to municipal waste either through the 
production of new products, compost, or biofuels.  

Waste recovery is defined by the Law on Sustainable 
Waste Management (Article 4, para. 34) as "any operation 
whose main result is the use of waste for useful purposes 

when waste replaces other materials which should otherwise 
be used for that purpose or waste prepared to meet that 
purpose, in the factory or in a broader economic sense". [5] 

Hrnjak-Murgić [6] distinguishes three types of recovery: 
Energy recovery, Chemical recovery and Material recovery. 

Energy recovery or energy recycling essentially means 
the incineration of waste, which is the process of exposing 
waste to heat, resulting in the release of heat and the products 
of complete or incomplete combustion. The released heat can 
be used to heat water or to produce electricity in power 
plants. In this type of waste treatment, it is extremely 
important to pay attention to the controls of the combustion 
process and the substances that go into the air and water. [6] 

Chemical recovery, chemical recycling or chemical 
reclamation is the process of converting waste into a raw 
material in which molecular changes, changes in the shape 
and function of the primary product occur. This type of waste 
recovery requires prior preparation (such as cleaning, 
sterilization, etc.), which is why the costs of this type of 
recovery are extremely high, and to make the approach more 
economical, large quantities and an organized waste 
collection system are needed. [6] 

Material recovery of waste is defined by The Law on 
Sustainable Waste Management (Article 4, para. 20) as “any 
recovery process that does not include energy recovery and 
processing into materials to be used as fuel”. This method of 
waste treatment is the best known and simplest form, and the 
purpose is to reduce the use of natural resources, reduce the 
production of new waste and protect the environment. The 
terms material reclamation or material recycling are often 
used for material recovery. [5] 

As a general rule, in this type of recovery the waste goes 
through a treatment process, and in the end the result is a new 
product or the basis for a new product. 

Municipal waste can be found at practically every step of 
modern society and presents one of the main problems, which 
is why it is extremely important to bring closer and simplify 
information approaches to the extent where examples of good 
practice in municipal waste management are understandable 
to all ages through the availability of information through 



Ljerka Luić, Krešimir Labura: Information Practices and Digital Perspectives of Municipal Waste Recovery Providers in Europe 

TEHNIČKI GLASNIK 15, 3(2021), 392-400                               393 

websites, social networks and other communication 
channels, especially digital ones. [7, 8]  

 
1.2 Digital Communication 
 

Digital communication greatly helps to establish and 
maintain communication between a business organization 
and its public and enables fast access to data and transmission 
of relevant information to the target public. [9] 

More recently, the term digital is gaining a meaning that 
refers not only to the technological aspect, but also to a new 
way of communication and culture of society. [10] 

The construction of a global information infrastructure 
has led to the globalization of information systems, which is 
reflected in the use of computers in everyday life and work, 
communication using computers and an increasing amount 
of available information. All this leads to the competitiveness 
of media content producers and their constant adaptation to 
new conditions and needs of users. The content produced 
nowadays are mainly created in digital form, and those 
created in analogue form are also transferred to digital form 
and are further processed, distributed, and stored digitally. 
[11] 

Technological development has brought changes in all 
areas of people's lives, including communications. The fact 
is that technology has changed the way information is 
accessed and the way we communicate. [12] With the 
emergence of the Internet, communication takes on a new 
dimension, becoming two-way, while allowing each 
participant to be a user (consumer) and / or content creator. 

According to Tomić, "Digital communication is a way of 
connecting, sharing, and exchanging information between 
people via the Internet or connected devices using one of the 
communication tools such as e-mail, forums, chats, instant 
messages, blogs, websites, and contact forms on them and, 
more recently, social networks and services". [13] 

What distinguishes digital communication from previous 
modes of communication is virtuality, mobility, high 
interactivity, high connectivity, multimediality and new 
media. [14, 15] The basic characteristic of digital 
communication is the fact that we receive, or send, 
information now and receive real-time feedback. 

"Croatia must take the necessary measures to increase 
preparation for the reuse and recycling of municipal waste to 
at least 50% by 2025, 55% by 2030 and 60% by 2035." [16] 
In addition to the state, local government units and citizens, 
utilities companies in particular have a major role to play in 
achieving these goals. Waste management and informing the 
public how to properly recycle is of great importance for the 
sustainable development of society, where digital 
technologies and digital forms of communication can 
significantly contribute to achieving the goals related to 
waste reduction. [17] 
 
1.3 Information Practices and Digital Communication 

Perspectives of Material Recovery of Municipal Waste 
 

The research part of this paper is an interdisciplinary 
symbiosis of ecology, mechanical engineering, information 
science and communications studies, which is evident from 
the matrix of observed data shown in Tab.1. 

The field of mechanical engineering is represented in a 
deliberate sample consisting of business entities whose 
production takes place primarily in the field of mechanical 
engineering. The field of ecology is also represented in a 
deliberate sample of companies whose activity is the material 
recovery of municipal waste, while the part related to the 
field of information and communication sciences is 
represented through research of digital communications and 
analysis of available data on social networks, applications, 
and digital platforms for each individual business entity. 

The analysis was conducted by first defining the data 
classes to be researched, and then the main categories of 
digital communication channels, shown in columns in Tab. 
1, which make up social networks, applications, and 
platforms. Data significant for business entities whose 
activity is the material recovery of municipal waste are listed 
in the rows of Tab. 1. 
 

Table 1 Research data analysis matrix 

 
 

As can be seen from Tab. 1, the initial row of the analysis 
matrix is defined by the name Digital Communication 
Channels and contains fields for entering the results of 
available data via the Internet for each individual business 
entity, in the following order: 
• Business entity's website 
• YouTube 
• Twitter 
• Facebook 
• Instagram 
• LinkedIn 
• Other. 

 
The initial column is defined by the name Data class and 

the following categories: 
• Availability Check 
• Amount of waste 
• Input material 
• Amount of incoming material 
• Manufacturing check 
• Amount of output product 
• Informing users. 
 
2 METHODOLOGY 
 

The research was conducted on a sample of business 
entities whose activity is the material recovery of municipal 
waste, provided that the same entities manufacture at least 
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one product or semi-product. Furthermore, the selection of 
business entities was followed by an analysis of the data 
based on the verification of each individual data category 
listed in the matrix column shown in Tab. 1 under the Data 
Class category. The research was conducted by the method 
of digital content analysis during the 4th quarter of 2019. In 
addition to Croatia and the neighbouring country of Bosnia 
and Herzegovina, the analysis was conducted on 5 other 
European Union countries. The criterion for selecting the 
European Union country was the percentage of the amount 
of recycled municipal waste, from the best to the worst result. 
According to Eurostat data, shown in Tab. 2 [18], it can be 
seen that the following countries have the highest rate of 
municipal waste recycling: 
 

Table 2 Eurostat data on percentages of recycled municipal waste 

 
 

Based on the analysis of relevant sources, it was 
concluded that only one type of municipal waste should be 
processed. Recognizing environmental trends and related 
digital communication, the research is focused on the 
analysis of plastic waste. 

According to the "ENF Recycling" register [19], in the 
category of plants for the processing of plastics from 
municipal waste, there are the following number of business 
entities that materially recover waste: 
1) Germany -138 business entities [20] 
2) Slovenia - 4 business entities [21] 
3) Austria - 14 business entities [22] 
4) Netherlands - 30 business entities [23] 
5) Belgium - 10 business entities. [24] 

 
Finally, up to five business entities whose activity is the 

processing of plastics from municipal waste were randomly 
selected for each of the countries. Consequently, the subject 
of the research was to investigate the application of digital 
communication channels in utility companies whose activity 
is the material recovery of municipal waste. The aim of this 
paper is to determine the degree of availability of information 
in these companies through available digital communication 
channels, based on which the hypothesis is set which claims 
that the level of digital communication of utility companies 
in Croatia is lower than the level of digital communication of 
utility companies in the observed countries. 
 
3 RESULTS 
 

Data analysis was performed on information objects of 
the Data Class category, shown in Tab. 1, according to the 
following validation elements: 

• Availability check - analysis of this data implies the 
existence of a specific communication channel. If the 
result of the analysis was negative for a particular 
communication channel, it means that it does not even 
exist, which is why the other observed segment is also 
negative. 

• Amount of waste - analysis of availability of data 
related to the amount of treated waste expressed in tons 
per year for each digital communication channel. 

• Input material - analysis of this data means determining 
the availability of data on input raw materials for each 
individual digital communication channel. In case of a 
positive result of the analysis, an additional analysis of 
the amount of input raw materials was performed. 

• Amount of incoming material - in the case where the 
Input material feature is confirmed, the quantity of input 
raw materials is analysed. This category is divided into 
three subcategories which define the data on the amount 
of input raw materials listed on each communication 
channel. The subcategories are defined as follows: One, 
Two, Three or more input raw materials. 

• Manufacturing check - the analysis of this data 
determines the availability of data on the production of 
a new product. If the result of the analysis is positive, the 
next step is to determine the available data on the 
Amount of output product. 

• Amount of output product - concerning criteria, the 
category is the same as the Amount of incoming 
material, with the difference of another target source of 
observation. Therefore, if the result of the 
Manufacturing check analysis is positive, the quantity of 
raw materials is investigated. This category is divided 
into three subcategories which are defined as follows: 
One, Two, Three or more output products. 

• Informing users - the analysis of this category 
determines the availability of data whose purpose is to 
inform users as a form of a wide range positive practice, 
from informing in the field of general knowledge to 
detailed technical data. 
 
The criteria for the minimum evaluation of data are 

defined depending on the purpose of each segment from the 
category Digital communication channels: 
• YouTube – accepted cases are the ones in which the 

business entity is described by a third party, but with all 
the details related to the business entity. For example, a 
report by a TV company about a business entity with a 
conversation between representatives. 

• Twitter – keywords that include details of the name of 
the business entity during which it can be 
unambiguously determined to be the same are evaluated. 

• Facebook – the available information is evaluated 
regardless of the form (personal profile or page) with an 
emphasis on the possibility of unambiguously 
determining the details of the business entity.  

• Instagram – company profiles or posts described by a 
third party that could unambiguously establish a link 
between the business entity and the topic of this paper 
were evaluated. 

• LinkedIn – given the possibilities and purpose of the 
social network, the results of the analysis which were 
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allegations of the individual in which they have a 
connection with the business entity were excluded. 

• Other – in this category, the available data of video 
recordings were observed (for example, Vimeo 
recordings for business entities and their content). 
 
It is important to emphasize that this approach analysed 

the availability of data via the Internet and in the case of a 
negative result does not necessarily mean that the same data 
does not exist somewhere, but only that for analysis purposes 
it was not available within the observed criteria. 

The following subchapters present the results of the 
analysis for business entities whose nature of business is the 
material recovery of municipal waste. 
 
3.1 Croatia 
 

The analysis on the example of Croatia was performed 
on four available business entities. Tab. 3 shows that in 
Croatia Twitter, Instagram and LinkedIn are not used as a 
means of information by business entities, while websites 
(75%), YouTube (25%), Facebook (25%) and Other (25%) 
are used.  
 

Table 3 Results of data analysis for Croatia 

 
 

 
Figure 1 Graphic representation of the analysis results for Croatia 

 

According to the graph shown in Fig. 1, it can be seen 
that in Croatia business entities most often use the web as a 
digital communication channel. However, in addition to 
being the most common, the web is also the most detailed 
source of information, so information on the Input material 
and its Amount, on Manufacturing and Amount of output 
product and Informing users is available on it. Data on 
Amount of output product is available on YouTube, which 
confirms the Manufacturing check. Only the data on the 
Amount of output product is visible on Facebook, which 
confirms the Manufacturing check. 
 
3.2 Bosnia and Herzegovina 
 

In Bosnia and Herzegovina, only one business entity was 
available and its available data were analysed. Tab. 4 shows 
that only websites (100%) and YouTube (100%) were used 
to inform users, while other communication channels did not 
give positive results. Although this is 100% data availability, 
it is important to emphasize that this is a small number of 
samples (1 business facility). Since this is a single business 
entity, the results are presented and analysed only in tabular 
form. 

Table 4 Results of data analysis for Bosnia and Herzegovina

 
 

The website displays details on the Amount of processed 
waste, Input material and its Amount, confirmed 
Manufacturing through the Amount of three or more output 
products and Informing users is available. Unlike the 
business entity's website, YouTube does not define data on 
the Amount of processed waste, and there is a difference in 
the result of the Amount of output product.  

The analysis of YouTube could lead to results from One 
output product, while the results on the website point to 
Three or more output products. As in the example of the 
website, data on Input raw materials and Amounts are 
available on YouTube, Manufacturing check is confirmed by 
the Amount of output Product, and Informing users is 
available. 
 
3.3 Germany 
 

The analysis of Germany was done on a sample of five 
randomly selected business entities. Tab. 5 shows that the 
analysed data are available through almost all digital 
communication channels in the following order: websites 
(100%), LinkedIn (80%), YouTube and Twitter (60%), 
Facebook (40%) and Instagram (20%). Other digital channels 
do not have data available. 
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Table 5 Results of data analysis for Germany 

 
 

The results of the Availability Check give a positive 
impression of the availability of data on digital 
communication channels on the example of Germany 
because almost all channels are represented. 

Regardless of the positive result in the category 
Availability Check, a closer inspection of certain categories 
of available data shows a low number of positive results. The 
example of LinkedIn, and then Instagram, shows that apart 
from the positive result of Availability, other data do not even 
exist. 

Thus, these two communication channels do not contain 
the other observed data. Available data on the Amount of 
incoming raw material show that Three or more input raw 
material are most often listed on websites and YouTube 
(60%). The Amount of output product varies in relation to the 
observed subcategory, which can be seen from Tab. 5. 
 

 
Figure 2 Graphic representation of the analysis results for Croatia 

 
According to the graph shown in Fig. 2, it can be seen 

that business entities most often select the website and 
YouTube as a digital communication channel. Nevertheless, 
the website provides all the analysed data, with better 
availability compared to YouTube. The results of the analysis 
for Facebook and Twitter indicate that these communication 

channels are available, but to a lesser extent compared to the 
web and YouTube. 
 
3.4 Slovenia 
 

The analysis for Slovenia was performed on a sample of 
four randomly selected business entities. Tab. 6 shows that 
when analysing data for business entities in Slovenia, they 
were available on most digital communication channels, in 
order of percentage: websites (100%), YouTube (50%), and 
Twitter, Instagram and LinkedIn (25%). Facebook and Other 
did not have a positive result. 

 
Table 6 Results of data analysis for Slovenia 

 
 

 
Figure 3 Graphic representation of the analysis results for Slovenia 

 
 According to the graph shown in Fig. 3, it can be seen 
that businesses most often use web pages. Given that all 
categories of data are present with an extremely high result 
of the availability of the website, they are also the most 
detailed form of information. Also, it can be seen that 
YouTube and Twitter are present as sources of Available 
data, but to a much lesser extent compared to websites. 
 
 
 



Ljerka Luić, Krešimir Labura: Information Practices and Digital Perspectives of Municipal Waste Recovery Providers in Europe 

TEHNIČKI GLASNIK 15, 3(2021), 392-400                               397 

3.5 Austria 
 
 The analysis of data availability for Austria was made on 
a sample of five business entities randomly selected from the 
register. Tab. 7 shows that the results of the data availability 
analysis are positive in the case of the website (100%), 
YouTube (60%), Twitter and Facebook (20%). Instagram, 
LinkedIn and Other digital communication channels did not 
have a positive result. 
 

Table 7 Results of data analysis for Austria 

 
 

 
Figure 4 Graphic representation of the analysis results for Austria 

 
According to the graph shown in Fig. 4, it can be seen 

that businesses in Austria most often choose websites as a 
source of information, and the Data availability on the 
websites of businesses is also the most detailed. Visible from 
the graph, and with reference to YouTube as a digital 
communication channel, only the lack of availability of data 
from the category of Informing users and Amount of output 
product can be noticed. Twitter and Facebook have equal 
analysis results with a lack of availability of Informing users 
data. 
 
 

3.6 The Netherlands 
 

The analysis of data availability for the Netherlands was 
made on a sample of five business entities randomly selected 
from the register. Tab. 8 shows the results of the analysis of 
data availability on digital communication channels, namely 
websites (100%), YouTube and LinkedIn (60%), Twitter and 
Others (40%), and Facebook (20%). The results of the 
analysis show that there were no positive results on 
Instagram within the observed criteria. 

 
Table 8 Results of data analysis for the Netherlands 

 
 

 
Figure 5 Graphic representation of the analysis results for the Netherlands 

 
According to the graph shown in Fig. 5, it can be seen 

that for Twitter the results of the analysis are available in only 
one category, and that is for Availability check without 
additional results. The example of business entities from the 
Netherlands shows that websites are the main digital 
communication channel both in terms of the level of results 
and in terms of representation by category. The YouTube 
availability results shown in Chart 9 indicate the availability 
of this digital communication channel in all categories, but in 
a slightly lower score compared to web pages. Facebook, 
Instagram and Other have equal representation by category, 
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with the exception that only in the case of Facebook, the 
analysis of the availability of the Amount of output product 
was positive with a result of 20%. 
 
3.7 Belgium 
 

The data availability analysis for Belgium was made on 
a sample of two business entities randomly selected from the 
register. Tab. 9 shows positive results of the analysis in 
almost all categories of observed available data, except in the 
category Other, in order: websites, YouTube, Facebook, 
LinkedIn with 100%, and Twitter and Instagram with 50%. 
 

Table 9 Results of data analysis for Belgium

 
 

 
Figure 6 Graphic representation of the analysis results for Belgium 

 
Businesses in Belgium mostly use websites as a source 

of Availability check of data, both by category and by detail. 
On the example of business entities from Belgium, it is 
interesting to see the increase in available data on LinkedIn, 
especially in the case of Input material and its Amount and 
Manufacturing check and results of the Amount of output 
product. 
 
 

3.8 Comparative Overview of Researched European 
Countries 

 
Results of the analysis of the Availability check data on 

the websites of business entities with regard to high results 
indicate that business entities most often opt for this type of 
digital communication. 

 

 
Figure 7 Graphic representation of results for web pages by country 

 
4 DISCUSSION 
 

Website results show that Croatia has the worst result in 
the categories: Availability check, Amount of waste, Input 
material, Manufacturing check. In the category of Informing 
users, Croatia is in third place behind Bosnia and 
Herzegovina and Belgium. 

The results of the analysis for YouTube show that 
Croatia is the worst in the categories: Availability check, 
Input material, Informing users. For the Amount of waste 
category, it is in second place behind Belgium, while for the 
Manufacturing check category, it shares the lowest score 
with Slovenia. 

There is no data available for Twitter for Croatia, which 
makes it the worst positioned compared to other countries in 
all observed categories. 

The results of the analysis for Facebook show that 
Croatia does not have positive results in data availability for 
the categories: Amount of waste, Input material and 
Informing users. Nevertheless, Croatia has the best result in 
the Manufacturing check category and the third result in the 
Availability check category behind Belgium and Germany. 

The results of the analysis of Instagram as a digital 
communication channel show that there is no data available 
for Croatia and it shares the same result with Bosnia and 
Herzegovina, Austria and the Netherlands. Belgium, 
Slovenia and Germany have a better result compared to 
Croatia. 

For LinkedIn, there is no data available neither for 
Croatia, nor for Bosnia and Herzegovina, which is why they 
share the worst result through all of the observed categories. 

Insight into the results through 6 categories shows that in 
6 digital communication channels Croatia has the worst 
result, which confirms the hypothesis of this. 
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5 CONCLUSION 
 

Waste, especially municipal waste, is a problem of 
modern civilization living in the digital age. Therefore, it is 
tentatively possible to assume that the use of digital 
communication channels can influence the environmental 
awareness of all stakeholders in the process of its material 
recovery, because digital communication channels allow 
rapid exchange of information on innovative communication 
approaches and technological solutions. 

The results of the research suggest that the huge potential 
of currently available digital communication channels has 
been neglected, with the exception of the website. Achieving 
better availability of data on the material recovery of 
municipal waste is possible through the LinkedIn platform, 
which enables communication between business operators 
and users.  

In addition to websites and LinkedIn, it is necessary to 
use the opportunities provided by other social networks, 
which is why it is necessary to work on increasing the use of 
Facebook, YouTube, Twitter, and Instagram by business 
entities whose activity is material recovery of municipal 
waste in all observed countries. 

During the research, the problem of defining a set of 
information that is necessary to convey to the public was 
noticed, as well as the problem of detecting a set of feedback 
information from the public. Whether these sets of 
information correlate, whether data classes correlate with the 
type of digital channel, how to structure them into a standard 
information model – these are research questions relevant for 
further research with the purpose of designing a unique 
conceptual framework for a digital communication 
information set of a municipal waste material recovery 
service provider. In this sense, this paper represents an 
initiative step that can be further developed by creating 
additional data classes which do not appear in any of the 
existing information models that would include a statistically 
significant sample. 
 
Notice 
 

The paper was presented at MOTSP 2021 – 12th 
International Conference Management of Technology – Step 
to Sustainable Production, which took place in Poreč/ 
Porenzo, Istria (Croatia), on September 8‒10, 2021. The 
paper will not be published anywhere else. 
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