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Abstract

The European Union aims to recycle 60% of its total waste by 2030, for which waste collection infrastructure and the
source-separation behaviour of waste producers are among the crucial prerequisites. Proper source separation increases
the chances of waste getting recycled. For this, identifying the key drivers influencing the source separation behaviour is
crucial. The present study identified 12 drivers for each non-demographic and demographic category from 43 scientific
publications and calculated their relative importance based on the perceptions of three groups: (i) the expert group,
(ii) the population group from Leoben (Austria), and (iii) population group from Barcelona (Spain). Using the pairwise
comparison matrix of the Analytical Hierarchy Process, weights were calculated based on the relative importance of the
drivers. From the non-demographic category, ‘Beliefs and values, ‘Environmental concern) and ‘Habits’ were rated as
most important, while from the demographic category, ‘Level of education’and ‘Location’ had the highest importance.
The results were discussed in terms of biodegradable plastic waste.

Article Highlights

e 24 drivers (12 non-demographic and demographic, each) motivating source separation behaviour were identified by
examining 43 papers.

e One expert group and two population groups ranked these drivers based on their perceived importance.

e The results were discussed in terms of improving the source separation of biodegradable plastic waste.
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1 Introduction

The European Union (EU) aims to maximise the value of products by setting a target to ensure that at least 60% (by
weight) of all waste generated is recycled and prepared for reuse [1]. As of 2020, about 2.3 billion tonnes of total waste
was produced in the EU, out of which 39.2% was reported to be recycled [2]. To attain the set recycling targets, the
waste must be properly collected [3]. Along with the appropriate infrastructure, optimal source segregation behaviour
is crucial for proper waste collection [4], as ‘separate collection’ was one of the factors which influenced the quality as
well as the quantity of household waste [5]. In other words, with proper segregation of waste at source, the chances of it
being recycled are greatly increased [6]. Thus, waste producers, who are persons whose activities lead to the generation
of waste, are one of the key stakeholders in waste recycling [7, 8].

Identifying key drivers influencing the source separation behaviour of waste producers has been the focus of numer-
ous qualitative studies. For instance, Kirakozian [9] and Wadehra and Mishra [10] concluded that infrastructure, payment
systems, information-based instruments, and incentives are some of the key influencing drivers for proper segregation
behaviour at the source. On the other hand, the available recycling infrastructure and ease of use were reported as
influential drivers by [11-13]. Furthermore, [14-16] stated that socio-demographic drivers like income, education, age,
and size of the household affect the source separation behaviour. Rogowska et al. [6] found that the waste producers
were influenced to source-separate out of their environmental concerns. Lastly, Knickmeyer [3] presented different
demographic (D) and non-demographic (ND) drivers motivating the source separation behaviour or waste producers.
Nonetheless, these studies failed to demonstrate the relative importance of key drivers with respect to one another. In
other words, there was no information on the weighting of drivers based on their relative importance. This knowledge
of their relative importance would help decision-makers to prioritise certain aspects over others in order to facilitate
source separation of certain types of waste.

The Analytical Hierarchy Process (AHP) is a multicriteria decision analysis method, which can be used to obtain the
relative importance between the key motivating drivers for source separation behaviour. In this process, the problem is
broken down into more manageable pieces, and a hierarchy of options is provided, ranking them from the most preferred
to the least preferred option [17, 18]. Pairwise comparison is an important part of AHP and is used to add weighting to the
identified criteria [18-20]. Thus, using this method the relative importance between the drivers can be calculated in the
form of criteria weights, which can be used by the decision-makers aiming to improve the source separation behaviour.

This paper aims to identify the key drivers which influence the source separation behaviour of waste producers based
on the existing scientific literature and understanding their relative importance concerning one another. The devel-
oped research question was:‘What is the relative importance of the key motivating drivers influencing the source separation
behaviour of the waste producers? Thus, in this paper, the key drivers (demographic and non-demographic) identified in
the literature were weighted using a pairwise comparison matrix based on the perceptions of three groups: (i) a group
of experts; (ii) a population group from Leoben, Austria; and (i) a population group from Barcelona, Spain. The results
were compared to identify the similarities (and differences) between the perceptions of these three groups. Knowledge
of this relative importance between the identified major influencing drivers for source separation (from both experts’
and waste producers’ points of view) will be useful to the decision-makers while developing strategies for improving the
source separation of waste and waste management.

2 Methodology

This section explains the methodology followed to identify the major drivers, develop and conduct the surveys, and
process the rankings.

2.1 Identifying the major drivers

To identify the major drivers influencing the source separation behaviour of waste producers, a literature review was con-
ducted (in English and German) via Google Scholar and the online library of the University of Leoben. The following keywords
were used: ‘waste separation; ‘factors for waste separation; ‘influences on waste sorting; ‘waste sorting behaviour; ‘Einfiiisse
auf das Abfalltrennverhalten’ (Influences on waste separation behaviour), and ‘Einfliisse Abfalltrennung’ (Influences Waste
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Separation), amongst others were used. This resulted in a shortlisting of 43 papers. The identified drivers were categorized
as ND and D drivers. ND drivers include technical, organisational, and psychological drivers, whereas D drivers include infor-
mation about the waste producer and describe the environment in which the studies were executed [15, 21, 22].

2.2 Obtaining the rankings

A data triangulation approach, which uses two or more sources of data within the study [23, 24], was used to gauge the
relative importance of the key drivers influencing the source separation behaviour of the waste producers, based on
the input from three population groups: (i) a group of experts in the field; (ii) a population group in Leoben, Austria; and
(i) a population group in Barcelona, Spain. The identified drivers were subjected to the ranking process by the three
population groups; in this way, data was obtained from three different sources. This method of data triangulation aimed
to understand if there was a consensus between the three groups and if not, how the results differed; thus, enabling the
production of a comprehensible set of observations [25]. In other words, gathering responses from both the experts
and population group helped in recognising whether the general population’s perceived importance of certain drivers
matched with the experts’ opinion. The same method (i.e., survey questionnaire) was used for gathering responses from
the three groups.

2.2.1 Building the survey

A survey was designed to record the perceived ranking of the drivers by the three population groups. The expert group
was contacted by emailing the survey in the form of a Microsoft Word document (Appendix A), while the survey was
presented as Google Forms (Appendix B) to the two population groups. However, in both cases, the survey format was
kept identical.

The survey began with a short introduction to the study explaining the reason for conducting the survey, briefly
mentioning how the 24 drivers were identified from the literature review, how will the survey results (their responses)
will be used, and thanking the respondents for their participation. This was followed by a detailed explanation of the
ranking process. First, respondents were asked to rank the drivers within their category (i.e. ND and D) according to
their importance. Second, respondents were asked to indicate the percentage of influence each category (ND and D)
had on waste sorting behaviour (e.g. 60% ND drivers and 40% D drivers). Each of the 24 drivers was elaborated on in the
annexure to help the respondents understand what they are ranking. The survey ended by allowing the respondents to
share any comments or suggestions.

2.2.2 Inviting responses from the group of experts

Experts in waste management, sustainability, sociology, and behavioural studies were selected through personal contacts
of the authors and online research. The experts were contacted via emails requesting their participation, where they
explained the purpose of the study and how they should respond to the survey. A total of 18 experts were approached,
of which eight responded and correctly completed the survey.

2.2.3 Collecting responses from the population groups in Leoben and Barcelona

As a part of the triangulation method, the same factors were ranked by the participants from Barcelona and Leoben. The
citizens from both cities were contacted through personal connections, WhatsApp groups, and in the case of Barcelona,
through various Facebook groups as well; thus, including a diverse group of people in the study. A total of 45 people took
part in the survey in Leoben and 44 in Barcelona. Obtaining the rankings from the population group was important as
they mainly represent the general waste producer. Thus, allowing a comparison of the perceptions of the two popula-
tion groups with those of the experts group. The surveys were available in English, German, and Spanish (Appendix B).

2.3 Processing the rankings
The survey responses from the three population groups were processed using a pairwise comparison matrix, wherein

the three respective rankings for the identified drivers were obtained. The two population groups and one survey group
were selected for triangulation.
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Table 1 Constructing a matrix D1 D2 D3 D4 D5 Dn
of the differences between
mean ranks of the twelve DI mDI-mD1=0 mD1-mD2 mD1-mD3 mD1-mD4 mD1-mD5
drivers D2  mD2-mD1 mD2-mD2=0 mD2-mD3 mD2-mD4 mD2-mD5

D3  mD3-mD1 mD3-mD2 mD3-mD3=0 mD3-mD4 mD3-mD5

D4  mD4-mD1 mD4-mD2 mD4-mD3 mD4-mD4=0 mD4-mD5

D5 mD5-mD1 mD5-mD2 mD5-mD3 mD5-mD4 mD5-mD5=0

Dn mDn-mDn=0

The diagonal values of the matrix result to zero
D driver, mD mean rank of the driver, n=12

Table 2 Used pairwise

) Ratio Relative importance between two criteria A and B
comparison scale to compare
the drivers [18] 1 A and B are of equal importance
3 Ais considered moderately more important than B
5 A'is significantly more important than B
7 A is much more important than B
9 Ais absolutely more important than B
2,4,6,8 Intermediate value of importance
1/3,1/5,1/7,1/9 Values of inverse comparison

The detailed theory and calculations are explained in the widely available literature [18-20, 26, 27]. In the present
paper, the calculation of the pairwise comparison matrix was conducted using Microsoft Excel, where the following 5
steps were followed. The data were processed separately for the three population groups and the two categories (ND
and D); thus, the following steps were repeated 6 times.

2.3.1 Calculating the mean ranks of the drivers and developing a matrix of the differences between the mean ranks

The first step was to calculate the statistical parameters of mean and variance for the obtained survey responses. This
calculated mean value was further used in developing the pairwise comparison matrix, explained in the subsequent sec-
tion. Subsequently, a pairwise comparison matrix was developed using the previously calculated mean of the rankings
for each group and category. The matrix values were calculated by subtracting the mean value of one driver from the
other, which is explained in Table 1. As the order of the drivers in the row is the same as those in the column, the values
of the diagonal of the matrices are 0.

2.3.2 Developing the pairwise comparison matrix and calculating criteria weights

The calculated differences between the mean rank of the drivers (Table 1) are converted to the scale of pairwise com-
parison based on their relative importance (Table 2).

If the difference between the mean ranks of driver 1 and driver 2 is less than zero, then the resultant matrix element is
obtained as the absolute value of this difference plus 1 (added to have a non-zero value of a diagonal element). On the
other hand, in case the difference between the mean ranks is greater than zero, then the matrix element (ratio) is calcu-
lated as a reciprocal of the absolute value of this difference plus 1. In both cases, the maximum value of the difference
in mean ranks will be limited to 9, which stands for the highest possible value of relative importance (‘ratio’ column in
Table 2). The value of the diagonal elements is 1, which stands for equal importance (Table 2), whereas the values below
and above the diagonal are reciprocals. These calculations were conducted in Microsoft Excel using Eq. 1 for the ease of
reproducing the results.

IF((driver, — driver,) < 0; MIN(9; ABS (driver, — driver,) + 1;1/MIN(9; ABS (driver, — driver,) + 1) 1)
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Thus, the pairwise comparison matrix is constructed by converting the differences between the mean ranks of two
drivers into the scale presented in Table 2.

This resultant matrix is then normalised by dividing each matrix element by the sum of the respective column. Criteria
weights for each driver are then calculated by taking a mean of these elements of the normalised pairwise comparison
matrix. Criteria weights are also referred to as the priority vector, as it shows the relative priority of the criteria when
measured against the ratio scale [18]. After the calculation, each driver will have its weight (i.e. value of importance). The
sum of all these values will equal to 1.

2.3.3 Checking for consistency

The final step is to check the consistency of the pairwise comparison matrix; in other words, the pairwise comparison
matrix should respect the reciprocity and transitivity rules [26, 27]. The comparison matrix is deemed as reciprocal when
the value of all the diagonal elements is 1 and the values of their superior part is a reciprocal of the inferior part [27]. The
matrix is consistent if the consistency ratio (C.R.), which is the ratio of the consistency index (C.l.) to the random index
(R.L), is less than 0.1 [18, 20]. R.l. is the random index which is selected based on the matrix size [26]. Then, the C.I. can
be calculated using Equation 2 as a function of A,,,, (mean of the average consistency of the matrix) and the number of
criteria (number of drivers):

max (

Amax — N
Cl.= "% — (2)
n—1
where, 4, is the maximum eigenvalue of matrix A; A= (a;),.,., is a pairwise comparison matrix; n is the number of criteria
ordrivers (n=3,i,j=1,2,...,n).

3 Results
3.1 ldentified drivers

After examining the 43 shortlisted scientific papers, a total of 24 drivers were identified which influenced the source
separation behaviour of a waste producer, which were created as they became apparent in the studied literature. In
other words, these drivers were selected based on their repeated occurrences in the selected literature. Of these 24
drivers, 12 were identified as non-demographic and demographic, each. Table 3 presents these drivers with their defi-
nition and their respective codes; for example, the non-demographic driver ‘Awareness campaigns’ had code ND2 and
was defined as ‘The frequency and intensity of awareness measures aimed at motivating the population to participate
in waste separation’. Moreover, although some drivers could influence one another (e.g.,‘Economic incentives’ affected
by ‘Governmental regulations’), the focus was to understand how the population and experts viewed each of the driv-
ers, irrespective of their mutual influences. Nevertheless, to implement one driver, the implementation of other drivers
could also be necessary; for instance, if ‘economic incentives’ are identified as more important, then there ought to be
suitable ‘government regulations’ which will enable these incentives to be available. However, the possibility that the
population could attribute importance to one driver irrespective of their mutual influence was explored in this study.

3.2 Pairwise comparison matrix
3.2.1 Responses to the survey by the three groups

The group of experts and the two population groups were presented with a questionnaire asking them to rank the above-
mentioned drivers. The questionnaire for the experts and population groups is presented in Appendix A and Appendix
B, respectively. Based on the responses, the highest and lowest rank for a given driver by the three groups, as well as the
mean (and variance) ranks of the respective drivers, are described in Table 4. Table 4a shows that for all the ND drivers,
the lowest and highest rank for both the population groups was 12 and 1, respectively, whereas for the expert group
the lowest rank was in the range of 8-12 and the highest 1-3. On the other hand, Table 4 shows that the two popula-
tions had the highest and lowest rank ranges of 1 and 11-12, respectively, except for the range for Age in the case of
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the Barcelona population. The experts had the highest and lowest rank in the range of 1-2 and 8-12, respectively. The
calculated means were used to construct the pairwise comparison matrix, while the variance provides information on
how the individual rankings from each population group varied.

3.2.2 Pairwise comparison matrix

The calculated means were used to develop the pairwise comparison matrix. The stepwise calculations for the expert
group responses for ND drivers are presented in Table 5. On the other hand, the remaining calculations for the D drivers
for the expert group and the results of these two categories for the two population groups are included in Appendix C.

The average consistency (4,,,,) was calculated to be 12.15.Thus, using Equation 2, the consistency index was calculated
to be 0.0143. Also, as the number of criteria is 12, the resulting R.l. is 1.54 [20]. Using these two values, the consistency
ratio was calculated to be 0.0093, which is less than 0.1; thus, the pairwise matrix is consistent. Similarly, the pairwise
matrices of all the demographic drivers ranking by the expert group as well as the ones for the two population groups
were found to be consistent (Appendix D).

3.3 Weights of the driver rankings

The calculated priority vectors represent the weights of the driver rankings; in other words, they provide information
about which driver was more important compared to the other drivers. The results for the ND and D drivers based on
the responses from the three groups are shown in Figure 1.

3.3.1 Non-demographic drivers ranking

In the case of the ND drivers (Figure 1a), experts perceived ‘Convenience of the collection system’(21.61%) as the most
important, followed by ‘Beliefs and values’ (13.48%) and ‘Environmental concern’ (12.66%); the least important driver
was ‘Provided information’ (2.28%). The population group from Leoben gave the highest importance to ‘Habits' (17.18%),
followed by ‘Beliefs and values’ (12.76%) and ‘Environmental concern’ (11.45%); and the least importance was given to
‘Awareness campaigns’ (4.52%). Finally, the Barcelona population rated ‘Beliefs and values’ (14.84%) as the most impor-
tant driver, followed by ‘Environmental concern’(13.33%) and ‘Habits’ (12.43%), while ‘Social pressure’ (4.03%) was rated
as the least important.

Thus, all the questioned groups perceived drivers such as ‘Beliefs and values; ‘Environmental concern; and ‘Habits’ to
have a high influence on the source separation behaviour. These are essentially the internal drivers [6], which could be
influenced by other drivers such as‘Awareness campaigns’and ‘Environmental education’ Therefore, although these driv-
ers are rated with low importance, they are nevertheless important factors in developing the internal outlook towards
developing a source separation behaviour. In addition, the ‘Convenience of the collection system; which was rated the
most important driver by the expert group, could facilitate the development of appropriate source separation ‘Habits’
[28]. Thus, even with the identified weightings of the drivers, the goal should be to create a society which is aware of
and responsible for waste-related environmental challenges. This will require a long-term strategy to motivate the waste
producers, which is likely to include ‘Environmental education;‘Awareness campaigns, ‘Governmental regulations; ‘Pro-
vided information), and ‘Economic incentives. When waste separation behaviour works, better collection and recycling
rates can be achieved [6].

3.3.2 Demographic drivers ranking

On the other hand, in the case of the D drivers (Fig. 1b), the experts gave the highest importance to‘Location’ (17.18%),
followed by ‘Level of education’(12.22%), and ‘Heritage and culture’as well as ‘Family situation’ (both had equal weight-
ings of 10.2%); 'Age’ (2.74%) was given the lowest importance. Similarly, the Leoben population group perceived Level of
education’(17.44%) as the most important driver, followed by ‘Location’(13.88%) and ‘Type of dwelling’ (11.63%); ‘Gender’
(3.35%) was identified as the least important driver. Finally, the Barcelona population group rated ‘Level of education’
(16.51%) as the most important driver, followed by ‘Heritage and culture’ (14.45%) and ‘Personal barriers’ (13.22%); and
the least important driver was again ‘Gender’ (3.15%).

Thus, ‘Level of education; ‘Location; and ‘Heritage and culture’ were identified as important D drivers by more than two
respondent groups. In addition, in some cases, the D drivers could be influenced by the ND drivers. For example, ‘Location’

@ Discover



| https://doi.org/10.1007/543621-025-00820-x

(2025) 6:37

Discover Sustainability

Research

UOIIRIAIP plepuels s
L'v+19 Ll L SEFLS Ll L SEF6'S Ll ) Buljlamp jo adAL cla
9EFL9 4} L CEFYS 4} L €EF¥6V Ll L snjels |eldos Lia
L'EFI9 4} l TEFSO 4} L €¥ES ol L saduaJaya.d [edni|od oLa
8EFLS 4} L L'€E¥T9 4} L LEFSY 4} L Sislieq |euosiad 6d
6'€EFSS [4) L EEFBY 4} L €EFGE 6 L (lednJ ‘uequnqns ‘uequn) uoied07 8d
6CEFLY Cl L CEFEY 4} L L'eEF LYy Ll L uol3ednps JO [9AS7] JAql
8'€EFS9 Cl ) L'€EF69 4} L SCF6'Y 6 L swoou| 9d
SEFS Cl L 9€EF9G 4} L CeEFYY Ll L 21n3ynd pue abeyaH <d
EVY+9L Cl L EVY+TL 4} L YT+ LS ol 4 J9pusn ¥d
L'EFT9 Cl L VeEFLS 4} L ECFY Y 8 L uonenys Ajiwey €d
v+€9 Cl L €F6'S 4} l €CFo6Y 6 L snje3s JuswAojdwiy ca
€EFSO S S 8CF9'S Ll L €VF69 4} l aby La
dSFUedly  Muelisamo]  quedisayblH  QSFUES|N  MUBIISOMOT  MuelisaybiH  STFUES|N  Mues1SIMOT  Mjued 1saybiH
euojadJeg ui dnoib uopze|ndod uaqoa ul dnoib uonejndod syadxa Jo dnoin JBAUg  9pod
(a)
YFVY 4} Il 9€F9S 4} L €789 4] 4 welshs urisnil  ZLAN
8EFSS 4} L 6TFLS 4} L €¥6'S ol 4 ainssaid [eos L LAN
SEFS [4) L €€¥9¢9 4} L 67+€8 Ll € uoljeunojul pspirold - OLAN
VeEFLE cl L 9EFY 45 L €e+LS oL 4 sHqeH 6dN
VeEFvy Ll L SEFCS Ll l €+9S Ll L suone[nbai [eIusWIUIRA0D 8AN
SEFLY 4} L vEFLO 4} L 8LF€S 6 € uol1esnps [ejuswuoliAug LAN
reEF9oE cl L VeEFLY 45 Ll TC+8Y¥ 8 4 UJ35U0)d |ejuswiuoiiaug 9adN
9€EFS 4} L 9€E¥6'S 4} L €€F6'S ol l SSAIJUSDUI SIWOU0d] SAN
6'€EFY 4} L LE€FLY 4} L LTF9€E 6 l wa)sAs U01333]|03 3Y} JO DDUBIUSAUOD AN
SEFVE cl Il SEFSY 45 Ll 9¢+9Y¥ Ll L SonjeA pue sjal|eg €AN
8EFES cl L L'€E+C9 45 Il 6C+8L 45 € suBredwed ssauasemy CAN
L'SEFES 45 Il TEFL9 4} L 9VFL 4! | a4n3dnsisesyul jo ubisap pue sdueseaddy LaN
ASFUBd  Nuelisamo  MuellsayblH  QSTFUBSN  MueiISOIMOT  quelIsayblH  QSTFUBS|N  MuedISIamoT  yued 31saybiH
euo|adieg ul dnoib uonejndod uaqoa ul dnoub uonendod syadxa jo dnoin JBANg  9pod
(e)

s1aALIp (@) d1ydeibowsap (q) pue (N) d1ydeibowsp-uou (e) Joj euojadieg pue uagqoa] wolj sdnoib uoneindod pue dnoub 1adxs ay3 Aq bupjuel aY3 Inoge uolewlou| a|qel

@ Discover



Research
Discover Sustainability (2025) 6:37 | https://doi.org/10.1007/543621-025-00820-X

Table 5 Steps for developing the pairwise comparison matrix from the expert responses for the non-demographic drivers (NDs)

(a)

Drivers ND1 ND2 ND3 ND4 ND5 NDé6 ND7 ND8 ND9 ND10 ND11 ND12
ND1 0.00 -0.75 2.38 3.50 1.13 2.25 1.75 1.38 1.29 -1.29 1.13 0.25
ND2 0.75 0.00 3.13 4.25 1.88 3.00 2.50 213 2.04 -0.54 1.88 1.00
ND3 -2.38 -3.13 0.00 1.13 -1.25 -0.13 -0.63 -1.00 -1.09 -3.66 -1.25 -2.13
ND4 -3.50 -4.25 -1.13 0.00 -2.38 -1.25 -1.75 -2.13 -2.21 -4.79 -2.38 -3.25
ND5 -1.13 -1.88 1.25 2.38 0.00 1.13 0.63 0.25 0.16 -2.41 0.00 -0.88
ND6 -2.25 -3.00 0.13 1.25 -1.13 0.00 -0.50 -0.88 -0.96 -3.54 -1.13 -2.00
ND7 -1.75 -2.50 0.63 1.75 -0.63 0.50 0.00 -0.38 -0.46 -3.04 -0.63 -1.50
ND8 -1.38 -2.13 1.00 213 -0.25 0.88 0.38 0.00 -0.09 -2.66 -0.25 -1.13
ND9 -1.29 -2.04 1.09 2.21 -0.16 0.96 0.46 0.09 0.00 -2.57 -0.16 -1.04
ND10 1.29 0.54 3.66 4.79 241 3.54 3.04 2.66 2.57 0.00 241 1.54
ND11 -1.13 -1.88 1.25 2.38 0.00 113 0.63 0.25 0.16 -2.41 0.00 -0.88
ND12 -0.25 -1.00 213 3.25 0.88 2.00 1.50 1.13 1.04 -1.54 0.88 0.00
(b)

Drivers ND1 ND2 ND3 ND4 ND5 ND6 ND7 ND8 ND9 ND10 ND11 ND12
ND1 1.00 1.75 0.30 0.22 0.47 0.31 0.36 0.42 0.44 2.29 0.47 0.80
ND2 0.57 1.00 0.24 0.19 0.35 0.25 0.29 0.32 0.33 1.54 0.35 0.50
ND3 3.38 413 1.00 0.47 2.25 1.13 1.63 2.00 2.09 4.66 2.25 3.13
ND4 4.50 5.25 2.13 1.00 3.38 2.25 2.75 3.13 3.21 5.79 3.38 4.25
ND5 2.13 2.88 0.44 0.30 1.00 0.47 0.62 0.80 0.86 3.41 1.00 1.88
ND6 3.25 4.00 0.89 0.44 2.13 1.00 1.50 1.88 1.96 4.54 2.13 3.00
ND7 2.75 3.50 0.62 0.36 1.63 0.67 1.00 1.38 1.46 4.04 1.63 2.50
ND8 2.38 3.13 0.50 0.32 1.25 0.53 0.73 1.00 1.09 3.66 1.25 2.13
ND9 2.29 3.04 0.48 0.31 1.16 0.51 0.68 0.92 1.00 3.57 1.16 2.04
ND10 0.44 0.65 0.21 0.17 0.29 0.22 0.25 0.27 0.28 1.00 0.29 0.39
ND11 2.13 2.88 0.44 0.30 1.00 0.47 0.62 0.80 0.86 3.41 1.00 1.88
ND12 1.25 2.00 0.32 0.24 0.53 0.33 0.40 0.47 0.49 2.54 0.53 1.00
Sum 26.04 34.19 7.57 4.32 15.43 8.14 10.81 13.38 14.08 40.43 15.43 23.48
(@

Drivers ND1 ND2 ND3 ND4 ND5 ND6 ND7 ND8 ND9 ND10 ND11 ND12
ND1 0.04 0.05 0.04 0.05 0.03 0.04 0.03 0.03 0.03 0.06 0.03 0.03
ND2 0.02 0.03 0.03 0.04 0.02 0.03 0.03 0.02 0.02 0.04 0.02 0.02
ND3 0.13 0.12 0.13 0.1 0.15 0.14 0.15 0.15 0.15 0.12 0.15 0.13
ND4 0.17 0.15 0.28 0.23 0.22 0.28 0.25 0.23 0.23 0.14 0.22 0.18
ND5 0.08 0.08 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.08 0.06 0.08
ND6 0.12 0.12 0.12 0.10 0.14 0.12 0.14 0.14 0.14 0.1 0.14 0.13
ND7 0.1 0.10 0.08 0.08 0.1 0.08 0.09 0.10 0.10 0.10 0.1 0.1
ND8 0.09 0.09 0.07 0.07 0.08 0.07 0.07 0.07 0.08 0.09 0.08 0.09
ND9 0.09 0.09 0.06 0.07 0.08 0.06 0.06 0.07 0.07 0.09 0.08 0.09
ND10 0.02 0.02 0.03 0.04 0.02 0.03 0.02 0.02 0.02 0.02 0.02 0.02
ND11 0.08 0.08 0.06 0.07 0.06 0.06 0.06 0.06 0.06 0.08 0.06 0.08
ND12 0.05 0.06 0.04 0.05 0.03 0.04 0.04 0.04 0.03 0.06 0.03 0.04
Sum 1 1 1 1 1 1 1 1 1 1 1 1

(d)

Drivers Priority vector [W] Weight vector [Ws] = [CIx[W] Consistency vector

[Cons]=[Ws]/[W]

ND1 0.04 0.47 12.06
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Table 5 (continued)
(d)
Drivers Priority vector [W] Weight vector [Ws] = [CIx[W] Consistency vector
[Cons]=[WSs]/[W]
ND2 0.03 0.34 12.08
ND3 0.13 1.65 12.25
ND4 0.22 2.65 12.25
ND5 0.07 0.83 12.14
ND6 0.13 1.55 12.24
ND7 0.10 1.19 12.21
ND8 0.08 0.96 12.17
ND9 0.08 0.91 12.16
ND10 0.02 0.28 12.11
ND11 0.07 0.83 12.14
ND12 0.04 0.53 12.07

(a) Step 1: Develop a matrix based on the difference between the mean ranks of two drivers. (b) Step 2: Develop a pairwise comparison
matrix by transforming the above differences between the mean ranks to the relative importance scale. (c) Step 3: Develop the normalised
pairwise matrix and calculate the priority vector. (d) Step 4: Consistency check

could be influenced by the ‘Convenience of the collection system’ based on available infrastructure that facilitates the
source separation behaviour [10]. Similarly, ‘Level of education’ could be influenced by ‘Environmental education’and
‘Environmental concern’ [6]. However, some drivers, such as ‘Heritage and culture’ could not be influenced by the ND
drivers.

Furthermore, in contrast to the case of ND drivers, the priority vector of the driver rankings is very different. For
instance, the importance of the drivers ‘Type of dwelling; ‘Heritage and culture, and ‘Personal barriers'is perceived dif-
ferently (Fig. 1b).

3.3.3 Rating of the two categories

All three groups rated the ND drivers as more important than the D drivers. In other words, the ND drivers are perceived
by all three groups as having a greater influence on waste separation behaviour than the D drivers. However, the aver-
age percentage of importance given to the ND drivers was higher for the expert group than for the population groups.
For example, the ND drivers were rated as 59.63% and 56.83% more important than the D drivers by the population
groups of Leoben and Barcelona, respectively. In contrast, the expert group rated the ND drivers as 72% more important.
This difference in perceived importance could be because the background knowledge of the experts differs from that
of the population. In other words, the experts were armed with experience, knowledge, and research data when they
ranked the drivers, whereas the general public was most likely to base their decisions on personal experience with little
scientific knowledge.

4 Discussion
4.1 Applicability of results—the case of biodegradable plastics

The results of this study were discussed in terms of improving the source separation of biodegradable plastic waste. For
a material to be recycled it has to be first collected properly and the proper collection is heavily influenced by the source
separation behaviour of waste producers [3]. Biodegradable plastics, both fossil and biobased, are a type of bioplastics,
which are promoted as environmentally friendly alternatives for conventional plastics. However, the waste producers
are unsure about the correct disposal route for these plastics. Thus, this section discusses how the results of the present
study could be applied to improve the source separation of biodegradable plastics. For this purpose, the three most ND
(Table 6a) and D (Table 6b) drivers based on the responses of the three groups were discussed in terms of biodegradable
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Fig. 1 Assigned weights based on the relative importance of (a) non-demographic drivers and (b) demographic drivers as perceived by the
three groups (Barcelona, Leoben, experts)

plastics’ source separation. The prerequisite for this is that there is enough volume of biodegradable plastic waste avail-
able along with a recycling infrastructure in place, to accrue the benefits of the correct source separation [29].

The driver ‘Beliefs and values’ was identified as important driver by all the three studied groups. As a first step, the
decision-makers should study the beliefs and values of the population in the area where the source separation system
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Table 6 Three most important drivers as perceived by the three groups
@)
Ranks based on importance Experts group Barcelona group Leoben group
First Convenience of the collection system Beliefs and values Habits
Second Beliefs and values Environmental concern Beliefs and values
Third Environmental concern Habits Environmental concern
(b)
Ranks based on importance Experts group Barcelona group Leoben group
First Location Level of education Level of education
Second Level of education Location Heritage and culture
Third Heritage and culture Type of dwelling Personal barriers

&

Family situation

Text highlighted in bold depicts the drivers perceived as important by more than one group. (a) Results for non-demographic drivers; (b)
Results for demographic drivers

for biodegradable plastics is to be implemented. For instance, from the available qualitative studies, it was found that on
one hand the waste producers (i.e., the consumers) perceived biodegradable plastics as environmentally friendly [30, 31];
on the other hand, they are confused about its biodegradability[32, 33] and correct disposal method [30, 34, 35]. These
findings could also be applied to the ‘Environmental concern’ driver, which was also among the three most important
drivers. Thus, with this knowledge, the decision makers could tailor their source-separation improvement measures; one
way would be to create ‘awareness campaigns, which are identified as a tool as well as a driver. However, the content
of these campaigns will differ for both drivers; for instance, the awareness campaigns will be designed depending on
whether the intended population is concerned about the environment (and how much). Similarly, the decision-makers
could appeal to the ‘Beliefs and values’ of the population using cleverly designed campaigns.

‘Habits’ was identified among the top three important drivers by the two population groups. As mentioned before,
consumers have expressed their confusion about how to properly source separate biodegradable plastics [31, 33, 34].
This confusion often results in their improper waste disposal behaviour [36]; in other words, they habitually dispose of
biodegradable plastics incorrectly. However, the consumers could be nudged into the correct source separation by uti-
lising certain tools, such as the use of ‘Smart bins;, penalising incorrect disposal behaviour, and awareness campaigns. A
qualitative study confirmed that the consumers believed that their habits considerably influence the source separation
tremendously [37]. The driver ‘Convenience of the collection system, which was identified as the most important by
the experts’ group, could be addressed in the case of biodegradable plastics by providing clear and consistent source
separation instructions for these plastics and creating awareness by addressing some of the most common confusion-
inducing factors.

The information about demographic factors could be used by the decision-makers to tailor their activities based on
the results; thus, the applicability of the D drivers for general waste management was discussed, which are also consid-
ered applicable for biodegradable plastics. For example, knowing that ‘location’ influences the behaviour, they would
implement separate measures for the rural and urban areas. Similarly, in the case of ‘level of education) the measures
should cater to the population from all levels of education. On the other hand, in the case of ‘heritage and culture;
the decision makers will have to understand how the culture influences the separation behaviour and implement the
measures accordingly. The other three factors here could be influenced by the ND factors, e.g.,‘Family situation’ might be
influenced by ‘Economic incentives. Moreover, the ‘Type of dwelling’ also has an impact on waste management [38]; thus,
also applicable to biodegradable plastic waste. Lastly, personal barriers could arise from any personal disability; thus, the
measures ought to keep this in mind as well. All in all, the knowledge of the demographic will assist the decision-makers
in tailoring their activities by keeping these results in mind.
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4.2 Limitations of the study

This study provides insight into which drivers influencing the source separation behaviour of the waste producers
were perceived as important by the two population groups and one experts’ group. The sample size of 18 experts
and 44-45 respondents from the two population groups could limit the general applicability of the presented results.
Moreover, certain response biases cannot be overruled [39]; for instance, ‘implicit social cognition), an unconscious
bias including stereotypes [40, 41], in the case of rating demographic drivers. Nevertheless, the study is one of its
kind, where the data triangulation method using data input from three sources was used in a pairwise comparison
matrix assessment. This study, although based on the population group of two cities and the experts in the field,
could comparatively provide more representative information than the study conducted only in one city.

5 Conclusion

The study focused on calculating the relative importance of the identified drivers influencing the source separation
behaviour of waste producers, based on the perceptions of three groups: (i) the expert group; (ii) the population
group from Leoben, Austria; and (iii) the population group from Barcelona, Spain. From the literature review of 43
scientific publications, 12 non-demographic drivers and 12 demographic drivers were identified. The survey responses
of the three groups were evaluated by calculating the perceived relative importance using a pairwise comparison
matrix. The perceived relative importance was represented by the calculated weightings (priority vectors) for each
driver. After confirming the consistency of the six resulting pairwise comparison matrices, the top three drivers in
each category and group were identified. It was found that the expert group identified ‘Convenience of the collec-
tion system, ‘Beliefs and values) and ‘Environmental concern’as the most important ND drivers. On the other hand,
both the Leoben and Barcelona populations rated ‘Habits’ ‘Beliefs and values), and ‘Environmental concern’ as the
most important ND drivers. In addition, ‘Level of education’, ‘Location’, and ‘Heritage and culture’ were identified as
the most important D drivers by more than two respondent groups. Thus, it was observed that similar drivers were
identified by the three groups as most important for the source separation behaviour. However, most of the drivers
are interrelated and ultimately influence each other. In the end, the applicability of the top three important drivers
(based on the responses of the three groups) was discussed in terms of biodegradable plastics, and the limitation of
the study was presented. Thus, these drivers could support the decision-makers when designing a system to ensure
optimum source separation behaviour.
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