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ABSTRACT

The European regulation of biodegradable municipal waste (biowaste) treatment
places a significant demand on local biowaste separation systems and consequent
treatment (composting, anaerobic digestion). When implementing separate collec-
tion systems, there is a public demand for systems based on containers and bags.
Based on a case study of the city Usti nad Labem in the Czech Republic, the authors
illustrate the difficulties encountered in the implementation of this kind of system.
A series of factors should be paramount in the organization of biowaste separate
collection, including the location of containers, the amount of contaminants, and
system parameters (e.g. volume of containers, frequency of collection). The results
obtained confirm how a precision-targeted information campaign may contribute
towards reducing contamination of biowaste container content. Lower amounts of
contaminants imply a simplified biowaste treatment (composting) and increased
system efficiency. Furthermore, it was observed that the relocation of biowaste con-
tainers, or placing of additional containers in the system, resulted in an increase
in public involvement as a result of the added convenience of separate collection
proximity of containers. The equipment of the chosen city district by additional 55
containers increases the number of address points covered by the system by ap-
prox. 149.20% and the number of inhabitants by about 38.14%. However, this added
convenience of separate collection is not cost-neutral, with the increased proximity
of containers contributing towards a rise in collection costs including transport, and
containers. The increase of collection costs ranges between 105.5 and 156.78% in

1. INTRODUCTION

The European regulation of biodegradable municipal
waste (biowaste) treatment places a significant demand
on local biowaste separation systems and consequent
treatment (composting, anaerobic digestion). As estab-
lished by the Ordinance 321/2014 relating to the extent and
provision of municipal waste separate collection all Czech
municipalities are required to implement a biowaste sepa-
rate collection system according to the following means:
a) recycling centres, b) facilities for aerobic digestion, c)
bulky waste containers, d) containers, e) bags, f) a com-
bination of a) to e). To reflect vegetative season, weath-
er conditions, and economic limitations of small munici-
palities the separate collection of biowaste (according to
the Ordinance with a focus on plant-originated biowaste )
should be guaranteed from April 1¢t to October 31t as a
minimum requirement. For economic reasons municipal-
ities tend to view recycling centres as the most efficient

comparison with the current situation.

solution. However, the effectiveness of source separation
and public demand calls for systems of separate collection
based on containers and bags.

Although pilot studies in the Czech Republic have indi-
cated several key factors of the successful implementation
of separate collection, considerable uncertainty remains
with regard to other elements of the system, particularly
when the trade-off between public demand, or expecta-
tions and economic efficiency is involved. The location
of containers throughout the city seems to be crucial and
should reflect ready availability for the population on the
one hand, whilst focusing on collection technology on the
other (e.g. collection vehicles). Furthermore, with regard to
the economics of collection, an optimal routing also plays
a significant role in planning the location of containers. Si-
monetto and Borenstein (2007) reported how routing opti-
mization based on a reduced number of collections would
contribute towards minimizing the costs of collection.
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However, an effective planning of a biowaste separate
collection system is not underpinned solely by the ready
availability of containers; the degree of contamination of
the container contents will likewise affect the efficiency of
the entire biowaste treatment system. Accordingly, addi-
tional external factors should be reflected in the location
of biowaste containers, including type of housing, distance
from collection points of other types of separate collection
(paper, glass, and plastics), frequency of separate collec-
tion etc.

Based therefore on the case study conducted in Usti
nad Labem (93,000 inhabitants, 4 districts), the authors as-
sessed the effectiveness of biowaste separate collection
systems and the degree of public involvement. Further-
more, using GIS-based systems as a suitable instrument
for the purpose of increasing the efficiency of collection
systems (see Rada et al.,, 2013), the authors impart a se-
ries of recommendations relating to optimization of the
collection system. Last but not least, the effectiveness of
information campaigns in reducing the degree of contami-
nation in the city districts selected is evaluated.

2. FACTORS INFLUENCING THE SEPARATE
COLLECTION OF BIOWASTE

2.1 Biowaste separate collection - current experience

Generally, the optimization of separate collection sys-
tems is based on two fundamental strategies: 1) raising
system effectiveness (particularly the rate of separate col-
lection), and 2) increasing system efficiency (cost optimi-
zation). European municipalities therefore are facing a dual
challenge: to implement systems that help to meet targets
established by European environmental regulations and to
balance the municipal waste management budgets. Based
on a bi-objective model for developing countries, Amposah
and Salhi (2004) concluded that optimizing the routing and
location of containers throughout the municipality may
solve both problems simultaneously.

However, not all factors impinging on the effective-
ness and efficiency of separate collection are controlled
directly by the municipality. Dahlén and Lagerkvist (2010)
divide the latter into factors that can be controlled by local/
regional waste management strategies as types of waste
collected separately close to the property or with bring sys-
tems, availability of alternative places for discharge - e.g.
recycling centers, or implementation of collection charges,
factors that can be controlled by national waste manage-
ment strategies, and factors that are beyond the possibility
of control such as residential structures, household econ-
omy, or family life cycle. Therefore, and particularly in the
case of residential structures, separate collection systems
may need to be adapted to extrinsic conditions.

By focusing on internal factors municipalities should at-
tempt to identify means of reaching a compromise taking
into account the concerns of the population who want to
confer waste with the minimum amount of inconvenience,
and of disposal operators who need waste to be conferred
so as to conform to treatment requirements (Gallardo et
al., 2010). Therefore, the availability of the population to
adhere to the separate collection system is crucial. Dis-

tance to containers (Sidique et al., 2010; or Struk, 2017),
lack of space in households (Domina and Koch, 2002;
Gonzélez-Torre and Adenso-Diaz, 2005; or Bernstad et al.,
2013), lack of time to separate waste (e.g. Hage and Séder-
holm, 2008), or location of containers (Mattson Petersen
and Berg, 2004; Gonzalez-Torre et al., 2003; or Gonzalez-
Torre and Adenso-Diaz, 2005) are all deemed to be signif-
icant drivers of separate collection. Sidique et al. (2010)
reported how the closer the containers were to the place
of residence, the greater the number of households par-
ticipating in separate collection, largely due to the lesser
time effort required (Gonzélez-Torre et al., 2003). For this
reason, curbside collection is frequently preferred over col-
lection points (drop-off collection) when designing a sepa-
rate collection system (Domina and Koch, 2002; Saphores
and Nixon, 2014). However, when collection points are in-
troduced, smaller containers at multiple street locations
are preferred over large containers in strategic locations
(Gonzalez-Torre et al., 2003). Furthermore, the infrastruc-
ture needed for separate collection also plays a significant
role. Bernad-Beltran et al. (2014) confirmed that the will-
ingness of the population to participate in the separate
collection of biowaste increased when households were
provided with specific bins and bags.

The willingness of households to take part in biowaste
separate collection schemes may be reduced by the im-
plementation of weight-based charging schemes and fre-
quently results in a high rate of impurities (Dahlén et al.,
2007). Furthermore, with curbside collection, Gallardo et al.
(2010) pointed out that the quality of biowaste collection
is lower in the presence of closely situated mixed waste
bins. Rousta et al. (2015) concluded that by arranging col-
lections in close proximity to properties, the contamination
of residual wastes by recyclables (packaging, newsprint)
decreased significantly. Furthermore, following the intro-
duction of information stickers, the amount of mis-sorted
fractions in food waste bags also decreased (approximate-
ly 70%), thus leading to the conclusion that new communi-
cation channels played a key role in encouraging the sort-
ing of waste.

Although regulatory pressures force municipalities to
implement the separate collection of biowaste to divert or-
ganic matter from landfilling, they are cautious about doing
so due to the high costs involved and naturally try to iden-
tify the most cost-effective means of doing so. Gomes et
al. (2008) compared several different methods of biowaste
separate collection and concluded that the costs incurred
in the separate collection of whole biowaste and of bio-
waste generated in major urban communities were poten-
tially lower than the costs involved in traditional collection
of unsorted wastes. Thus, the implementation of biowaste
separate collection schemes does not necessarily result in
an increase of total costs for the municipal waste manage-
ment system. Larsen et al. (2010) reported how curbside
collection (and drop-off collection) was not only just as ef-
fective in increasing recycling rates, but also efficient in re-
ducing the municipal costs of collection due to avoidance
of high costs of incineration. However, Larsen et al. (2010)
reported that recourse to recycling centers did not result in
an appropriate increase of recycling rates.
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Collection costs are strongly influenced by the choice
of waste trucks and relative fuel consumption. Bender et
al. (2014) observed how the replacement of conventional
diesel trucks by hybrid hydraulic waste vehicles capable
of recovering, storing and reusing braking energy may re-
sult in significant cost savings. However, when evaluating
the potential benefits of new vehicles, driving cycle and
operational mode should also be given due consideration.
The collection system is not only dependent on the type
of vehicle, but also on vehicle routing in general, as con-
firmed by Eksioglu et al. (2009). To increase the efficiency
of waste collection based on innovative and SMART rout-
ing Faccio et al. (2011), and Hannan et al. (2011) tested
innovative traceability devices including RFID systems (Ra-
dio Frequency Identification), GPRS (General Packet Radio
Service), and GPS technology (Global Positioning System),
obtaining a positive outcome. Dynamic scheduling and
routing through use of level sensors placed on containers
and wireless communication equipment enabling waste
operators to work with real-time data result in a reduction
of operating costs by optimizing collection and hauling dis-
tances, and labor hours (Johansson, 2006).

The reliance of waste collection systems on securing a
compromise between container policies based on volume,
location, or frequency of shifts arrangements and vehicle
settings was confirmed by Rodrigues et al. (2016). Teixeira
et al. (2014) provided information relating to the efficiency
of proactive short-term control of waste collection circuits
as a suitable instrument for use in optimizing collections,
with drop-off collections seen as the most effective and
efficient means of collecting MSW.

To enhance collection efficiency Greco et al. (2015)
suggested optimizing the location of collection points and
the frequency of shifts. Workforce and vehicle usage like-
wise strongly impact collection efficiency (ibid). Mes et al.
(2014) confirmed that by modifying routing parameters and
adjusting them to fit with a range of different conditions
as weather, or holidays it would be possible to achieve an
optimization of the system (decrease of costs up to 40%).

Fernandez-Aracil et al. (2018) listed higher wages,
coastal municipalities, tourist areas, population and sep-
arate collection as factors influencing the costs of man-
aging municipal waste collections. Mandatory targets es-
tablished by both the European Union and Spanish legal
frameworks proved to be of high importance when analyz-
ing the costs of municipal waste management systems.

2.2 Biowaste collection in the city of Usti nad Labem

The separate collection of biowaste (based on con-
tainers) was introduced in 2016 following the response
received to a campaign in which the population was asked
to define changes they would like to see in the city. Bio-
waste containers (so-called ‘compostainers’) were intro-
duced in the area of multi-family housing. The city of Usti
nad Labem implemented a pilot project in the city district
“Severni Terasa” where 50 containers were located at col-
lection points (drop-off collection) for recyclables (paper
and cardboard, plastics, glass). In March 2017 the pilot pro-
ject was extended to another 3 city districts (“City Centre”,
“Nestémice”, and “Strekov”). The city was equipped with

193 biowaste containers with a volume of 240 liters. The
distribution of containers, which remains rather disparate,
can be observed in Figure 1.

The introduction of a biowaste separate collection
scheme was accompanied by an information campaign
based on leaflets and website of the project. Furthermore,
each container illustrated a list of the waste suitable and
unsuitable for deposition in the container, the location of
the container (address of the collection point), and details
of how often and on which day of the week the container
was emptied. In the context of the study conducted in the
Nestémice city district, an additional informational cam-
paign was carried out between the collections of 5" and
19t October 2017 and a label was added to the container
to inform the population of the inappropriacy of depositing
plastic bags in the container .

Following introduction of the scheme (pilot project) the
containers were emptied on a weekly basis;. however, reg-
ular checks of the container content made by city workers
at the end of the pilot phase led to a change in collection
frequency to once a fortnight. Furthermore, the regular
check indicated the potential risks of collection to be the
presence of contaminants (especially paper, plastic bags,
and other waste) or unused container volumes. Both these
issues raised the following research questions:

Would relocation of containers increase the efficiency
of the system?

+ How much would the costs of relocation amount to?

+ Could an information campaign influence the amount
of contamination?

3. METHODOLOGY AND DATA
3.1 Data

Data analysis was based on 11 bi-weekly field obser-
vations in the period from July 1¢t to November 30" 2017.
Each of the 4 city districts was equipped with 50 contain-
ers on average (193 containers throughout the whole city),
with containers being emptied every 14-days. During the
research period each container was checked by the re-
search team one day prior to collection, incl. photo docu-
mentation of the container contents. Only visible content
was checked, with no detailed composition of the waste).
Furthermore, littering around the container (5-meter range)
was recorded (Figure 2).

During the survey several significant differences were
observed in the volume and quality of separated biowaste.
The following figure shows that during the period analyzed
the average volume of biowaste represented by average
bin fill level was on a slight increase (with the exception
of the first half of November), whereas the proportion of
contaminated bins gradually decreased, resulting in a bet-
ter overall quality of collected biowaste. The most frequent
contaminant was plastic, followed by paper and munici-
pal solid waste, with a combination of these three waste
streams present in the majority of cases.

The authors were able to obtain data relating to the 937
households present in the area and the inhabitants at each
address. Data were obtained from the city council. These
data were used for the optimization of container loca-
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FIGURE 1: Distribution of containers in the city of Usti nad Labem (liter per person). Source: own elaboration.
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FIGURE 2: Development of average bin fill levels and proportion of bins with contamination in the study area Nestémice, 13.7 /30.11.2017
Source: own elaboration.
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tion throughout the city. The following assumptions were
adopted:

The closer the biowaste containers are to the house-
holds the better;
The distance to biowaste containers should not exceed
134 m, i.e. the maximum the inhabitants are willing to
walk to the containers;

+ The lower number of inhabitants using one container
on average the better.

These assumptions represent the limitations of op-
timization - the convenience of the system was the main
priority of municipal representatives, aimed at increasing
public participation on biowaste separate collection and
reducing contamination. As Sidique et al. (2010) and Struk
(2017) stated the proximity of containers plays a signifi-
cant role in raising public involvement in the municipal sep-
arate collection system. Furthermore, periodic evaluations
of the recycling behavior of households ascertained that
optimal distance is represented by an intersection between
the average distance to the container and the distance that
householders are willing to walk to reach the container.
Thus the intersection between amount of containers in the
system reported by municipalities and subjective percep-
tion of householders. While the average distance to the
container is decreasing from year to year as municipalities
try to equip the system with a higher number of containers,
the willingness of householders to walk to the container is
on an increase (EKO-KOM, 2017). The closer the contain-
ers to the place of residence, the greater the disturbance
caused to households by noise (breaking glass, collection
vehicles etc.). The number of inhabitants served by one
container is an important indicator of system efficiency.
The higher the number of inhabitants using one contain-
er, the higher the risk of overfilled containers, of contam-
ination and of a potentially higher distance to containers.
However this is not the case for blocks of flats.

3.2 Methodology - case study of city area NesStémice

For the following analysis we selected one city district
as a case study (Nestémice, geographically incl. Krasné
Brezno). To assess the presence of potential differences
in quality and quantity of biowaste deposited in containers
before and after introduction of the information campaign
in the district of Nestémice (as mentioned above, this was
implemented between field observations on the 5th and
19th of October 2017) the chi-square test was used. This
test was chosen due to the survey failing to provide pre-
cise information on the amount of biowaste contained in
specific waste bins, yielding only estimations according to

the following five categories: 1. (almost) empty, 2. one third
full, 3. one half full, 4. two thirds full and 5. full. Based on
the latter estimations frequencies were calculated for the
five above-mentioned categories; similarly, the quality of
biowaste was evaluated according to the number of bins
with and without contamination for each bi-weekly field ob-
servation.

The current location of biowaste containers and their
availability was analyzed in GIS (ESRI 2011). Current avail-
ability based on walking distance to containers using a
parameter of 134 m was assessed by means of Network
Analyst tools. A network of streets was created, showing
the addresses and respective number of inhabitants and
destinations of biowaste containers. This setting allowed
us to perform Service Area analysis, and to create specific
regions or districts covering a perimeter of 134 m walking
distance to biowaste containers (Scenario 1). Based spe-
cific individual regions we consecutively calculated the
number of inhabitants present in each region.

Subsequently, we addressed the optimization of the
location of containers (n=50) as a second scenario, and
calculated the optimal number of containers to cover the
entire study area as a third scenario. Both scenarios were
studied using Location-Allocation analysis. Randomly dis-
tributed points (n = 8000) were assigned to cover the entire
study area at a distance of no more than 25 m from the
road and served as candidate points for future best place-
ment in the second and optimal relocation of containers
from the first scenario. The outcomes of GIS analysis in
the form of database tables were subsequently aggregated
and summarized in R package “psych” (Revelle, 2018).

4. RESULTS AND DISCUSSION

The authors commenced by investigating the potential
differences in biowaste quality prior to and following intro-
duction of an additional information campaign. Biowaste
quality is underpinned by the presence of contaminants in
the waste bin. Using the chi-square test the observed and
estimated frequencies were compared. Based on the re-
sults obtained (x? = 21.273, p-value = 0.000) the hypothesis
whereby there were no differences in distribution prior to
and following the information campaign was rejected and
an association between introduction of the information
campaign and biowaste contamination was confirmed.
Table 1 illustrates how the campaign contributed towards
increasing the quality of biowaste produced even though
the majority of bins remained contaminated.

To assess the effect of the information campaign on
waste quantity the authors again applied the chi-square

TABLE 1: Distribution of bins with and without contamination before and after the launch of information campaign (Nestémice, 13.7 /

30.11.2017). Source: own calculation.

7.10. and before 19.10. and after Total

Count Percent (%) Count Percent (%) Count
Bins with contamination 287 79 126 61 413
Bins without contamination 77 21 82 39 159
Total 364 100 208 100 572
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test, revealing a difference in the distribution of bin fill lev-
els prior to and following introduction of the campaign (x?
=16.563, p-value = 0.002). However, based on the distribu-
tion of frequencies in particular categories it cannot merely
be confirmed that introduction of the campaign led to high-
er fill levels of bins, although a higher proportion of half-full
bins and, on the contrary, a lower percentage of (almost)
empty bins was observed after October 19" 2017 (Table 2).

Our preliminary results show how a target-oriented in-
formation campaign may contribute towards increasing
the amount of biowaste deposited in containers (impor-
tant for the efficiency of collection) and reducing contam-
ination of the container content (important for disposal/
treatment operators). Both short-term and one-off informa-
tion campaigns prior to start-up of separate collection and
a long-term campaign that reflects running experience and
evaluates system performance should be envisaged (see
Grodzinska-Jurzak et al., 2006). Although instrumental
knowledge, thus what to separate and where, is enhanced
by the campaign (De Feo and De Gisi, 2010), rather than
providing an extensive amount of information on separa-
tion, awareness should be raised by focusing on inhabit-
ants (Bernstad, 2014). However, there are no general rec-
ommendations as to how the information campaign should
be prepared. Campaigns should reflect local conditions as
the structure of inhabitants, type of housing, accessibility
of containers etc., and therefore ‘one size does not fit all’
(Lakhan, 2014).

With regard to the issue of biowaste composting, the
contamination of biowaste in containers is a rather seri-
ous problem. A working hypothesis was used, according
to which the location of biowaste containers at collection
points for recyclables (paper and cardboard, plastics, and
glass), particularly in the area of multi-family housing gen-
erates a perverse behavior amongst inhabitants. High lev-
els of anonymity in this type of housing lessen the pressure
of social norms (Barr et al., 2003) and therefore, increase
the probability of improper disposal. Furthermore, organi-
zation of the separate collection of recyclables and its pa-
rameters is crucial (volume of bins, frequency of shifts).
When the containers for recyclables are overfilled, the
recyclables are deposited in biowaste containers. In par-
ticular paper, plastics - especially bags, or PET bottles, but
also clothes and some types of bulky waste are the main
contaminants. Deposition of a certain amount of contami-
nants in biowaste containers is understandable - e.g. plas-

tic bags used to transport the biowaste or clothes made
from natural materials. For this reason, additional informa-
tion campaigns devoted to increasing instrumental knowl-
edge should be set up. Indeed, appropriate optimization of
the separate collection of recyclables may in turn elicit a
substantial increase in the effectiveness of biowaste sep-
arate collection.

In the case of optimizing the location of containers we
investigated 3 scenarios that respected the 134 m limit be-
tween place of abode and container. Scenario 1 worked to
the assumption that the location of containers remained
the same. Scenario 2a assumed that the 50 containers
available in the city district NeStémice were relocated to
better serve as many address points in the area as possi-
ble. Scenario 2b assumed that the 50 containers available
in the city district NeStémice were relocated to better cover
as many inhabitants in the whole area as possible. In both
scenarios 8,000 randomly distributed points in the area
were proposed as candidate positions for the relocation
of 50 containers in respect of the 134 m limit. Scenario 3
worked to the assumption that the population of the area
should be completely covered, even if it would be neces-
sary to acquire more containers to achieve this. Eight thou-
sand randomly distributed points were once again selected
in the area and were used as candidate positions for the
location of containers in respect of the 134 m limit. The
results are summarized in Table 3.

The results obtained with regard to the relocation of
containers in Scenarios 2a, 2b, and 3 resulted in a higher
number of addresses having access to biowaste contain-
ers. The relocation of containers (Scenarios 2a, 2b) in-
creased both the number of address points and number
of inhabitants equipped with biowaste containers within a
distance of max. 134 m. Compared to Scenario 1 the num-
ber of address points in Scenario 2a increased by about
107.18%, while the number of inhabitants in Scenario 2b
increased by about 32.30%. By covering the whole city
district with an additional 55 containers (Scenario 3) the
number of address points increased by approx. 149.20%
and the number of inhabitants by about 38.14% (however,
the increase in number of inhabitants between Scenario 2b
and 3 is only slight).

The negative side effect of Scenarios 2a and 2b (linking
a greater number of address points and inhabitants to the
separate collection system) lies in the increasing number
of inhabitants per container with the previously mentioned

TABLE 2: Distribution of bin fill level before and after the launch of information campaign, Nestémice, 13.7.-30.11.2017. Source: own

calculation.

7.10. and before 19.10. and after
Count Percent (%) Count Percent (%) Count
(Almost) empty 61 17 16 8 77
1/3 full 123 34 71 34 194
1/2 full 66 18 61 29 127
2/3 full 60 17 37 18 97
Full 51 14 26 12 77
Total 361 100 211 100 572
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TABLE 3: Results for each scenario. Source: own calculation.

Scenario 1 Scenario 2a Scenario 2b Scenario 3
Gontainers (with max. ditance of 134 m) 376 779 667 937
Gontainer (with max.disance of 134 m) 15566 17.700 20594 21,503
Number of inhabitants/container
min. 81 20 57 2
max. 772 920 920 826
SD 155 293 203 212
mean 311 354 412 205
median 274 287 426 140
Distance to the container (m)
min. 2.24 1.70 0.1 0
max. 133.85 133.95 133.95 133.84
SD 35.14 35.07 35.47 36.08
mean 73.94 78.97 78.34 61.68
median 74.82 82.19 61.68 59.51

risks as overfilling or contamination, and in the extended
distance to the container (about 5 m on average). Howev-
er, the maximum distance to the container remained within
the limit of 134 m, implying the convenience of the sepa-
rate collection system for households.

The introduction of new containers into the system
(Scenario 3) produces positive effects not only on the
decreasing number of inhabitants per container (about
34.08%), but also on the lesser distance to the container
(approx. 12.26 m on average in comparison with Scenario
1). These effects influence positively the cost and benefits
analysis of the new biowaste separate collection system,
although to what extent may not be simple to calculate.
Furthermore, these positive effects indicate the increased
convenience for inhabitants when opting to separate bio-
waste (Figure 3).

Convenience however is not the sole aspect to play a
significant role in the decision of local representatives with
regard to improvements to the separate collection system.
The relocation of containers will also impinge on collec-
tion costs. Table 4 summarizes the calculation of costs
imposed by the relocation of containers according to Sce-
narios 2a, 2b, and 3. The relocation of containers results in
the reduction of distance from/to the plant to the first/from
the last container in the city. However, the total distance
driven by the collection vehicle increases in Scenarios 2a,
2b, and particularly in Scenario 3. The reason for this lies
in the higher distance driven by the collection vehicle in
the city when an increased number of address points and
inhabitants need to be served. We envisage the need for
26 pick-ups per year (collection frequency every 14 days)
and an average weight of biowaste amounting to 258 kg/
m? (Maresova and Slejska, 2006). Based on our experience
from data collection we assume the average fill level of the
container to be in the range of 47-55% (Scenario 2a, 2b),
and 40-50% (Scenario 3).

The results of our cost analysis confirmed that the re-

location of containers aimed at increasing the number ad-
dress points and inhabitants would result in an increase
in collection costs, with increased total costs of approx.
20.65% (Scenario 2a), or 8.84% (Scenario 2b), respectively.
When new equipment is needed (Scenario 3), total costs
increase substantially (total costs almost five times higher
compared to Scenario 1). Nevertheless, a higher genera-
tion of biowaste is expected in Scenario 3, thus the average
cost per ton will assume a higher significance for decision
makers. On linking a higher number of address points on
the separation collection system, as a consequence, high-
er amounts of biowaste will be generated simultaneous-
ly and the average cost per ton will increase by approx.
8.47% (Scenario 2a). When involving a higher number of
inhabitants (Scenario 2b) who deposit more biowaste in
containers, the average cost per ton decreases by approx.
6.36%. In Scenario 3, when the separate collection system
is equipped with an additional 55 containers, a higher num-
ber of address points and inhabitants are served by the
system, thus higher amounts of biowaste are generated.
The average cost per ton range from 48.5 EUR/ton (105.5%
increase in comparison with Scenario 1) to 60.6 EUR/ton
(156.78% increase in comparison with Scenario 1).

5. CONCLUSIONS

The experience gained on a municipal level has con-
firmed how the European regulation of biodegradable mu-
nicipal waste (biowaste) treatment places a significant
demand on local systems of biowaste separation. Two
issues in particular should be addressed, namely: how to
implement systems that contribute towards achieving the
targets established by the European environmental regu-
lations with respect to high levels of public engagement,
and how to balance the municipal budget for waste man-
agement. The case study of the city Usti nad Labem con-
firmed that this is not a simple task. The implementation
of container-based separate collection of biowaste raised
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Nestémice
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Y

=

Number
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— Municipal district A Fullcoverage (n=105) per address point
Roads A Spatial optimalization ( weight = adresses ) ©1-20
0 0 1 km Spatial optimalization ( weight = population ) © 21-67
L 1 | Current situation (n =50 ) © 68-338
FIGURE 3: Number of inhabitants per address point for each scenario. Source: own elaboration.
TABLE 4: Collection cost analysis for each scenario. Source: own calculation.
Scenario 1 Scenario 2A Scenario 2B Scenario 3
Number of containers 50 50 50 105
new containers needed NO NO NO YES (55)
Distance drl\{en _by car within city 171 238 202 33.6
district (km)
distance driven by car from the 83 79 8.0 82
plant (km)
Distance driven by car to the plant 83 82 81 79
(km)
Distance total 33.7 39.9 36.3 49.7
Number of pick-ups per year 26 26 26 26
Average bin fill level 47% 47 - 55% 47 - 55% 40 -50%
Average weight of m®of biowaste 258 258 258 258
COSTS (EUR)
Containers (240 1/50,2 eur) 0.0 0.0 0.0 2758.4
Costs of driving within city district 435.1 605.6 514.0 855.0
Costs of driving from and to the 3285 318.6 318.6 3186
plant
Amortization 129.9 153.8 140.0 191.6
Total 893.6 1,078.1 972.6 4,123.6
Tons of biowaste 38 38-44 38-44 68 -85
Average costs per ton 23.6 28.4-245 25.6-22.1 60.6 - 48.5
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specific problems linked to the contamination of container
content, thus rendering the use of organic matter for other
treatments (i.e. composting) difficult. This is largely ascrib-
able to the way in which the population is involved in the
system and in the organization of the separate collection
of other recyclables. The separate collection of biowaste
involves an inappropriate type of housing with high levels
of anonymity, biowaste containers are located at collection
points for other recyclables, and there is a high proximity
to biowaste containers in some areas. Furthermore, the
separate collection of other recyclables is characterized by
a misleading frequency of the collection of recyclables, or
improper volume of containers for other recyclables - paper
and cardboard, plastics, glass. We demonstrate that a tar-
get-oriented information campaign is capable of reducing
the amount of contamination. However, in the long-term
the additional information campaign is not able to replace
the absence of social norms. Therefore, the relocation of
biowaste containers to comply with the respect to type of
housing should be implemented.

The potential relocation of containers will result in an
increase of the number of address points and inhabitants
linked to the separate collection system. The introduction
of new containers into the system with the aim of covering
all address points in the city district reduces the distance to
the container and therefore increases the convenience of
the system. Furthermore, the risk of linking a high number
of inhabitants to one sole container (contamination or over-
filling) will consequently decrease. The simple relocation
of containers in the system will not provide any additional
positive effects with regard to the number of inhabitants
served by one container or the distance to the container.

In particular, the evaluation of costs will be crucial for
the decision makers at local level. The results obtained in
this study confirmed that a higher convenience in separate
collection would not come free of charge. An increased
proximity of containers would produce a rise in collection
costs (transport, containers), with relocation of containers
for the purpose of increasing the number of inhabitants
served by the system impinging positively on cost.

Further studies should be undertaken to evaluate the
direct and indirect costs needed to optimize the biowaste
system and to identify the benefits of the same. An over-
all cost analysis based on the use of GIS may represent a
suitable instrument for use in the optimization of biowaste
waste collection systems. From the point of view of munic-
ipal representatives, this kind of analysis may contribute
towards supporting extension of biowaste separate col-
lection. However, additional instruments to be applied at
a national level should be identified (landfill taxes, landfill
closure, etc.).
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