Chapter 3 )
Technology Status of Waste Collection e
Systems

Abstract The increasing rate of waste production per capita, the technological
advances in packaging products, and the new waste policy and the legal provisions
adopted in developed countries created a constant change in the set of parameters
that determine the design of solutions for integrated waste management, where waste
collection plays a fundamental role. A vast spectrum of technologies for source-
separated waste collection and devices was developed, making the evaluation and
selection of the one to be applied a difficult task. The purpose of this chapter is to
reduce the complexity of identifying, selecting, and benchmarking waste collection
systems, presenting a taxonomic classification for the different technical solutions,
related to the relevant parts of collection activities and critical equipment
characteristics.
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3.1 Waste Collection

3.1.1 Waste Collection Role

Collecting waste is one of the most critical phases of the cycle of waste generation-
transformation-elimination (Bautista and Pereira 2006), playing a central but often
underestimated role in the waste management system (Bilitewski et al. 2010). Waste
collection is a highly visible municipal service that involves large expenditures and
operational problems; plus it is expensive to operate regarding investment and
operational and environmental costs (Faccio et al. 2011). In fact, due to the massive
fuel consumption and labor involved, municipal solid waste (MSW) collection is
usually the most polluting and costly component of MSW management (MSWM),
representing 50-75% of the total costs (Bilitewski et al. 2010; Tchobanoglous et al.
1993). Waste collection is the contact point between waste generators (citizens) and
waste management system and can be associated with different kinds of problems
such as littering, overfull containers, low recovery rates, and contamination. A lot of
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these problems can be solved by the proper implementation of a system when it is
new and by increasing facilitators through adequate information and feedback to the
public and a good, well-planned collection system (Petersen and Berg 2004).

Although MSW collection has the primary role of providing public health to
citizens, several waste streams are source separated to obtain quality waste materials
that can be recovered and recycled. Nowadays, other roles have been given to MSW
collection, making it more sustainable:

e Technical role: the way how waste is collected can influence its properties and,
consequently, the waste treatment technologies. If waste is collected commingled
and compacted, its destination can be in landfill, mechanical-biological treatment,
or incineration units; however, if specific waste streams are source separated, they
have a better quality to be recycled than mixed waste.

* Environmental role: besides recycling, MSW collection has been conducted to
reduce fuel consumption or even replace fossil fuels by non-fossil fuels like
biogas, with the intention to reduce emissions of greenhouse gases. Also, due
to the low average speed of collection vehicles, and numerous stops during
collection, the effect they have on congestion, air pollution, and noise is higher
than that of other types of freight transportation in cities (Johansson 2006).

* Social role: MSW collection is the WMS identity or municipality identity.
Without an appropriate communication, all the effort in promoting waste source
separation can fail. The recovery rate depends on the participation activity and
separation efficiency of the waste producers (Tanskanen and Melanen 1999).
Also, collection operation can create problems of the occupation of public space,
noise, odors, and traffic and industrial accidents (Poulsen et al. 1995) that, if not
minimized, contribute to a negative image of the entire WMS. It should also
highlight the job creation promoted by MSW collection, being the ISWM com-
ponent in which more jobs are created.

* Economic role: MSW collection is an expensive component of ISWM, regarding
investment costs (i.e., vehicles fleet) and operational costs (i.e., fuel, mainte-
nances) (Faccio et al. 2011). It should be regarded that MSW collection is a public
good, due to the public health driver, so it has to be available to everyone. When
waste streams belong to an extended producer responsibility management system,
collection costs should be ensured by the fee paid. However, this is not ade-
quately addressed in practice. The residual fraction collection has to be optimized,
to not cumbersome citizens.

¢ Legal role: in order to fulfill policy and legal provisions adopted in the European
Union on waste, a broad spectrum of measures and technical solutions for
different types of problems and wastes was developed during the last decades
(Bilitewski et al. 2010), promoting a wide range of separate collection systems
and giving rise to a number of studies assessing and comparing management
strategies (Gallardo et al. 2012; Iriarte et al. 2009).

This evolution of the applied roles has been possible due to technological
development, especially in the last decades. MSW collection has evolved from
trash cans to robust high-tech material and attractive container design and, at the
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same time, from dedicated and straightforward collection vehicles to trucks with a
global positioning system and radio-frequency identification sensors to identify
containers and optimization models to increase efficiency.

Being capable of considering all these roles and taking sustainable decisions in
choosing and managing an MSW collection system is not an easy task. It is even
more difficult when national legislation implements collection targets to be reached
because it will influence MSW collection activities (Pieber 2004; Kogler 2007). At a
micro- or local scale, any improvement in MSW collection organization — type, size,
and receptacle combination — and the collection frequency will influence the com-
position of MSW as well as the quality and quantity of the separately collected
recyclables and thus demands and costs for the subsequent treatment (Bilitewski
et al. 1997; Tchobanoglous et al. 1993). At a macroscale, recovery rate targets are in
demand and increase the complexity and total costs of MSW management — dividing
the total waste mass into separate waste streams results in an increased number of
waste flow paths, functional elements, and interdependence in the waste manage-
ment systems, increasing the number of containers and the amount of collection
work (Kogler 2007; Pieber 2004; Tanskanen and Melanen 1999).

3.1.2 Waste Collection Systems

The process of the waste collection begins when the generated waste is thrown into
appropriate receptacles and ends when these receptacles are picked up and emptied
by collection vehicles. However, the functional element, referred to as “collection,”
includes not only the removal of waste but also the transport to the place where the
collection vehicle is emptied, including this last operation (Tchobanoglous et al.
1993). Collection and transport must include (Bilitewski et al. 1997):

* Recovery and collection of all household, industrial, and commercial waste,
including separate collection of recyclables, removing them from the place
where they are produced

» Transport of the collected waste into the processing and disposal facilities

Local governments are usually charged with the responsibility for waste collec-
tion and transportation to the disposal facilities, but they may choose to hire private
contractors. The functional elements that MSWM involves are waste generation,
separation and storage at source, collection, sorting, processing and transformation,
and disposal (Tchobanoglous et al. 1993). According to Tchobanoglous et al.
(1993), the collection can be decomposed into three operations:

» Deposition, which consists of the set of operations after waste generation, involv-
ing waste storage and placement in containers to be removed

* The transfer operation carried out by appropriate personnel and equipment for this
purpose, by transferring the waste to the collection vehicles

» The transport, which corresponds to the distance that the collection vehicle makes
between the last point of collection and the place of its destination
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Fig. 3.1 Waste collection
system diagram
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Upstream of the collection is the waste generation and separation at the source
and downstream is transfer and transport, treatment or deposition. The selective
collection is not independent of the method of treatment. In fact, in MSW manage-
ment process, the collection of recyclable materials is of critical importance as the
way in which the materials are collected determines the possible options for their
recovery and the need for more or less investment in the sorting processes.

Based on the system perspective, a waste collection system (WCS) is composed
of the component containers and vehicles, which are interdependent and where
interactions occur, forming a relative complex whole. The way how elements
interact with each other and with the background system, composed of the waste
producers (citizens) and city’s infrastructure, will dictate its efficiency and the
interaction with city mobility. A WCS has to be attractive, available, near, and
safe for citizens to use it. Because WCS involves traffic movement, their schedule
needs to be planned to promote its rapid collection and avoid periods of high traffic.
Also, the place where to locate containers is influenced by the existing city infra-
structure and sidewalk and street inclination, just to name a few. The diagram
presented in Fig. 3.1 intends to highlight the complexity.

3.2 Waste Collection System Classification

During the last decades, a broad spectrum of suitable measures and different types of
technical solutions for different types of problems and wastes could be developed
and realized in technically leading countries (Bilitewski et al. 2010). The need to
ensure mandatory recycling and recovery levels for different waste fractions intro-
duced much pressure on waste municipalities systems, forcing them to optimize
technical solutions for collection. High recovery rate targets have been set for MSW
that municipalities aim to reach mainly by source separation, but the extent to which
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policies are based on scientific knowledge has been questioned (Dahlén and Lager-
kvist 2010).

WCS is a relevant component of a waste management system, being implemented
all over the world, but has been classified in a disorganized and dissimilar way.
Container and vehicle diversity is quite vast, almost tailor-made for all situations and
requirements, so keeping track on their development has become hard. The com-
plexity of equipment, devices, and vehicles increased the difficulty in making a
decision on which MSW collection should be implemented to be technically com-
petent, economically affordable, and socially accepted, at the same time, complying
with all legal targets and environmental challenges.

The evaluation of collection systems depends on the system boundaries and will
always, to some degree, be site-specific. It may not even be desirable to control the
factors that cannot be controlled using waste management, but these factors should
still be understood as they may offer explanations of variations. One of the factors
that can be controlled using waste management is the equipment and technical
solutions adopted, but the complexity is high and needs to be reduced to critical
factors when searching for causes and effects.

3.2.1 State of the Art

WCS classification has been promoted since the 1990s. Several aspects which could
characterize the complex system depend on its components (container and vehicles),
how both are interrelated (the collection method), how waste is to be treated and
recovered (waste streams), and how WCS is located in the city (i.e., the type of
service). According to Bilitewski et al. (2010), a WCS can be defined as a combi-
nation of technology and human activities and characterized by (i) the receptacles
used for collection, (ii) the applied method of setting them out and picking them up,
and (iii) the collection vehicles. The main approaches on WCS classification are
going to be presented in this section, divided into container type, vehicle type,
collection method, waste streams, and type of service.

(a) Container Type

Container type is referent to the receptacle where waste is disposed temporarily. The
variety of containers is quite huge. However, existing classifications found in the
literature are characterized mainly by the type (bags, containers, barrels, wheeled,
underground), material (plastic, metal), and size (small, medium, large). An instinc-
tive relation exists between container type and its size, being bags and containers
without wheels the small-sized containers and wheeled and underground containers
the ones with larger dimension. For example, EN840 and EN 12574 family of norms
(CEN 2014) classifies containers as two-wheeled with capacity up to 400 L, four-
wheeled with a capacity up to 1300 L with flat or dome lid(s), and four-wheeled with
a capacity up to 1700 L.
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(b) Vehicle Type

The vehicle has the function to discharge the waste container into the vehicle where
waste will be transported (Diaz et al. 2005). It can be characterized by the type,
which considers collection method, compaction, loading mechanization container
lifting device, and by the loading site. Possible vehicle types by collection method
are hauled and stationary. By compaction a vehicle can be classified as a compactor
(compartmented or not) when waste is compressed, or non-compactor (open or
closed truck), and by lifting device vehicles can be classified has hoist truck or
lift-off, tilt frame or roll-off, hook lift, crane trucks, trucks with loader up/over, or
side loader. Loading site identifies vehicles as front/top, side, and rear.

(c) Collection Method

The collection method is related to the process of emptying the container and its
mechanization. Concerning the emptying process, the collection can have different
designations. The recipient can be emptied in the same place, being named simple
emptying or stationary, can be exchanged by another emptied container, being
named as exchange, or can be hauled into the destination, being named hauled or
one-way. Only the case of the stationary collection is possible to consider a manual
loading system; all the rest is mechanized. Concerning mechanization designations,
manual, mechanized, semiautomatic, or automatic special collection systems are all
used in literature.

(d) Waste Source and Source Separation

This criterion is related to the source of waste (the place where it is produced) and the
source separation considered in the area. Waste source is divided into residential/
household, commercial/household-like commercial, and institutional and industrial,
being residential divided into dwellings and apartments, mostly. When source
separation exists, WCS can be defined by the waste collected, as commingled,
residual waste, dry recyclables, and recyclables, just to name a few.

(e) Type of Service: Drop-Off or Pickup Systems

Concerning the service type, different designations exist which are related to the type
of waste collected (commingled or separate waste streams) and how the citizen
interacts with the WCS. For mixed/commingled waste, the service can be classified
as curbside, backyard, alley, setout, and setback and for waste stream designations as
a drop-off/bring centers, buyback centers, pickup systems, neighborhood containers,
zone containers, green points, and multi-container and special collection (Table 3.1).

Although there is diversity of designations, two main approaches can be adopted:

(i) Pickup system or curbside collection, where the receptacles are installed/set up
for collection close to the houses of the waste generators.

(i) Drop-off or bring systems, where accumulated waste amounts are taken by the
waste generator to a central location, being dropped into containers specially set
up for this purpose. Contrary to the pickup arrangement, the collection vehicles
must go to central sites only and not pick up the waste from the curbside in front
of each house (Fig. 3.2).
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Table 3.1 WCS service type categories and definitions

Service type

Definition

Door-to-door, full-service collection,
curbside, alley pickup, or household
containers

Containers like bins, racks, sacks, and bags are allo-
cated to individual families, very near to the source of
waste generation, where the homeowner is responsible
for placing the containers to be emptied at the curb on
collection day and for returning the empty containers
to their storage location (Dahlén and Lagerkvist 2010;
Gonzalez-Torre et al. 2003; Tchobanoglous et al.
1993)

Setout-setback

Containers are set out on the homeowner’s property
and set back after being emptied by additional crews
working in conjunction with the collection crew
responsible for loading the collection vehicle
(Tchobanoglous et al. 1993)

Backyard carry

The collection crews enter the property to collect
refuse. Containers may be transported to the truck,
emptied, and returned to their original storage location
or emptied into a tub or cart and transported to the
vehicle so that only one trip is required (O‘Leary
1999)

“Just-in-time” collection

Residents bring out their wastes at the time the col-
lection vehicle reaches a particular spot and rings a
bell, a system that works in middle- and upper-class
housing of many developing countries (Uriarte 2008)

Drop-oft systems or bring systems

It provides containers of different sizes and shapes,
and residents are required to deliver recyclables
(Dahlén and Lagerkvist 2010; Rhyner et al. 1995)

Multi-container

Citizens dispose each fraction in specific containers
located in two areas of the street: organic and residual
fraction containers are located on the curb at a maxi-
mum distance of 50 m from the dwellings; containers
for glass, paper, and packaging are located in areas
with groups of containers located at a maximum dis-
tance of 300 m from the dwellings (Iriarte et al. 2009)

Neighborhood containers

Individual families are responsible for delivering their
waste to a typical container or neighborhood garbage
bin near the source of waste generation (Gonzalez-
Torre et al. 2003)

Zone containers

Large bins for different waste types are located in
central areas that serve one or multiple neighborhoods
(Gonzalez-Torre et al. 2003)

Green points

Specifically designed to collect not only separated
items from the particular catchment areas and curbside
bins but also to selectively collect materials not cov-
ered by the other systems, such as hazardous waste,
household electrical appliances, and clothes
(Gonzalez-Torre et al. 2003)

Buyback centers

Establishments where participants can deliver mate-
rials in return for cash payment, such as for recyclable
collection (Rhyner et al. 1995)
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Fig. 3.2 Schematic drawing of pickup and drop-off arrangement for waste collection. (Source:
Bilitewski et al. (2018))

Excluding the container and vehicle type, these classifications have a quite low
contribution to distinguishing the several WCS, being unable to promote a robust
classification. Taxonomy to classify WCS should show the similarities and differ-
ences between WCS and its components, and users should be able to systematically
fill and recall information efficiently and effectively to facilitate the use of the
taxonomy by diverse scientific and research fields.

The technical details (the features) have implications for planning and operating
WCS. Once known and adequately addressed, the features can mitigate WCS costs
and environmental impacts. In modeling WCS, parameters such as time per stop
(Groot et al. 2014; Sonesson 2000), unload time of a bin (Faccio et al. 2011), and the
number of workers (Groot et al. 2014) are all needed.

A taxonomic classification based on the technological features relevant to classify
WCS is proposed in the next section. The features highlighted in the taxonomy, such
as the container’s vehicle coupling, mobility, emplacement, container access for
container and body mechanization, lifting mechanization, and loading location for
vehicles, influence those variables present in WCS models.

3.2.2 Waste Collection System Types

This taxonomy is divided into three components, container, vehicle, and collection
method, and classes and subclasses, which are capable of characterizing the con-
tainer-vehicle system presented in Fig. 3.3. Trees are used to describe the classes and
subclasses of each component. Identification of a feature can reach up to five levels,



3.2 Waste Collection System Classification 33

Surface (S) (1) Only for surface containers

- (2) Except surface containers
E Semi-underground
mplacement (SU)

Underground (U)

Immobile (I)

Mobility

(With wheels (WW)
Without wheels
(WoW)

Mobile

With (WC)
Compaction

Without (WoC)
Gas cylinders (G)

Entire container or
compact (EC)

Open and elevating|
platforms (OEP)

Container

Hydraulic (H)

Only opening
platformy/lid (OP)

Only elevating
platform (EP)

Platform power

Wast ipient
‘aste recipien supply Electrohydraulic

Container access ) —|

Without (WoCo)

Electricity (E)

Crane one ring
(CIR)

Crane double ring
(C2R)

Vehicle coupling
Crane mushroom
™)

Lift frontal
supports (LiF)

Lift side supports
LiS

o~
N

Fig. 3.3 Container classification diagram. (Source: Rodrigues et al. (2016))

and key components will be described to support the taxonomy. The three compo-
nents result in a nomenclature, to be applied to characterize WCS.

Container Component

Class 1 is the container, and the first-level branch of its classification tree (Fig. 3.4) is
divided into relevant technical aspects used to identify container component, iden-
tified by subclasses: emplacement (1.1), mobility (1.2), compaction (1.3), container
access (1.4), and vehicle coupling (1.5). Container emplacement refers to location
related to ground level. Containers can be positioned at the surface (100% of the
recipient’s capacity is at ground level), entirely underground, or semiunderground.
A specific property of surface containers is mobility. Underground and
semiunderground are static and must be accessed by the vehicle for waste collection,
whereas surface containers can be located and replaced on the street without specific
construction work and are easily carried to the collection vehicle. Mobility can be
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Fig. 3.4 Coupling systems’ schematic illustrations. (a) Crane coupling systems (OVO Solutions
2012a) and (b) lift coupling systems in (i) frontal comb, (ii)) HDPE lifting trunnions, and (iii)
metallic wings. (Source: Rodrigues et al. (2016))

divided into immobile and mobile containers, with or without wheels. Containers
can also be designed to compact waste.

Semiunderground and underground containers must be accessible to the waste
collection vehicle. It is not mandatory that all container elements such as platforms,
deposition columns, and waste recipients are removed as a unit to dispose waste into
the vehicle (compact container). Sometimes only the waste recipient element is
removed to be discharged, and vehicle access can be through an open platform,
elevated platform, or both. An open platform corresponds to the opening of the
surface pull-down lid to access the container; the vehicle pulls the container from its
underground location, and the elevating platform raises the container to surface
level. When there is no elevating platform, the vehicle itself pulls the container
from the underground receptacle. An additional feature characterizing existing
platforms is the platform power supply, which can be gas cylinders, hydraulic, or
electrohydraulic.

Vehicle coupling defines how the container interacts with the vehicle to pro-
mote container discharging. The existing options are absence of coupling system
or by the type of coupling system: crane rings, crane mushroom, and crane
supports. Rings and mushroom refer to a crane option in the vehicle, and supports
are related to the lift option in the vehicle. Crane coupling can be one ring, double
ring, or mushroom (Contenur 2014; OVO Solutions 2012b) (Fig. 3.4a). One ring
coupling is suitable for truck cranes with a simple forklift, known as simple hook,
where the ring is secured on the frame support and detaches the lower lid, which is
automatically opened when the pedal (also named palpeur system) touches the
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d)

Fig. 3.5 Container schematic illustrations. (a) Case 4 (OVO Solutions 2012b), (b) case 5 (Sopsa
2012), (¢) case 6 (OVO Solutions 2012a), (d) case 7 (Sotkon 2007), (e) case 8 (TNL 2014b), and (f)
case 9 (TNL 2014c). (Source: Rodrigues et al. (2016))

bottom of the loading truck (OVO Solutions 2012b). The double-ring operation is
secured by two sliding rods, and the lifting arm has a double command; one raises
the container and opens the lower lid, and the other one keeps the container at the
desired height (OVO Solutions 2012b). Mushroom containers, also known as double
disc and by the trademark Kinshofer, consist of a half sphere or “disc” on the top; the
hoisting cable is also equipped with a double command similar to double ring, and
the operation is ensured by two tubes sliding one inside the other. This system
requires that collection vehicles are equipped with controlled and high-precision
positioning and coupling devices, eliminating the need for manual engagement
(Kinshofer 2014).

The containers for lift coupling supports have handles or handgrips built into the
container body (according to EN 840 (CEN 2014)) with different designations,
depending on the lift side (Fig. 3.4b). For frontal handles, a ventral system consists
of a frontal comb integrated with the upper body of the container. For side supports,
lifting trunnions or points are secured to the upper sides of the container body by two
high-density polyethylene (HDPE) lateral pivots and Ochsner handles composed of
two metal lateral wings (Sulo 2014; Weber 2006). Crane-compatible containers are
bottom discharge containers with a trapdoor(s) or cable opening bags; lift-
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compatible containers have superior discharge capabilities by lid opening and
overturning.

Based on the developed classification, ten possible key container component
cases describe how the taxonomy works and exemplifies the components of the
container to be analyzed (Fig. 3.5):

Case 1. Surface, without wheels, without compaction, vehicle coupling

Case 2. Surface, with wheels, without compaction, lift vehicle coupling

Case 3. Surface, immobile, without compaction, lift vehicle coupling

Case 4. Surface, immobile, without compaction, crane vehicle coupling

Case 5. Semiunderground, without compaction, compact, crane vehicle coupling

Case 6. Underground, without compaction, compact, crane vehicle coupling

Case 7. Underground, without compaction, with opening platform, crane vehicle
coupling

Case 8. Underground, without compaction, with open and elevating platform con-
tainer access, lift vehicle coupling

Case 9. Underground, without compaction, with elevating platform container access,
lift vehicle coupling

Case 10. Underground, with compaction, with the open and elevating platform, hook
lift vehicle coupling

Case 1 containers are characterized by semitransparent plastic or paper bags or
non-wheeled bins, usually with two handles, a cover, and no vehicle lifting handles
and with a wide range of capacities, from 0.035 up to 0.11 m? (Bilitewski et al. 1997;
ISWAWGCTT 2004). Ordinary grocery bags or biodegradable bags for organic
waste collection can also be used. Because they have no coupling system with the
collection vehicle, all the effort in lifting and disposing is by manual workers.

Case 2 containers include mobile garbage containers with two or four wheels. The
generic capacity of these containers goes from 0.12 to 1.1 m® (Bilitewski et al. 1997;
Kogler 2007) although two-wheeled can start at 0.06 and go up to 0.36 and four-
wheeled between 0.66 and 1.1 m® (Sulo 2014; Weber 2006). Lift vehicle coupling
containers have side and frontal handles and a flat or tilt-curved lid and may have a
lid opening system with a pedal or deposition opening adapted to the waste stream
(Contenur 2014; Sulo 2014; Weber 2006).

Case 3 steel or HDPE containers were developed for side-loading automated lifts,
with a vertical alignment crosshair and four Teflon roller supports at the base of the
body instead of wheels. They have an opening lid, or deposition opening adapted to
the waste stream. Capacities range between 1.8 and 3.2 m® (Contenur 2014; Ros
Roca 2014).

Case 4 containers were designed for source-separated collection with a crane and
had two main designs: igloo and prismatic (Contenur 2014). Container openings are
located on the top, with specific designs for packaging waste type. A container frame
attaches the securing system directly to the metal base and to the lower lid using
support arms, rods, or clevis fasteners (OVO Solutions 2012b). Capacities range
between 2.5 and 3.2 m® (Contenur 2014; OVO Solutions 2012b).

Case 5 refers to semiunderground, compact, one-ring crane coupling containers
composed of two parts: (1) the outer shell in HDPE and (2) an interior polypropylene
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bag where the waste is placed, fixed at the top of the container using a metal ring, and
opened by the action of a cable to discharge. Other possible options are a rigid plastic
container instead of the flexible bag (Molok 2009; Sopsa 2012) or a concrete
monobloc wheel in place of the HPDE outer shell (Sopsa 2012). These
cylindrical-shaped containers have a capacity range from 0.3 to 5 m>, being 3 and
5 m°> as the most common for municipal waste (Molok 2009).

Case 6 refers to the underground, entire/compact containers for crane vehicle
coupling, installed inside an underground watertight concrete bunker with a fixed
pedestrian platform in galvanized steel (Contenur 2014; OVO Solutions 2012b). At
surface level, only the inlet structure (column) and pedestrian platform are visible.
These containers are called compact containers because the column, container, and
pedestrian platform are a unit removed together. The stainless steel container is
emptied by one or more opening flaps underneath, designed to collect liquid.
Capacity ranges from 1 to 5 m® (OVO Solutions 2012b).

Case 7 consists of underground containers with opening platform access, with
one ring crane vehicle coupling. Case 7 containers are distinguished from case 6 by
container access because the only element hoisted is the waste recipient, not the
compact container. Access to the waste recipient is ensured by the pedestrian
platform, which opens (in contrast to case 6) and has a manual hook engagement
to the ring container (Resolur 2013; Sotkon 2007). The platform power supply can
be hydraulic, electrohydraulic, or gas cylinders (Sotkon 2007; TNL 2014a).
Containers’ capacity ranges from 1 to 5 m®> (Resolur 2013; Sotkon 2007; TNL
2014a), which can be bottom discharged using a trapdoor located at the base or by
overturning using both vehicle coupling options, crane and adapted rear lift.

Case 8 consists of underground containers with open and elevating platforms for
container access and lift vehicle coupling, which stands on the platform and is
elevated to the surface level rather than discharged by automated lifting and side-
loading vehicles. Both platforms are powered by an electrohydraulic unit, activated
inside the vehicle cabin using a remote control (Contenur 2014; Equinord 2009;
TNL 2014b). Containers’ capacity ranges from 3.2 to 4 m’ (Contenur 2014; TNL
2014b).

Case 9 differs from case 8 in container access, in which case 9 is by an elevating
platform only. With a capacity range from 0.8 to 1 m>, the container is emptied by
semiautomated lifting rear-end loading vehicles (Contenur 2014; TNL 2014c). The
elevating platform is operated either by remote control console or independent
central electrohydraulic or collection vehicle (Contenur 2014; Equinord 2009;
TNL 2014c).

Case 10 consists of underground compaction containers with a top-loading
chamber, with openings and elevating platforms and hook lift vehicle coupling.
The elevating platform lifts the compacting container box up to the street level, and
the opening platform rotates on the back axle to facilitate container access (TNL
2014d). Both platforms are powered by an electrohydraulic power station (TNL
2014d). A system on the compaction plate controls the container’s filling rate, with
capacities between 12 and 25 m® (Equinord 2009; Villiguer 2014).
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Fig. 3.6 Vehicle classification diagram. (Source: Rodrigues et al. (2016))

Vehicle Component

Vehicle class 2, presented in Fig. 3.6, is divided into subclass body (2.1), body
mechanization (2.2), lifting mechanization (2.3), and loading location (2.4). The
location waste determines if the body is discharged, which can be open, closed, or
nonexistent, in which case the whole container is put into the vehicle, as occurs in the
hauled collection. The open and closed body can be non-compartmented or
compartmented to separately collect two or more types of waste at the same time
(e.g., vertically split body, dual compartment), classified as multi-compartment or
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single compartment body, respectively. The body can be mechanized with different
structures (body mechanization), such as a sweep plate, grid, or a compactor, which
work continuously or intermittently. Also, lifting can be variously mechanized
(lifting mechanization) with hooks, lifts (forks, bars, or both), hook lifts, and
automated arms. Different lifting devices can be used in the same vehicle, classified
using the corresponding taxonomic characteristics. All crane-based lifting devices
can be interchangeable because they are non-fixed elements; using all in the same
vehicle is possible. Available options for loading location include rear-end, side, and
even nonspecific, as in the case of manual loading where the body is opened to
dispose waste bags. The proposed taxonomy is presented in Fig. 3.6.

The literature analysis found ten key vehicle components representing all possible
taxonomic components:

. Body open, non-mechanized, crane lifting, not specific loading site

. Body closed, mechanized packer plate/grid, lift assisted, rear-end loading site

. Body closed, with intermittent compaction, lift assisted, rear-end loading site

. Body closed, with intermittent compaction, crane lifting (and lift assisted), rear-
end loading site

. Without body, hook lift

. Body closed, with intermittent compaction, crane lifting, not specific loading
site

. Body closed, with intermittent compaction, lift assisted, side-loading site

. Body closed, with continuous compaction, lift assisted, rear-end loading site

. Body closed, with intermittent compaction, lift automated, side-loading site

. Body closed, with intermittent compaction, arm automated, side-loading site

SN =

AN

S O 0

Case 1 vehicles (Fig. 3.7a) are composed of an open box body and a hydraulic
crane, which can be manually operated from the crane footboard, on the floor, or
remotely. Different coupling systems can be installed on the crane, depending on
compatibility with different container crane vehicle coupling types.

Case 2 vehicles, also called as satellite units, are composed of a rear-loading
forklift mechanism and a simple hydraulic sweep plate or grid that clears the rear of
the hopper to provide load security and distribution inside the load box but provides
no compaction or semi-compaction (Heil Farid 2014; Ros Roca 2014).

Case 3 vehicles are composed of a hydraulically powered compression/ejection
plate, a load box, an articulated sweep plate, and a rear tailgate with a large hopper
capacity and a lifting mechanism (Ecofar 2013). Front or lateral support coupling
containers are raised by a loading fork that hooks onto the front of the container or by
retractable lift bars (Bilitewski et al. 1997), respectively. A moving plate scoops the
waste out from the loading hopper and compresses it against a moving wall
(intermittent compaction), with a leachate tank at the bottom of the body. With the
body full of waste, the compaction wall moves and ejects waste through an open
tailgate.

Case 4 vehicles (Fig. 3.7b) are similar to case 3 but have a telescopic crane, an
enlarged loading hopper, and a tailgate with a higher load volume to receive big
underground waste containers (Ros Roca 2014; Soma 2014) or discharge from
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Fig. 3.7 Vehicle schematic illustrations. (a) Case 1 (Sotkon 2007), (b) case 4 (Sotkon 2007), and
(c) case 6 (Sotkon 2007). (Source: Rodrigues et al. (2016))

satellite vehicles. Containers are collected with the crane or with both crane and
adapted rear lift (Soma 2014).

Case 5 vehicles are designated as hook lift or container vehicles, mostly used to
collect high-volume containers. Underground compactor containers (container case
10) are lifted over the collection vehicle chassis with a hook lift system. These
demountable body handling technology vehicles are known by trademarks such as
“Ampliroll” and “Multilift.”

Case 6 vehicles (Fig. 3.7c) are composed of a self-contained waste compaction
mobile unit with a top-loading compacting chamber, where waste is unloaded and
compacted. The container body is fed by a longitudinal sliding drawer in the
compacting chamber through bottom tabs and unloaded by the tailgate, hydraulic,
or gravity-opened doors (Mofil 2014). A hydraulic crane collects containers.

Case 7 vehicles are side-loading vehicles with ejection plates, also called satellite
vehicles because a transfer system transfers the payload to a full-size rear loader
(Ecofar 2013; Heil 2014). These vehicles are a one-piece body construction in which
the waste processing and unloading are carried out by the hydraulic ejection panel
(Ecofar 2013). These vehicles may have single- or dual-side hopper doors for
manual loading operation or a side lift with a loading fork (Ecofar 2013; Heil 2014).

Case 8 vehicles are for continuous compaction, differentiated from case 3 by the
compaction system, which consists of a fixed compacting screw system in the rear
and a spiral screw conveyor inside the cylindrical body drum that continuously
mixes and compacts the entire load during collection (FAUN 2014).

In cases 9 and 10, the vehicles are automatic side lift or arm grabber, operated by
the driver inside the vehicle, using a joystick and a video system (Heil 2014; Heil
Farid 2014). The vehicle stops alongside the container, and the arm (single or
double) grabs the container, empties it, and replaces it automatically (Kogler
2007). A continuously reciprocating metal pusher plate at the loading hopper forces
the waste through an aperture into the main body, compacting against the material
already loaded.
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Container Vehicle Collection method
Vehicle coupling Lifting mechanization
Without > Without > Manual

Crane simple hook

A 4
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Lift frontal > Lift assisted —> Assisted
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Lift automated
Lift side supports —‘

A 4

Fully automated

Automated arm J
> Hooklift

Fig. 3.8 Collection method classification diagram. (Source: Rodrigues et al. (2016))

Collection Method Component

Collection method categories describe how the container interacts with the vehicle
and workforce. The collection method can be manual, assisted, semiautomated, and
fully automated. Manual collection occurs when the worker carries, lifts, and
unloads waste bins or bags into the vehicle. Assisted collection is a mix of manual
and mechanical processes in which the container displacement near the vehicle is
manual and mechanization occurs only in the lifting and emptying by the vehicle.
Semiautomated collection is a mechanized process of all steps involved in collection
procedure, but the worker must be outside the vehicle to control the coupling and
provide manual assistance on vehicle-container coupling and uncoupling. Fully
automated collection involves no direct intervention of workers, and the container-
vehicle interaction is controlled by a single operator inside the vehicle cabin.

A relation between container and vehicle components is needed to classify WCS
by collection methods. Because collection methods are related to mechanization and
provide a link between container and vehicle, the features to be addressed are
container-vehicle coupling and vehicle lifting mechanization (Fig. 3.8).



42 3 Technology Status of Waste Collection Systems

Key Collection Methods

The key container and vehicle components can characterize the four key collection
methods. Manual collection occurs for containers classified as surface, without
wheels, and without vehicle coupling (e.g., bags and bins without wheels) and
collected by vehicles classified as open body, non-mechanized body, without lifting
or specific loading tools, or closed body, with intermittent compaction and lifting
mechanization, which is not used.

In the assisted collection method, wheeled mobile surface containers with lift
vehicle coupling frontal or lateral supports are rolled by the workers to the collection
vehicle, which can have an intermittent or continuous compactor, semiautomated
lifting, and a rear, frontal, or side-loading location. Three or more workers are
usually needed for assisted and manual collection.

Semiautomated collection methods can use underground containers with platform
access and crane vehicle coupling, collected by vehicles with the closed or open
body or an intermittent compactor or non-mechanized body with a hook lifting or
double-disc rear loading or nonspecific location. Two workers (driver and crane
operator) are usually sufficient, although a single operator can control the double-
disc system.

Fully automated collection methods have no direct intervention of workers
because the driver inside the vehicle operates all collection processes. An example
is a surface container without wheels, with side supports, collected by a closed-body
vehicle with intermittent compaction and automated lifting and side loading. Fully or
semiautomated collection methods are also characterized by a relatively higher
container capacity than assisted or manual collection methods, which are workforce
dependent.

References

Bautista J, Pereira J (2006) Modeling the problem of locating collection areas for urban waste
management an application to the metropolitan area of Barcelona. Omega 34:617-629

Bilitewski B, Hardtle G, Marek K (1997) Waste management. Springer, Berlin

Bilitewski B, Wagner J Reichenbach J (2010) Best practice municipal waste management. Federal
Environmental Agency, Intecus

Bilitewski B, Wagner J, Reichenbach J (2018) Best practice municipal waste management.
Umweltbundesamt, pdf publication: https://www.umweltbundesamt.de/publikationen

Contenur (2014) Catalogue contenur. http://www.contenur.com/en/. Accessed 15 Feb 2014

Dahlén L, Lagerkvist A (2010) Evaluation of recycling programmes in household waste collection
systems. Waste Manag Res 28:577-586

Diaz LF, Savage GM, Eggerth LL (2005) Solid waste management. United Nations Environment
Programme, Paris

Ecofar (2013) Products Ecofar. http://www.ecofar.it/getcontent.aspx?nID=3&l=en. Accessed
1 Mar 2014

Equinord (2009) Products Equinord. http://www.equinord.com/web/Default.aspx. Accessed 16 Feb
2014


https://www.umweltbundesamt.de/publikationen
http://www.contenur.com/en/
http://www.ecofar.it/getcontent.aspx?nID=3&l=en
http://www.ecofar.it/getcontent.aspx?nID=3&l=en
http://www.ecofar.it/getcontent.aspx?nID=3&l=en
http://www.equinord.com/web/Default.aspx

References 43

European Committee for Standardization (CEN) (2014) CEN/TC 183/WG 1 — waste containers.
http://standards.cen.eu/dyn/www/f?p=204:32:0::::FSP_ORG_ID,FSP_LANG_ID:7293,25&
cs=1963ABOE62521CCFF7015C670244E3A73. Accessed 10 Feb 2014

Faccio M, Persona A, Zanin G (2011) Waste collection multi objective model with real time
traceability data. Waste Manag 31:2391-2405

FAUN (2014) Rear loaders. https://www.faun.com/en/home/refuse-collection-vehicles/rear-
loaders.html. Accessed 5 Mar 2014

Gallardo A, Bovea MD, Colomer FJ, Prades M (2012) Analysis of collection systems for sorted
househould waste in Spain. Waste Manag 32:1623-1633

Gonzalez-Torre P L, Adenso-Diaz B, Ruiz-Torres A (2003). Some comparative factos regarding
recycling collection systems in regions of the USA and Europe. J Environ Manag 69:129-138

Groot J, Bing X, Bos-Brouwers H, Bloemhof-Ruwaard J (2014) A comprehensive waste collection
cost model applied to post-consumer plastic packaging waste. Resour Conserv Recycl 85:79-87

Heil (2014) Rear loaders. http://www.heil.com/#. Accessed 5 Mar 2014

Heil Farid (2014) Product groups. http://www.heilfarid.eu.com/heil-farid-products/product-groups.
Accessed 1 Mar 2014

Iriarte A, Gabarrell X, Rieradevall J (2009) LCA of selective waste collection systems in dense
urban areas. Waste Manag 29:903-914

ISWA Working Group on Collection and Transportation Technology (ISWAWGCTT) (2004)
Overview of household collection systems in different cities and regions. Report for the
International Solid Waste Association

Johansson OM (2006) The effect of dynamic scheduling and routing in a solid waste management
system. Waste Manag 26:875-885

Kinshofer (2014) Container discharge units. Kinshofer. http://www.kinshofer.com/eng/index.php/
en/crane-3/domestic-waste/container-discharge-units. Accessed 1 Mar 2014

Kogler T (2007) Waste collection — a report with support from ISWA Working Group on Collection
and Transportation Technology. Report for the International Solid Waste Association

Mofil (2014) Mofil monobloc compactors. http://www.mofilpt/fich_up/compactador%2015m3.pdf.
Accessed 17 Feb 2014

Molok (2009) Products Molok. http://www.molok.com/main.php?loc_id=8. Accessed 20 Feb
2014

O’Leary PR (1999) Decision maker’s guide to solid waste management, 2nd edn. United States
Environmental Protection Agency, Office of Solid Waste, RCRA Information Center,
Washington, DC

OVO Solutions (2012a) Underground systems. http://www.ovosolutions.com/363/underground-
systems.htm. Accessed 10 Mar 2014

OVO Solutions (2012b) Cyclea. http://www.ovosolutions.com/47/cyclea.htm. Accessed 15 Feb
2014

Petersen CHM, Berg PEO (2004) Use of recycling stations in Borlédnge, Sweden — volume weights
and attitudes. Waste Manag 24:911-918

Pieber MK (2004) Waste collection from urban households in Europe and Australia. Waste Manag
World: July-August 2004, 111-124

Poulsen OM, Niels OB, Niels E, Ase MH, Ulla II, Lelieveld D, Malmros P, Matthiasen L,
Nielsen BH, Nielsen EM, Schibye B, Skov T, Stenbaek EI, Wilkins CK (1995) Collection of
domestic waste — review of occupational health problems and their possible causes. Sci Total
Environ 170:1-19

Resolur (2013) Advantages (in Spanish: Ventajas). http://www.soterrado.es/index.html. Accessed
1 Mar 2014

Rhyner CR, Schwartz LJ, Wenger RB, Kohrell MG (1995) Waste management and resource
recovery. CRC Press/Lewis Publishers, Boca Raton

Rodrigues S, Martinho G, Pires A (2016) Waste collection systems part a: a taxonomy. J Clean Prod
113:374-387


http://standards.cen.eu/dyn/www/f?p=204:32:0::::FSP_ORG_ID,FSP_LANG_ID:7293,25&cs=1963AB0E62521CCFF7015C670244E3A73
http://standards.cen.eu/dyn/www/f?p=204:32:0::::FSP_ORG_ID,FSP_LANG_ID:7293,25&cs=1963AB0E62521CCFF7015C670244E3A73
http://standards.cen.eu/dyn/www/f?p=204:32:0::::FSP_ORG_ID,FSP_LANG_ID:7293,25&cs=1963AB0E62521CCFF7015C670244E3A73
http://standards.cen.eu/dyn/www/f?p=204:32:0::::FSP_ORG_ID,FSP_LANG_ID:7293,25&cs=1963AB0E62521CCFF7015C670244E3A73
https://www.faun.com/en/home/refuse-collection-vehicles/rear-loaders.html
https://www.faun.com/en/home/refuse-collection-vehicles/rear-loaders.html
http://www.heil.com/%23
http://www.heilfarid.eu.com/heil-farid-products/product-groups
http://www.kinshofer.com/eng/index.php/en/crane-3/domestic-waste/container-discharge-units
http://www.kinshofer.com/eng/index.php/en/crane-3/domestic-waste/container-discharge-units
http://www.mofilpt/fich_up/compactador%2015m3.pdf
http://www.molok.com/main.php?loc_id=8
http://www.molok.com/main.php?loc_id=8
http://www.ovosolutions.com/363/underground-systems.htm
http://www.ovosolutions.com/363/underground-systems.htm
http://www.ovosolutions.com/47/cyclea.htm
http://www.soterrado.es/index.html

44 3 Technology Status of Waste Collection Systems

Ros Roca (2014) Products Ros Roca. http://www.rosroca.com/en/products/integral-waste-collec
tion.html. Accessed 15 Feb 2014

Soma (2014) USW containers. http://www.soma.pt/old/english/products/residuossolidos/caixasrsu/
hallerx2c.html. Accessed 5 Mar 2014

Sonesson U (2000) Modelling of waste collection — a general approach to calculate fuel consump-
tion and time. Waste Manag Res 18:115-123

Sopsa (2012) Products semi underground. http://www.sopsa.pt/en/node/250. Accessed 20 Feb 2014

Sotkon (2007) Mbe Sotkon — Underground containers for MSW — Technical description
(in Spanish: Mbe Sotkon — Contenedores Subterraneos para RSU — Meméria Técnica). http://
www.construnario.com/catalogo/mbe-sotkon-sl/catalogos. Accessed 15 Oct 2010

Sulo (2014) Products. http://www.sulo.com/index.php/en. Accessed 15 Feb 2014

Tanskanen J, Melanen M (1999) Modelling separation strategies of municipal solid waste in
Finland. Waste Manag Res 17:80-92

Tchobanoglous G, Theisen H, Vigil S (1993) Integrated solid waste management: engineering
principles and management issues. McGraw-Hill, New York

TNL (2014b) Waste system Sidetainer. TNL. http://static.lvengine.net/tnl/Imgs/articles/article_70/
sideTAINER_TNL_EN_v3.pdf. Accessed 1 Mar 2014

TNL (2014c) Waste system ecotainer. TNL. http:/static.lvengine.net/tnl/Imgs/articles/article_69/
ecoTAINER_TNL_EN_v3.pdf. Accessed 1 Mar 2014

TNL (2014d) Waste system bigtainer. TNL. http:/static.lvengine.net/tnl/Imgs/articles/article_78/
590bigTAINER_TNL_EN_v3_1.pdf. Accessed 1 Mar 2014

Uriarte FA (2008) Solid waste management: principles and practices. The University of the
Philippines Press, Quezon City

Villiger (2014). Sub-Vil: the Idea to Make Waste Disappear Underground. Villiger. http://www.
villiger.com/sub-vil-en.html. Accessed 20 Feb 2014

Weber (2006) Products Weber. http://www.w-weber.com/engl/start.html. Accessed 15 Feb 2014


http://www.rosroca.com/en/products/integral-waste-collection.html
http://www.rosroca.com/en/products/integral-waste-collection.html
http://www.soma.pt/old/english/products/residuossolidos/caixasrsu/hallerx2c.html
http://www.soma.pt/old/english/products/residuossolidos/caixasrsu/hallerx2c.html
http://www.sopsa.pt/en/node/250
http://www.construnario.com/catalogo/mbe-sotkon-sl/catalogos
http://www.construnario.com/catalogo/mbe-sotkon-sl/catalogos
http://www.sulo.com/index.php/en
http://static.lvengine.net/tnl/Imgs/articles/article_70/sideTAINER_TNL_EN_v3.pdf
http://static.lvengine.net/tnl/Imgs/articles/article_70/sideTAINER_TNL_EN_v3.pdf
http://static.lvengine.net/tnl/Imgs/articles/article_69/ecoTAINER_TNL_EN_v3.pdf
http://static.lvengine.net/tnl/Imgs/articles/article_69/ecoTAINER_TNL_EN_v3.pdf
http://static.lvengine.net/tnl/Imgs/articles/article_78/590bigTAINER_TNL_EN_v3_1.pdf
http://static.lvengine.net/tnl/Imgs/articles/article_78/590bigTAINER_TNL_EN_v3_1.pdf
http://www.villiger.com/sub-vil-en.html
http://www.villiger.com/sub-vil-en.html
http://www.w-weber.com/engl/start.html

	Chapter 3: Technology Status of Waste Collection Systems
	3.1 Waste Collection
	3.1.1 Waste Collection Role
	3.1.2 Waste Collection Systems

	3.2 Waste Collection System Classification
	3.2.1 State of the Art
	3.2.2 Waste Collection System Types
	Container Component
	Vehicle Component
	Collection Method Component
	Key Collection Methods


	References


